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Project ID:
29002

Title: 

Conjunctive Use and River Enhancement (CURE) for Habitat Improvement in the Upper Methow River


Section 9 of 10. Project description

a. Abstract 
Conjunctive Use and River Enhancement, or CURE, involves pumping ground water into streams for enhancement of in-stream values and later withdrawal for consumptive use.  Low flows during late summer and early fall are often cited as key factors limiting fish production.  CURE simply uses groundwater naturally stored in a nearby aquifer to augment stream flows during late summer and early fall low-flow periods.  The groundwater can be withdrawn downstream for consumptive use.  This increases supply for both fish and people.
A consortium of three irrigation companies is preparing a habitat conservation plan (HCP) for the Chewuch River sub-basin in the Methow Valley.  One of the storage projects identified in the HCP is a CURE project.  The project would pump the Upper Methow Aquifer during August-October and discharge it directly into the Methow River.  This groundwater would flow downstream through critical salmon habitat to a downstream location where it will be withdrawn and put into two existing irrigation canals that are currently supplied by surface diversions from the Chewuch River.  This will allow significant reductions in irrigation diversions from the Chewuch River.  In addition, the conveyance reach of the Methow River is the most productive spring chinook salmon spawning habitat in the entire watershed.   Thus, two reaches on two rivers will experience increased flows during critical periods for fish before any CURE water is withdrawn for irrigation.

The CURE project is targeted for 20 cfs, which would require four or five wells pumping about 5 cfs each.  The overall project schedule is:

 

Task Description
Schedule 

Pilot Test: 

Well field and Monitoring Program 
2002/2003

Phase 1 Implementation: 

Well field Build-out and Monitoring 
2003/2004

Phase 2 Implementation:

Final Permitting and Withdrawal Facilities
2005/2006

Project Operation and Verification
2006/2008

b. Technical and/or scientific background
Figure 1 : Methow Basin Map
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Upper Methow Habitat Conditions

Figure 3: Photo of Methow River near Weeman Bridge (location of CURE augmentation area)
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The following information comes from the Methow Basin Limiting Factors Analysis.

Loss of Access to Spawning and Rearing Habitat. 

In some years, all or some portions of the reach of the upper Methow River between the Lost River confluence and the Weeman Bridge go dry.  This is a condition brought on by a seasonal decrease in available moisture; irrigation withdrawals are not considered to be a contributing factor to this condition. This dewatered or low flow condition can begin in late summer/early fall of a given year and persist until the onset of spring runoff.  Although adult salmonid migration is probably not much affected, juvenile salmonid movement is.  Juveniles may be stranded and winter rearing habitat in general is reduced in this reach during dry years

Floodplain Conditions.  

With the exception of the alluvial fan at the confluence with the Lost River and the dike below the Goat Creek confluence (Sec.05, T35N R20E), the floodplain of the main stem Methow River in this sub-watershed is “Properly Functioning”.  

Streambed Sediment Conditions.  

The Methow River from RM 63.2 – 67.0 (from about Goat Creek upstream to Mazama) was determined to be “Functioning at Unacceptable Risk” for substrate embeddedness with >30% of cobbles embedded.  

Channel Conditions.

The portion of the Methow River within this subwatershed is  “Properly Functioning” for bank stability with some accelerated bank erosion associated with residential and agricultural property between Goat Creek and Mazama.  Where bank erosion was associated with lateral channel migration in association with accumulations of LWD and sediment, it appeared to be within natural ranges. Both the pool frequency and pool quality are below desired conditions on the mainstem Methow River from Goat Creek upstream to Mazama.  From Mazama upstream to Lost River both pool frequency and pool quality are low.  From the Lost River upstream to Brush Creek pool frequency has the desired pool frequency but pool quality continues to be low from the Lost River confluence upstream to Trout Creek.  From Trout Creek to Brush Creek pool quality is high along with the desired levels of pool frequency.  Efforts to increase LWD levels in the Methow River should be given high priority.

Riparian Conditions.

The potential for LWD recruitment from well-forested riparian buffers along the Methow River from the Lost River confluence upstream is good.  From the Lost River confluence downstream to Goat Creek, conversion of some riparian areas to agricultural and residential use has reduced the potential for LWD recruitment by some unknown amount.  Existing riparian vegetation should protected.  Shorelines where riparian vegetation has been degraded should be restored with the goal of establishing riparian buffers of mature riparian vegetation.

Water Quality.

The dewatering that occurs in the reach of the upper Methow River has resulted in this sub-watershed being placed on the State of Washington 303(d) list as water quality impaired from instream flows (DOE 1998).  This same interaction between ground water and surface water creates upwelling of ground water into the streambed in other sections of the Methow River streambed in this subwatershed.  This occurs where the streambed stays in closer contact with the upper level of the groundwater table and is critical to moderating low winter and high summer stream temperatures.  The extent to which human induced changes in this sub-watershed have affected this groundwater/surface water interaction needs to be investigated.

Water Quantity.

Dewatering of the Methow River from the vicinity of the Lost River confluence to just upstream of the Weeman Bridge is a condition brought on by a seasonal decrease in available moisture (Caldwell and Catterson 1992).  It is unknown to what extent human-induced changes (ie. fire suppression, road building, beaver removal, water diversions, alterations to alluvial fans, etc.) in the mainstem and its tributaries affect this condition.  This dewatered or low flow condition can begin in late summer/early fall of a given year and persist until the onset of spring runoff.  It is especially common during dry years.  These dry riverbed reaches on the upper Methow River have been identified as follows:

1. 1.5 miles from RM 60.7 to 62.2 (in between the Weeman bridge and the Mazama Bridge),

2. 5.5 miles from RM 67.5 to 73.0 (just upstream of Early Winters Creek up to the Lost River confluence),

3. 1.0 mile from RM 73.0 to 74.0 (from the confluence of the Lost River to the confluence of Robinson Creek).

The reaches that go dry during low flow years expand in length during extreme drought years.  This frequently causes spring chinook salmon redds in the dewatered reaches to dry out, strands juveniles, and decreases the quantity of juvenile rearing habitat for all salmonid species.  

Habitat In Need of Protection 

· Functioning riparian and side channel habitat within the stream meander zone of the Methow River, to just upstream of the Lost River confluence.

· Areas with ground water recharge to the stream channel, especially in conjunction with side channel habitat

LFA Recommendations

The Methow River between Winthrop and the Lost River confluence is the most productive spring chinook salmon spawning habitat in the entire Methow watershed.  The protection of functioning riparian habitat within this reach is critical to sustaining naturally producing spring chinook in the Methow watershed.  Protection of habitat within this reach that sustains flows through the winter during dry years, especially stream channel sections where ground water recharge occurs, should be given the highest priority.  Protection of this habitat will also maintain migration corridors for salmonids, provide rearing habitat for salmon, steelhead and bull trout, and protect some summer chinook spawning habitat.

CURE Concept 

Figure 4: Configuration of CURE project and other components of Chewuch Basin HCP.
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The Upper Methow valley contains a prolific aquifer, herein called the Upper Methow Aquifer.  Conjunctive Use and River Enhancement, or CURE, is a proposal to pump the Upper Methow Aquifer during the peak summer water supply demand period (August-October) and return the pumped water directly into the Methow River.  This groundwater would then flow downstream through critical salmon habitat during the summer low-flow period to a downstream location where it could be withdrawn and put into the Lower Chewuch and Fulton Canals, which are currently supplied by diversions on the Chewuch River.  The wellfield is not pumped continuously, but is allowed to recover during the fall and spring, when there is excess recharge and adequate streamflow. Increasing flows in the Mainstem Methow during the late summer low-flow period also provides the opportunity for irrigators in the Chewuch Basin to shift part of their water supply needs to the Methow, essentially withdrawing the groundwater that has augmented streamflows above Winthrop. This results in a second benefit to fish habitat on both the Chewuch and Mainstem Methow, by reducing diversions in the Chewuch Basin.   

The CURE concept is not new in the field of water resources management.  The concept has been used in England since the mid-1970’s.  By the early 1990’s, over 24 groundwater augmentation programs, totaling 5,000 cfs, from over 250 wells, had been commissioned in England.  One of the largest programs (Shropshire) discharges over 90 cfs of water to the Shropshire River for downstream withdrawal.  

The target capacity of the CURE project is 20 cfs, which would be accomplished by a series of four to five high capacity 5 cfs wells (2,300 gpm per well).  Target withdrawal needs for the lower Chewuch and Fulton canals are on the order of 20 to 25 cfs between August 20 and October 15.  

Hydrogeology

The hydrogeology of the Upper Methow aquifer was studied extensively in the late 1980’s as part of the groundwater management program (EMCON, 1989) and in association with the proposed Early Winters Resort (Golder, 1989).  EMCON prepared an extensive report containing data on wells, pumping tests, water-level fluctuations, streamflows, and geophysical explorations.  Golder prepared a groundwater flow model of the aquifer that was considered by Ecology to be “one of the best modeling efforts in the State” when it was completed in 1990.  Important technical data relevant to the CURE proposal include:

1. Test well drilling and pumping test data near Mazama confirms a very thick, productive aquifer composed of coarse glacial sediments (sand and gravel), with a high transmissivity on the order of 100,000 to 130,000 ft2/day.  

2. Seismic and electrical resistivity profiling down valley of Mazama, in the vicinity of Big Valley Ranch, confirms that the Boesel Fault, which is mapped at the ground surface downstream of Weeman Bridge, extends across the valley and has created a significant offset in the thickness of glacial sediments.  An aquifer thickness of over 1,000 feet is predicted upstream of the fault, while aquifer thickness of only about 400 feet is predicted downstream of the fault.

3. Groundwater level measurements taken in the vicinity of Weeman Bridge indicate that the aquifer discharges to the Methow River, and that groundwater levels are 0.5 to 1.3 feet higher than the level of the river.  This allows groundwater to discharge naturally to the Methow River at rates estimated at between 2 and 8 cfs per river mile.

4. Annual water-level fluctuations in wells range from 3 to 10 feet, with a pronounced increase in groundwater levels during spring run-off and a gradual decline in water levels during the summer.  The rise in groundwater levels during spring run-off is equivalent to a groundwater recharge rate of  6cfs per river mile.  The distance between Weeman Bridge and Lost River is approximately 15 miles, which suggests on the order of  90 cfs of groundwater recharge upstream of Weeman Bridge during spring melt.  This water is stored naturally in the aquifer and is released slowly over the summer.  There is also “dead storage” in the aquifer that stays in the aquifer year after year.

Figure 5: River and Bedrock Profile – Upper Methow Valley
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Groundwater Storage

Groundwater storage is the key to the CURE concept.  When a well is pumped, water is initially withdrawn from the pore spaces in the aquifer, termed groundwater storage.  As pumping progresses, the influence of the well begins to extend to hydraulic boundaries to the aquifer system, establishing equilibrium between recharge to and discharge from the aquifer system as a whole.  During this period, water withdrawn from the well is predominantly groundwater storage and is not reflected as a reduction in discharge to surface water.  This stored water, when pumped directly into the river, will increase stream flow over what would occur naturally.

The effect of groundwater pumping on stream flow has been studied since the mid- 1930’s when C.V. Theis derived the first analytical equations to evaluate draw down in wells.  There is not a 1:1 relationship between the volume of water pumped from a well and the amount of stream depletion that could occur as a result of pumping.  Over an extended period of continuous pumping, a 1:1 relationship can develop, but for a period of week, days, or months, a portion of the water withdrawn from the well is purely groundwater storage.  In the context of the CURE concept, stream depletion resulting from pumping is not a concern, since the pumped water is put directly in the river.   However, the methods for calculating stream depletion are relevant, since they describe the amount of net augmentation that results from pumping groundwater into the river.

Many researchers have developed solutions to compute draw down and stream depletion caused by pumping near a stream, including Theis (1941), Boulton (1942), Glover (1954), Jacob (1950), Hantush (1965), Jenkins (1968), and Stretslova (1974), and Spalding and Khaleel (1991).  A simple analytical model based on Glover (1954) with modifications described by Spalding and Khaleel (1991) was used to predict the net augmentation effects over time when a CURE well is in operation. 

The results of the preliminary analytical model are shown on Figure 6.  They indicate that a well pumping 2,250 gpm (5 cfs) will augment river flows by 1,230 gpm (3 cfs) after 60 days of pumping.  Augmentation rates are highest during the initial 30 days of pumping.  Thus the analytical model suggests that 60% of the yield of a well field, if returned directly back into the Methow River, would represent a true increase in flow over what would occur naturally.  

Figure 6
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Late summer flows at Weeman Bridge have been measured at between 30 and 60 cfs during a “normal” year (2000) and less than 20 cfs during a drought year (2001).  Thus, a 20 cfs well field augmenting stream flows by 12 cfs (60%) after 60 days of pumping represents an increase in flow of 40 to 60%.  Augmentation could take place during the late fall or winter. 

Predicted Effects of Groundwater Pumping

The predicted effects of pumping were evaluated using groundwater-modeling techniques.  The 1990 groundwater modeling, using a numerical flow model (MODFLOW), demonstrated that, under pumping conditions, the relative proportion of water derived from groundwater storage increases during the late summer when flows in the Upper Methow River decline and, during most years, dries up. 

Figure 7 shows the predicted draw down resulting from an initial Pilot Test well pumping at a rate of 2,500 gpm. For estimating purposes, it was assumed that wells would be placed 1,000 feet from the river and pumped at a rate of 2,500 gpm.  Using aquifer properties developed from the Mazama pump test (EMCON, 1990), drawdowns of between 0.5 and 1.5 feet are predicted at a distance of 1,000 feet after 60 days.  There are many conservative assumptions built into this calculation, and actual drawdowns are expected to be much lower.   Therefore, there is no indication that draw down would cause excessive lowering of water levels in adjacent wells.

Figure 7
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Downstream Withdrawal

Downstream withdrawal of water from the Methow River is an engineering component that has not yet been fully analyzed, pending the results of the Pilot Test.  The elements of the withdrawal component of the project would include a river intake and pumping station on the Methow River near Winthrop (estimated elevation 1,700 feet).  A preliminary site for a pump station has been identified in the Town of Winthrop.  The water would be pumped up to Pearrygin Lake (elevation 1,925), to another point on the Chewuch ditch, or to the Chewuch ditch headgate (elevation 2,000).  Including an estimated head loss of 20%, total pumping lift requirements would on the order of 375 feet.  The water would be piped to the irrigation canal.  Further engineering design would occur after establishing the feasibility of flow augmentation from the Pilot Test. 

c. Rationale and significance to Regional Programs
The need for the CURE project is presented in:

(1) NMFS Biological Opinion, which includes actions related to basic habitat needs of listed species.  In tributary habitat, two objectives are relevant to this project: Increase tributary water flow to improve fish spawning, rearing, and migration; and comply with water quality standards, first in spawning and rearing areas, then in migratory corridors.  Biological Opinion Section 9.6.2.1.  Action 151 states that:
· “BPA shall, in coordination with NMFS, experiment with innovative ways to increase tributary flows.” The discussion of this action notes that while tributary flow problems are widespread, it is unclear whether and how solutions can be implemented through existing laws and processes.  New approaches must be tested, especially where there are significant non-federal diversions and ancillary water quality benefits.  This action will also develop a competitive process to increase flows and water quality at the lowest cost.

(1) The Methow Subbasin Summary, which identifies that:

· The Methow River between Winthrop and Lost River is “the most productive spring Chinook spawning habitat in the entire Methow Sub-basin.”  Protecting functioning floodplain, riparian and side-channels is “critical to sustaining naturally producing spring Chinook in the Methow watershed”; and

· Sustaining flows in this reach throughout the year (including the winter) during dry years should be “given the highest priority.”

(2) The strategies and objectives of the Confederated Tribes of the Colville Reservation (CTCR) Integrated Resource Management Plan.  The CTCR Integrated Resource Management Plan includes a goal of maintaining and protecting instream and riparian habitat and supporting ecological function in these habitats. This goal is to be achieved through several objectives including: 

· Objective 2 : maintain adequate stream flow to support salmonids at all life stages; 

· Objective 3 : reduce summer temperatures in the watershed to meet the needs of salmonids in all life stages.

(3) The goals and objectives of the Upper Columbia Salmon Recovery Funding Board (UCSRB) as outlined in USCRB (2001); and the 2000 Columbia River Fish and Wildlife Program (FWP).  Specifically: 
· Strategy 6:  Provide alternative sources of irrigation and domestic water to mitigate impacts of problematic surface water diversions.
(4) 2000 Columbia River Basin Fish and Wildlife Program. The 2000 Columbia River Basin Fish and Wildlife Program (“FWP”) focuses on protecting and restoring natural ecological functions to watersheds. Stream flow restoration will benefit anadromous and resident fish, including:
·  Restoration of anadromous fish to areas that contain good habitat but are limited by reduced flows from dewatering.  
Funding the CURE Pilot Project will enable some of the key benefits of these recommended actions to be realized in a way that can be replicated in other subbasins.  The development of the CURE Project will also allow for the development of water strategies that can be used in other areas of Eastern and Western Washington and the infrastructure needed to demonstrate transactional strategies for securing flows and improving water quality both from large irrigation projects and individual landowners. Stream flow restoration will address both streamflow problems and water quality problems.  
d. Relationships to other projects 
Existing and past efforts by BPA in the Methow Subbasin span a broad range of activities. In many cases the habitat restoration work, educational activities, improvements to irrigation systems, etc., undertaken within the Methow Subbasin represent cooperative efforts of various combinations of local government, private organizations, private citizens, tribes and state agencies. The following list is an attempt to provide an overview of the majority of activities that have taken place in the Methow Subbasin during the last six to ten years:

· Methow Valley Irrigation District, Reorganization to wells, 1999 to 2000 (Funding WDOE and BPA). Lower ditch was shut off and individuals served by the lower ditch were converted to wells. The CURE proposal is similar in concept and specifically focuses on the objective of using groundwater to provide water for irrigation.

· Methow River Valley Irrigation District (Project # 199603401, sponsored by Yakama Nation, ongoing project). Examine the feasibility of alternatives and recommend a project to address water conservation, benefit fish and continue to provide water for irrigation.  The CURE proposal is similar in concept and specifically focuses on the objective of benefiting fish while continuing to provide water for irrigation.

· Early Winters Creek Habitat Restoration (Project #199802500). Restored historic fish, riparian and floodplain habitat, identified methods to augment instream flow to increase spawner success and juvenile survival. Project was completed the summer of 2000 with some follow-up monitoring in 2001. The CURE proposal is similar in concept and specifically focuses on the objective of evaluating methods to augment stream flows.

· Hancock Springs Passage and Habitat Restoration Improvements, Yakama Nation (Project #23024). This project was awarded in 2001, with on-the-ground implementation scheduled to begin in 2002. The project is designed to increase juvenile salmonid access to, and enhance the habitat of Hancock Springs, a spring fed off-channel to the upper Methow River. Project objectives are to 1) increase the number of juvenile spring chinook and steelhead utilizing Hancock Springs, and 2) increase the over-winter survival of juvenile spring chinook and steelhead in the Methow River. The CURE proposal will enhance stream flows for the increased number of juvenile Chinook and steelhead generated from this project.

· Goat Creek Instream Habitat Restoration (Project #199802900). Instream habitat restoration work and instream rehabilitation. Project is ongoing.  The CURE proposal will support enhanced mainstem stream flows adjacent to the improved habitat generated from this project.

· Methow Basin Screening (Project #200106300). Provide fish screen facilities and new fish screen construction at Methow Subbasin irrigation diversions including Foghorn, Rockview, McKinney Mountain, and Kumm Holloway. Some equipment upgrades are also included under the project. Project is ongoing.   The CURE proposal will support optimal habitat for the increased number of juvenile Chinook and steelhead generated from this project.

e. Project history (for ongoing projects) 

NA

f. Proposal objectives, tasks and methods
Project Objectives and Tasks

There are three objectives for the project: 

1. Increase stream flow in the Methow River between Goat Creek and Winthrop using direct discharge of groundwater pumped form the Methow aquifer and improve the biological performance of endangered salmonids in this critical reach of the Methow sub-basin.  Tasks and design phases for this objective are summarized below:

Objective 1: Increase Stream flow
Phase

Task 1
a
Prepare Pilot Plans
P&D

Task 1
b
Pilot Permitting
P&D

Task 1
c
Build Pilot Well
C&I

Task 1
d
Operate Pilot Well
O&M

Task 1
e
Implementation Planning
P&D

Task 1
f
Implementation Permitting
P&D

Task 1
g
Build Final Well field
C&I

Task 1
h
Operate Final Well field
O&M

2. Monitor habitat conditions between Goat Creek and Winthrop during and after flow augmentation to evaluate the optimal operational parameters and evaluate seasonal and long-term benefits of augmentation. Tasks and design phases for this objective are summarized below:

Objective 2: Monitor Habitat Benefits
 

Task 2
a
Prepare Pilot Plans
P&D

Task 2
b
Pilot Monitoring
P&D

Task 2
c
Pilot Reporting
M&E

Task 2
d
Long-Term Monitoring Plans
P&D

Task 2
e
Long Term M&E 
M&E

3. Use a portion of flow augmentation to provide an alternate water supply during late summer for irrigation needs currently served by diversions on the Chewuch River.  

Objective 3: Provide Alternate Water Supply
 

Task 3
a
Prepare Plans
P&D

Task 3
b
Permitting
P&D

Task 3
c
Build Supply Intake
C&I

Task 3
d
Build Supply Conveyance
C&I

Task 3
e
Operate System
O&M

Task 3
f
Operations Reports
M&E



Table 2: CURE Project Schedule
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Objective 1: Increase Stream flow
a. Prepare Pilot Plans : A project summary and CURE pilot project plan will be developed to describe the components of the project development.  A simple three-dimensional groundwater flow model of the Methow Valley from approximately Mazama to about 5 miles downstream of Weeman Bridge will be constructed.  The model will be constructed to simulate the development of the CURE pilot test. The model will be constructed as a transient model to simulate a 2-month augmentation period followed by natural recharge/recovery for the remainder of the year.  A sensitivity analysis will be conducted to evaluate assumptions used in the development of the model.  A summary technical memorandum will be prepared based on the results of the modeling.

b. Pilot Permitting: A water right application for a temporary pilot project under RCW. 90.03.390, will be filed with the Department of Ecology for a groundwater permit. The intent is to obtain a preliminary permit for the ground water application to authorize the pilot test program to provide the necessary information to move forward with the full scale implementation program.

c. Build Pilot Well: We will install one production well and one shallow monitoring well. The production well will be drilled to a depth of about 500 feet using the cable tool method The production well will be drilled at 16-inch diameter to accommodate a high capacity pump. The monitoring well would be drilled to a depth of about 50 feet and completed as a 2-inch monitoring well.  An 8-hour step-pumping test will be performed following completion and development of the well(s).  Field water quality parameters (temperature, pH, specific conductance, turbidity, dissolved oxygen) will be monitored throughout the test.  A water quality sample will be collected at the end of the test and analyzed for major ions, metals, and nutrients.  The step-pumping test will be used to size the production pump.     

d. Operate Pilot Well: CURE pilot test will start following the installation of the permanent pump and diffuser structure; and acquisition of the agency approvals.  The well pump will be sized based on the results of the step pumping test and the projected yield of the well. A 12-inch discharge pipe will convey water from the well to the river. A diffuser structure will be designed and constructed at the discharge location prior to the pilot project to allow water to enter the river without causing erosion, sedimentation, or scour in the river. Dedicated groundwater monitoring equipment (pressure transducers and data loggers) would be installed in the CURE well and one other monitoring location to evaluate changes in groundwater elevations.  Two new stream gauging stations would also be established on the river.

e. Implementation Planning: Planning for the final well field will occur once the test results from the pilot project are complete and data results are available. 

f. Implementation Permitting: Permanent water rights applications will be submitted for ground water rights for non-consumptive use to augment stream flows between Goat Creek and Winthrop, and for consumptive use to allow for irrigation withdrawal at Winthrop if the ground water right is not sufficient..

g. Build Final Well field: Construction of the well field will occur once Pilot Project data is available and implementation funding is secured. It is anticipated final design will include 4 to 5 wells with a total production of 20cfs.

h. Operate Final Well field: Operations program will be developed once the pilot project results are complete but it is anticipated that operations of the final well field will continue for the 50 years identified in the Chewuch Subbasin HCP.

Objective 2: Monitor Habitat Benefits
a. Prepare Pilot Plans: Develop monitoring plan components to monitor and evaluate operational parameters of the augmentation system as well as the habitat conditions between Goat Creek and Winthrop.

b. Pilot Monitoring: 

Groundwater monitoring will include the following:

· Discharge rate and pumping levels in the CURE well;

· Water-levels in nearby wells; 

· Field water quality of the discharged water (temperature, pH, specific conductance, turbidity, dissolved oxygen); and

· Water quality sampling for major ions, metals, and nutrients.

Surface water monitoring will include the following:

· Field water quality (temperature, pH, specific conductance, turbidity, dissolved oxygen);

· Flows at three gaging stations (Weeman Bridge, and two downstream locations); and 

· Water quality sampling for major ions, metals, and nutrients.

Habitat and biological monitoring will include protocol considerations reviewed in the Washington Department of Fish and Wildlife’s “Inventory an d Monitoring of Salmon Habitat in the Pacific Northwest.”  This document lists and summarizes accepted habitat assessment and monitoring protocols for specific project types.   Some of the suggested habitat monitoring protocols are summarized above, in the Water Quality Monitoring section.  Summaries of the four best-suited habitat monitoring protocols are provided below.

· Timber-Fish-Wildlife (TFW) Method Manuals for the Large woody Debris Survey, Habitat Unit Survey, Salmonid Spawning Gravel Composition Survey, Salmonid Spawning Habitat Availability, Reference Point Survey and Stream Segment Identification Survey (Schuett-Hames et al. 1999).  These manuals are part of the Northwest Indian Fisheries Commission’s TFW Monitoring Program and are specifically designed for monitoring various attributes associated with aquatic habitats.  

· Physical Habitat, Water Chemistry, Macroinvertebrates and Aquatic Invertebrates (Oregon Department of Environmental Quality 1999).  This protocol is includes methods for monitoring streams as part of the USEPA sponsored Regional Environmental Monitoring and Assessment Program.

· Stream Inventory Handbook: Level I & II (USDA Forest Service 2000).  This protocol was compiled by an interagency interdisciplinary team and is considered to be one of the most critical for defining stream channel, riparian vegetation and aquatic resource condition.

· Methods for Stream Habitat Surveys (Moore et al 2001).  This protocol was established by the Oregon Department of Fish and Wildlife and incorporates Hankin and Reeves with other methodologies to assess aquatic habitat.

Monitoring frequencies and locations will be specified in the pilot plan.  A database will be developed for the monitoring data collected during the pilot project.  

c. Pilot Reporting:  A report will be prepared documenting the well drilling and installation, pump sizing, and pilot project results.  The report will include the following:

· Results of the well drilling, installation, and pumping test

· As-builts of the well and discharge structures;

· Evaluation of flows during the pilot project;

· Evaluation of water quality during the pilot project;

· Evaluation of groundwater impacts during the pilot project; and 

· Recommendations for full-scale project implementation.

As part of the analysis of the pilot project data, the preliminary groundwater flow model will be updated and calibrated to the results of the pilot project, allowing the model to be used to support development of a full-scale CURE project.
d. Long-Term Monitoring Plans:  Development of the long monitoring plan would include parameters studied under the pilot program. This plan will cover additional study factors that may be identified under the pilot program.  This will be developed once the Pilot Project data is completed and funding is secured.

e. Long Term M&E: Study criteria would generally follow parameters set for the pilot program, however, additional  issues identified as significant under the pilot project will be monitored as well. This will be developed once the Pilot Project data is completed and funding is secured.

Objective 3: Provide Alternate Water Supply
Downstream withdrawal of water from the Methow River is an engineering component that has not yet been fully analyzed, pending the results of the Pilot Test.  The elements of the withdrawal component of the project would include a river intake and pumping station on the Methow River near Winthrop (estimated elevation 1,700 feet).  A preliminary site for a pump station has been identified in the Town of Winthrop.  The water would be pumped up to Pearrygin Lake (elevation 1,925), to some other midpoint on the Chewuch ditch, or to the Chewuch ditch headgate (elevation 2,000).  Including an estimated head loss of 20%, total pumping lift requirements would on the order of 375 feet.  The water would be piped to the irrigation canal.  Further engineering design would occur after establishing the feasibility of flow augmentation from the Pilot Test.  Once pilot test results are complete, the following tasks would be undertaken. 

a. Prepare Plans

b. Permitting

c. Build Supply Intake

d. Build Supply Conveyance

e. Operate System

f. Operations Reports

Net Present Value of Pumping One Acre-foot from the Methow River for Use by Chewuch Irrigation Systems





























A. Pumping to Pearrygin Lake
 
 
 
B. Pumping to Chewuch Headgate 
 


 
Electricity Price,  $/kwh
Electricity Price,  $/kwh

Discount Rate
0.015
0.025
0.035
0.045
0.055
0.015
0.025
0.035
0.045
0.055


3 percent
$175 
$260 
$343 
$427 
$511 
$235 
$348 
$460 
$572 
$684 


4 percent
$144 
$212 
$280 
$349 
$418 
$192 
$284 
$376 
$467 
$559 


5 percent
$119 
$176 
$233 
$290 
$347 
$159 
$236 
$312 
$388 
$464 


6 percent
$100 
$149 
$196 
$244 
$292 
$134 
$199 
$263 
$327 
$391 


 







1. Period is 2001-2050. Pumping begins in 2004.







C. Pumping Lifts and Volumes 







 
River Elev
Pump Out Elev
Head Loss
Pump Lift
Scaling Factor
Pump Rate
Period
Total Volume
Total NPV Cost
Annual NPV Cost


 
(ft)
(ft)
 
(ft)
 
(cfs)
(days)
AF
50 years
 


A. Methow - Pearrygin
1700
1924
20%
280
              0.41 
26
90
            4,641 
 $  1,301,496 
 $       26,030 


B. Methow - Chewuch
1700
2000
20%
375
              0.56 
26
90
            4,641 
 $  1,743,074 
 $       34,861 


Well field
 
 
 
80
              0.12 
20
90
            3,570 
        286,043 
 $         5,721 




























g. Facilities and equipment
As this proposal addresses new facilities, the components are primarily of a constructed nature and are identified in the abstract and cost component section of this proposal.

Office space, equipment, computers, vehicles, laboratory equipment, and other equipment are in place and will be utilized in the execution of the pilot program and serve as a portion of the in-kind match for the project.
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Chris Johnson: Project Manager (0.25 FTE)

Education
B.S., Environmental Science, University of Washington, Seattle, Washington, 1993.

Professional Summary

Mr. Johnson offers a full range of planning services directed to the regional needs of individuals, businesses, and communities throughout northeast central Washington.  As principal of C I Johnson Associates, he provides project expertise on a wide array of development planning issues and in the development, planning, permitting, and implementation of shoreline restoration and mitigation projects.  Mr. Johnson has assisted numerous clients in developing, permitting, and acquiring grant funding for shoreline and wetland restoration and enhancement projects.  Mr. Johnson is currently working with the primary irrigators in the Chewuch Basin and the Federal Services to negotiate a Habitat Conservation Plan for the Chewuch River and with the City of Okanogan to update Critical Areas and Shorelines regulations for the city.  

Relevant  Experience

· Similkameen River Shoreline: Restoration and fish enhancement of degraded bank and riparian areas on agricultural land – Private Client.

· Methow River Shoreline: Shoreline stabilization and fish habitat restoration project associated with rural residential property. Shoreline Restoration and Public Education project within the urban commercial environment – Private Clients.

· Okanogan River Shoreline: Shoreline stabilization and fish habitat enhancement on four residential lots in a suburban residential setting –Private Clients.

· Twisp River Shoreline: Project team member for Fish Rearing and Acclamation - Methow Salmon Recovery Foundation.

· Chewuch Basin Council: Planning and Facilitation Team for Habitat Conservation Plan – Chewuch Basin Council.
Terry O’Reilly: Field Coordinator (0.33 FTE)

Education


Attended
1974-1975

              Eastern Montana College 

Billings, MT.

Attended
1986



University of Washington

Seattle, WA.

Associate Member



National Golf Foundation / Urban Land Institute 

Additional Professional Development: Construction Law, Real Estate Finance and Development, Estimating, Architectural Drafting, Leadership Development/Management Training, Sustainable Development, Washington Real Estate Broker.

Professional Summary

Terry M. O’Reilly is President and Treasurer of Methow Salmon Recovery Foundation (MSRF) and is responsible for fundraising, project development and management of ongoing operations. Prior to joining MSRF, Mr. O’Reilly held project management positions within the Seattle area construction community, focusing on successful public projects, managing project buy-outs, subcontractors, and supplier relationships while also responsible for field management, job cost control, and profit management. 

Most recently, Mr. O’Reilly held the position of Construction Manager for the Arrowleaf Resort in Mazama Washington. His responsibilities included management of entitlements, operations management, local public relations, and construction management. His sixteen years in project management have recently concentrated on natural resources.

Relevant Experience

· Developed existing ponds on private property into acclimation/supplementation site (lower Twisp River) and facilitated development of long term plan to re-connect this site to the river to provide off-channel rearing and over-wintering habitat. 

· Negotiation and implementation of operating agreement between Early Winters Ditch Co. and National Marine Fisheries Service, successfully allowing for irrigation and the protection of listed salmonids. As part of this agreement directed engineering and construction of in-channel rock weir and woody debris structures to restore flow to irrigator’s diversion structure.

· Created partnerships with the United States Forest Service, Pacific Watershed Institute, and others to facilitate the restoration of a portion of Early Winters Creek. Developed grant proposal (SRFB-3rd round) to complete the restoration of this tributary. 

· Provided assistance to Washington State Department of Fish and Wildlife and irrigators on the Sloan-Wichert Slough to broker a solution to resolve flow problems that negatively effect listed salmonids. Sponsored grant proposal through Salmon Recovery Funding Board (3rd round) to convert irrigators to wells in late season potentially increasing flow by 10cfs.

· Developed and managed the forest management/thinning plan for 400 acres of second growth Douglas Fir in the upper Methow. The plan accommodated wildlife as well as forest health needs.

Other 

Construction Management

Resort Property Management
Project Management

Budget Development/Management
Quality Control


Construction Estimating

Contract Negotiation/Oversight
Construction Permitting

Critical Path Scheduling

Infrastructure Construction
Project Buy-Out/Procurement
Contractor Management

Team Leadership/Supervision
Job Cost Accounting

Consultant Management

Community Relations

Environmental Remediation
Forest Practice Management

Mr. O’Reilly served on the Methow Basin Planning Unit, is a mentor at the local grade school, serves on the Community Accountability Board, and remains active in the community on a number of other fronts.

Nina Talayco: Technician (0.33 FTE)

Education
B.S., Biology, Western Washington University, 1994.

Experience
7/2000 to date
Golder Associates



Wildlife Biologist



Assess and report on baseline water resources and environmental conditions.

4/2000 – 7/2000
Forest Stewardship Project

                             Community Education Coordinator

Coordinate and publicize community education program for restoration forestry project.  Wrote two grant proposals and received funding for project start up costs.

8/99 – to date
Methow Conservancy

Conservation Consultant

Assess and report on baseline environmental conditions and establish photo points of conservation easement lands in the Methow Valley.

7/99 – to date
Fine Arts Marketing

Consultant 

Research and pursue opportunities for individual artist, including grants, commissions, exhibitions, and competitions.  Coordinate time lines, create and present application packages, establish relationships with gallery owners, curators, and grantor representatives, and catalog and maintain slide collection.

6/93‑7/99 
United States Forest Service, Methow Ranger District


Biological Technician 

Participated as aquatic specialist on timber sale planning and implementation teams. Identified natural processes and management activities that affect channel conditions and fish habitat.  Recommended sites for restoration and monitoring.  Interpreted and implemented management direction for fish habitat from the Northwest Forest Plan and other documents.  Specific activities included:

· Assessed and monitored stream channel conditions using survey transects, Pygmy flow meter, Wolman Pebble Counts, V‑Star, large woody debris counts, and other survey protocols.

· Led crew in delineation of riparian reserve boundaries in timber sale areas.

· Coordinated university study of aquatic insect populations in managed and pristine drainages.

· Wrote and edited environmental analyses, watershed analyses, and survey reports.

· Censused fish, amphibian, and aquatic macroinvertebrate populations using redd counts, snorkeling, Surber sampler, and catch and release.

· Educated school and community groups about aquatic habitat and macroinvertebrate ecology.

· Received training in land surveying, Hankin & Reeves survey protocol, Proper Functioning Condition survey protocol, bull trout redd identification, amphibian identification, outdoor education methods, first aid, and fire fighting.

· Used Microsoft Word, Excel, Word Perfect, and Paradox, and field data loggers.

Robert Anderson, Lead Technical Investigator (Golder Associates Inc.)

Robert H. Anderson

Education
B.S., Geology, University of Washington, Seattle, Washington, 1983.


M.S., Geology, University of Wisconsin, Milwaukee, Wisconsin, 1987.

Professional Summary

Mr. Anderson is an associate and senior hydrogeologist with Golder Associates Inc.  He has developed a broad base of knowledge in geology, hydrology and geophysics, which enables him to integrate and manage a wide variety of water resource and environmental characterization studies.  His areas of technical expertise includes basin scale hydrologic and hydrogeologic assessments, watershed planning, modeling of ground water/surface water interactions, development of drilling and geophysical exploration programs, aquifer testing analysis, aquifer storage and recovery programs, and use of information systems in water resources analysis, surface and borehole geophysics, and probability-based analysis.  He has specific project management experience in the areas of hydrogeologic analysis, development of planning documents for wellhead protection, groundwater management and watershed planning; and development of data management systems for water resources studies. 

Relevant Experience

Washington

Methow Basin Pilot Planning Project Support

Upper Methow Basin Hydrologeologic Studies




Methow Basin Section 7 ESA Consultation Support
Methow Basin Watershed Planning Support 

Chewuch Basin Habitat Conservation Planning

Western Snohomish County Groundwater Management Plan

Cross Valley Water District Wellhead Protection Plan (Snohomish County)

Snoqualmie Aquifer Project (East King County)


Issaquah Valley Wellhead Protection Plan

Grand Ridge MPD Groundwater Analysis

City of Moses Lake Groundwater Supply Analysis 
City of Pullman, Well Replacement and Hydrogeologic Assessment 
Technical Advisory Committee on Capture of Surface Water by Wells 

East King County Groundwater Management Plan
     


Cross-Valley Water District  Cross Cascade Pipeline EIS Response 


      

Cedar River Water and Sewer District, Water Rights Support and Mitigation Planning



White River Hatchery, Groundwater Development


City of Leavenworth, Groundwater Development

Lummi Indian Reservation Groundwater Evaluation

Oregon

City of Salem Aquifer Storage and Recovery (ASR) Project

City of Salem Emergency Well field 


Eugene Water and Electric Board Well field Exploration

City of The Dalles Hydrogeologic Studies

Other 

Flathead County (Montana) Nitrate Loading Analysis


Rural Alaska Groundwater Development 


Chino Mines  Hydrogeologic Studies
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		Slug Test Ana;lysis

		Bouwer & Rice Slug Test Analysis

		Reference:		Bouwer, 1989, The Bouwer and Rice Slug Test - An Update

				Groundwater Vol. 27, No. 3

		Permeability		K = [rc^2 ln(Re/rw)]/[2 Le] * [1/t] ln [y1/y2]

		Analog Well Equation		Ln [Re/rw] = { [1.1/ln[Lw/rw] + [A + B ln[(H-Lw)/rw]/[Le/Rw] }^-1

				Re		Effective radial influence of test

				Rw		Radius of well

				Rc		Radius of casing

				Le		Length of screen interval

				Lw		Length of well

				y1		Head change at t1

				y2		Head change at t2

				t1		Elapsed time

				t2		Elapsed time

				YP-2

		Main Parameters						Analog Modeling Parameters

		Re		5.0		m		Le/rw		19.00				0.05

		Rw		0.50		m		ln(Lw/rw)		3.30				0.005

		Rc		0.1		m		H		200				0.000625

		Le		9.5		m		A		3.5				0.095

		Lw		13.5		m		B		1				0.135

		y1		1.5		m		ln(rw)		-0.69				0.015

		y2		0.23		m								0.0023

		t1		1.0		min		ln(Re/rw)		0.94

		t2		20.0		min		ln(Re)		0.24

		1/tln(y/yt)		9.4E-02				Re		1.27

		K		4.4E-05		m/min

				7.4E-07		m/sec

				7.4E-05		cm/sec
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Assumptions:
No recharge boundaries to aquifer (e.g. stream)
No barrier boundaries to aquifer (e.g. bedrock)
Homogeneous, isotropic aquifer condition
No hydraulic gradient 
No partial penetration or vertical leakage effects

Drawdown (ft)
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1,000 ft from 2,500 gpm pumping well
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Parameters

		Windhaven/Chewuch Basin Council				Estimated drawdown near pumping well

		Preliminary CURE Analysis				Using Jacob,

		Aquifer Properties				Units		Data Source

		Transmissivity (T)		100,000		ft^2/d		Mazama Test Well (EMCON, 1993)

				1.1E-01		m^2/sec

		Storativity (S)		0.25				Professional Judgement

		Aquifer Thickness		600		ft		Mazama Test Well (EMCON, 1993)

				183		m

		Aquifer Permeability		167		ft/d		Calculated (k=T/b)

				5.9E-04		m/s

		Pumping Rate		2500		gpm		Proposed

				1.6E-01		m^3/s

				5.6		cfs

		Distance from Pumping Well		1000		ft

				304.8		m

		Time (days)		u		Drawdown (m)		Drawdown (ft)

		1		6.25E-01		(0.01)		(0.04)

		7		8.93E-02		0.21		0.70

		14		4.46E-02		0.30		0.97
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		70		8.93E-03		0.48		1.58
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		91		6.87E-03		0.51		1.69

		98		6.38E-03		0.52		1.71
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Look Up Table

		Look Up Table for percentage of stream depletion for values of tT/a^2S

		and ratio of total volume of stream depletion to volume pumped

		Jenkins, 1966

		tT/a^2S		q/Q				tT/a^2S		v/Qt		vT/Qa^2S

		0.06		0.008				0.06		0.001

		0.1		0.025				0.1		0.006

		0.15		0.068				0.15		0.019

		0.2		0.114				0.2		0.037

		0.25		0.157				0.25		0.057

		0.3		0.197				0.3		0.077

		0.35		0.232				0.35		0.097

		0.4		0.264				0.4		0.115

		0.45		0.292				0.45		0.134

		0.5		0.317				0.5		0.151

		0.55		0.34				0.55		0.167

		0.6		0.361				0.6		0.182

		0.65		0.38				0.65		0.197

		0.7		0.398				0.7		0.211

		0.75		0.414				0.75		0.224

		0.8		0.429				0.8		0.236

		0.85		0.443				0.85		0.248

		0.9		0.456				0.9		0.259

		0.95		0.468				0.95		0.27

		1		0.48				1		0.28

		1.1		0.5				1.1		0.299

		1.2		0.519				1.2		0.316

		1.3		0.535				1.3		0.333

		1.4		0.55				1.4		0.348

		1.5		0.564				1.5		0.362

		1.6		0.576				1.6		0.375

		1.7		0.588				1.7		0.387

		1.8		0.598				1.8		0.398

		1.9		0.608				1.9		0.409

		2		0.617				2		0.419

		2.2		0.634				2.2		0.438

		2.4		0.648				2.4		0.455

		2.6		0.661				2.6		0.47

		2.8		0.673				2.8		0.484

		3		0.683				3		0.497

		3.5		0.705				3.5		0.525

		4		0.724				4		0.549

		4.5		0.739				4.5		0.569

		5		0.752				5		0.587

		5.5		0.763				5.5		0.603

		6		0.773				6		0.616

		7		0.789				7		0.64

		8		0.803				8		0.659

		9		0.814				9		0.676

		10		0.823				10		0.69

		15		0.855				15		0.74

		20		0.874				20		0.772

		30		0.897				30		0.81

		50		0.92				50		0.85

		100		0.944				100		0.892

		600		0.977				600		0.955
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&CPage &P&RTABLE 3-1  STREAM DEPLETION

Arbitrary Start Date of August 17 
and Shut down on  
is for illustrative purposes only

Interception Rate(right axis)

Augmentation Rate (left axis)

Time (Days)

Interception Rate (gpm)

Augmentation Rate (cfs)

Stream Augmentation From Groundwater Pumping

429.1953007998

3.5028944792

576.1501247432

3.1751852218

648.0768683633

3.0147885835

692.6327840936

2.9154288915

723.6736106352

2.8462078483

746.8856336975

2.7944450369

765.0871934989

2.7538555585

779.8546180396

2.7209242018

792.1473918411

2.6935113162

802.5873486648

2.6702302125

811.5975090975

2.6501375547

819.4769767958

2.6325663417

826.4440101829

2.6170298573

832.6621063642

2.6031635028

838.2564863983

2.5906880353

843.3248948885

2.5793854844

847.9448948031

2.5690828846

852.1789269071

2.559640993

856.0779006763

2.5509462815

859.6837953483

2.5429051364

863.0315774273

2.5354395823

866.1506390985

2.5284840748

869.0658905716

2.521983064

871.7986022669

2.5158891169

874.3670612227

2.5101614535

876.7870883878

2.5047647929

879.0724503534

2.4996684357

881.235190069

2.4948455261

883.2858947352

2.4902724547

885.2339145034

-1.9740716293

457.8922415167

-1.0210996986

312.7040380493

-0.6973300048

242.4635078968

-0.5406936226

199.5193186084

-0.4449280805

170.0210587063

-0.3791469609

148.2872511346

-0.33068057

131.5039089049

-0.2932537169

118.0986558203

-0.2633600025

107.1156041076

-0.2388677972

97.9362016877

-0.2183977298

90.1404292087

-0.2010131571

83.4319338817

-0.1860532126

77.5949840124

-0.1730368143

72.4684080321

-0.1616045499

67.9291293664

-0.1514819585

60.2494441694

-0.1343562605

54.0014219498

-0.1204231709

48.8211930126

-0.1088712604

44.4593744065

-0.0991444049

40.7389732048

-0.0908479102

37.5307172529

-0.0836934995

34.7378939393

-0.0774655035

32.2866578626

-0.071999247

30.1196247392

-0.0671667632

28.1915148965

-0.0628670782

26.4661165621

-0.0590194399

24.9141229284

-0.0555584941

23.5115619543

-0.0524307832

22.2386370051

-0.0495921605

21.0788577656

-0.0470058528

20.0183797975

-0.0446409869

19.0454964132

-0.042471457

18.1502433176

-0.0404750426

17.3240878138

-0.0386327158

16.559682172

-0.0369280912

15.8506662066

-0.0353469856

15.1915079711

-0.0338770628

14.5773742501

-0.0325075446

14.0040245439

-0.0312289747

13.4677237222

-0.0300330239

12.9651696246

-0.0289123283

12.4934327089

-0.0278603549

12.0499054758

-0.0268712892



Time-Interception

						King County DNR  : Sammammish Groundwater Study

						Preliminary Augmentation Analysis

						Calculation of stream depletion/augmentation rate during pumping

						9-Dec-01

						Using Jenkins, C. T., 1970

						Computation of Rate and Volume of Stream Depletion by Wells.

						Techniques of Water Resources Investigations of the United States Geological Survey

						Aquifer Properties						Data Source

						Transmissivity (T)		100,000		ft^2/d		Mazama Test Well (EMCON, 1991)

						Storativity (S)		0.25				Professional Judgement

						Distance to river (a)		1000		ft		USGS Topographic Map

						Proposed Max Pump Rate		2000		gpm

						% Returned to River		100%

						Net Pumping Rate (Q)		2000		gpm

						Pumping Amount		9		acre-ft/day

						River Augmentation Rate		4.5		cfs

						Streambed Correction Factor		50%				per Spalding and Khaleel, 1991

						Pumping Duration		60		days

						Total Quantity Pumped		530		acre-feet

						Dimesionless time factor		96

						Chart Parameters in Column X and AA

								Streamflow Loss During Pumping																				Streamflow loss following pumping stopped

														Depletion												Depletion								Depletion												Depletion		Depletion		Depletion		Pumping		Augmentation

								a^2/(S*T)						Rate												Quantity		a^2/(S*T)						Rate												Quantity		Rate		Amount		Rate		Rate

				Date		time tp (days)		sdf		tp/sdf		q/Q		q1 (gpm)		(sdf/2t)+1		erfc(sqrt(sdf/4t))		sqrt(sdf/4t)*(2/sqrt(pi))		exp(-sdf/4t)		v/Qt		v (acre-feet)		sdf		tp/sdf		q/Q		q2 (gpm)		(sdf/2t)+1		erfc(sqrt(sdf/4t))		sqrt(sdf/4t)*(2/sqrt(pi))		exp(-sdf/4t)		v/Qt		v (acre-feet)		(gpm)		v1-v2 (acre-feet)		(gpm)		(gpm)

																												Recovery Phase

		0		15-Aug		0

		2		17-Aug		2		2.5		0.8		0.429		429.1953007998		1.625		0.4291953008		0.6307833969		0.7316156289		0.2359513721		2.0855736257		2.5		0		0.000		0		0.9784482759		0		0		1.0108341308		0		0		429.20		2.08557		2000		3.50

		4		19-Aug		4		2.5		1.6		0.576		576.1501247432		1.3125		0.5761501247		0.4460312174		0.8553453273		0.3746863211		6.6237030288		2.5		0		0.000		0		0.9776785714		0		0		1.0112232274		0		0		576.15		6.62370		2000		3.18

		6		21-Aug		6		2.5		2.4		0.648		648.0768683633		1.2083333333		0.6480768684		0.364182964		0.9010751057		0.4549366798		12.0635527418		2.5		0		0.000		0		0.9768518519		0		0		1.0116413128		0		0		648.08		12.06355		2000		3.01

		8		23-Aug		8		2.5		3.2		0.693		692.6327840936		1.15625		0.6926327841		0.3153916985		0.9248488132		0.5091670186		18.0021043389		2.5		0		0.000		0		0.9759615385		0		0		1.012091752		0		0		692.63		18.00210		2000		2.92

		10		25-Aug		10		2.5		4		0.724		723.6736106352		1.125		0.7236736106		0.2820949109		0.9394130628		0.5491291677		24.2687571353		2.5		0		0.000		0		0.975		0		0		1.0125784515		0		0		723.67		24.26876		2000		2.85

		12		27-Aug		12		2.5		4.8		0.747		746.8856336975		1.1041666667		0.7468856337		0.2575162434		0.9492497594		0.5802389884		30.7723863569		2.5		0		0.000		0		0.9739583333		0		0		1.0131059735		0		0		746.89		30.77239		2000		2.79

		14		29-Aug		14		2.5		5.6		0.765		765.0871934989		1.0892857143		0.7650871935		0.2384137142		0.9563389705		0.6053942241		37.4575469003		2.5		0		0.000		0		0.972826087		0		0		1.0136796787		0		0		765.09		37.45755		2000		2.75

		16		31-Aug		16		2.5		6.4		0.780		779.8546180396		1.078125		0.779854618		0.2230156087		0.9616906016		0.6263087452		44.2875322523		2.5		0		0.000		0		0.9715909091		0		0		1.0143059094		0		0		779.85		44.28753		2000		2.72

		18		2-Sep		18		2.5		7.2		0.792		792.1473918411		1.0694444444		0.7921473918		0.2102611323		0.9658736772		0.6440719343		51.2365528717		2.5		0		0.000		0		0.9702380952		0		0		1.014992225		0		0		792.15		51.23655		2000		2.69

		20		4-Sep		20		2.5		8		0.803		802.5873486648		1.0625		0.8025873487		0.1994712244		0.9692332345		0.6594149179		58.2856691478		2.5		0		0.000		0		0.96875		0		0		1.0157477086		0		0		802.59		58.28567		2000		2.67

		22		6-Sep		22		2.5		8.8		0.812		811.5975090975		1.0568181818		0.8115975091		0.1901883501		0.9719906529		0.6728497053		65.4204866606		2.5		0		0.000		0		0.9671052632		0		0		1.016583371		0		0		811.60		65.42049		2000		2.65

		24		8-Sep		24		2.5		9.6		0.819		819.4769767958		1.0520833333		0.8194769768		0.182091482		0.9742944932		0.6847473412		72.6297617365		2.5		0		0.000		0		0.9652777778		0		0		1.0175126911		0		0		819.48		72.62976		2000		2.63

		26		10-Sep		26		2.5		10.4		0.826		826.4440101829		1.0480769231		0.8264440102		0.174947837		0.976248161		0.6953843911		79.9045130559		2.5		0		0.000		0		0.9632352941		0		0		1.0185523484		0		0		826.44		79.90451		2000		2.62

		28		12-Sep		28		2.5		11.2		0.833		832.6621063642		1.0446428571		0.8326621064		0.168583954		0.9779258512		0.7049719151		87.2374314851		2.5		0		0.000		0		0.9609375		0		0		1.0197232327		0		0		832.66		87.23743		2000		2.60

		30		14-Sep		30		2.5		12		0.838		838.2564863983		1.0416666667		0.8382564864		0.1628675728		0.9793821813		0.7136742413		94.6224742116		2.5		0		0.000		0		0.9583333333		0		0		1.0210518621		0		0		838.26		94.62247		2000		2.59

		32		16-Sep		32		2.5		12.8		0.843		843.3248948885		1.0390625		0.8433248949		0.1576958492		0.9806582491		0.7216215382		102.0545773734		2.5		0		0.000		0		0.9553571429		0		0		1.0225724156		0		0		843.32		102.05458		2000		2.58

		34		18-Sep		34		2.5		13.6		0.848		847.9448948031		1.0367647059		0.8479448948		0.1529874454		0.981785572		0.7289184728		109.52944746		2.5		0		0.000		0		0.9519230769		0		0		1.0243297144		0		0		847.94		109.52945		2000		2.57

		36		20-Sep		36		2.5		14.4		0.852		852.1789269071		1.0347222222		0.8521789269		0.1486770725		0.9827887246		0.7356503225		117.0434066013		2.5		0		0.000		0		0.9479166667		0		0		1.0263837136		0		0		852.18		117.04341		2000		2.56

		38		22-Sep		38		2.5		15.2		0.856		856.0779006763		1.0328947368		0.8560779007		0.1447116359		0.983687151		0.7418873811		124.5932756489		2.5		0		0.000		0		0.9431818182		0		0		1.0288164778		0		0		856.08		124.59328		2000		2.55

		40		24-Sep		40		2.5		16		0.860		859.6837953483		1.03125		0.8596837953		0.1410474555		0.984496437		0.7476881966		132.1762843697		2.5		0		0.000		0		0.9375		0		0		1.0317434075		0		0		859.68		132.17628		2000		2.54

		42		26-Sep		42		2.5		16.8		0.863		863.0315774273		1.0297619048		0.8630315774		0.1376482221		0.9852292218		0.7531019903		139.7900012984		2.5		0		0.000		0		0.9305555556		0		0		1.0353320766		0		0		863.03		139.79000		2000		2.54

		44		28-Sep		44		2.5		17.6		0.866		866.1506390985		1.0284090909		0.8661506391		0.1344834721		0.9858958631		0.7581704926		147.4322785724		2.5		0		0.000		0		0.921875		0		0		1.0398354713		0		0		866.15		147.43228		2000		2.53

		46		30-Sep		46		2.5		18.4		0.869		869.0658905716		1.027173913		0.8690658906		0.1315274304		0.9865049296		0.762929353		155.1012075847		2.5		0		0.000		0		0.9107142857		0		0		1.0456543452		0		0		869.07		155.10121		2000		2.52

		48		2-Oct		48		2.5		19.2		0.872		871.7986022669		1.0260416667		0.8717986023		0.1287581217		0.987063571		0.7674092395		162.7950832793		2.5		0		0.000		0		0.8958333333		0		0		1.0534635275		0		0		871.80		162.79508		2000		2.52

		50		4-Oct		50		2.5		20		0.874		874.3670612227		1.025		0.8743670612		0.1261566794		0.9875778005		0.7716367018		170.5123749972		2.5		0		0.000		0		0.875		0		0		1.0644944589		0		0		874.37		170.51237		2000		2.51

		52		6-Oct		52		2.5		20.8		0.877		876.7870883878		1.0240384615		0.8767870884		0.1237068019		0.9880527117		0.77563486		178.2517024817		2.5		0		0.000		0		0.84375		0		0		1.0812578074		0		0		876.79		178.25170		2000		2.50

		54		8-Oct		54		2.5		21.6		0.879		879.0724503534		1.0231481481		0.8790724504		0.1213943213		0.9884926479		0.7794239555		186.0118159674		2.5		0		0.000		0		0.7916666667		0		0		1.1097854037		0		0		879.07		186.01182		2000		2.50

		56		10-Oct		56		2.5		22.4		0.881		881.235190069		1.0223214286		0.8812351901		0.1192068571		0.9889013354		0.7830217982		193.7915795359		2.5		0		0.000		0		0.6875		0		0		1.1691184462		0		0		881.24		193.79158		2000		2.49

		58		12-Oct		58		2.5		23.2		0.883		883.2858947352		1.0215517241		0.8832858947		0.1171335362		0.9892819895		0.7864441309		201.5899571052		2.5		0		0.000		0		0.375		0		0		1.3668379412		0		0		883.29		201.58996		2000		2.49

		1		14-Oct		60		2.5		24		0.885		885.2339145034		1.0208333333		0.8852339145		0.1151647651		0.9896373989		0.7897049291		209.4060005606		2.5		0		0.000		0		0		0		0		0		0		0		885.23		209.40600		0		-1.97

		3		16-Oct		62		2.5		24.8		0.887		887.0875423165		1.0201612903		0.8870875423		0.1132920425		0.9899699942		0.7928166491		217.2388396413		2.5		0.8		0.429		429.1953007998		1.625		0.4291953008		0.6307833969		0.7316156289		-0.2359513721		-2.0855736257		457.89		215.15327		0		-1.02

		5		18-Oct		64		2.5		25.6		0.889		888.8541627924		1.01953125		0.8888541628		0.1115078044		0.9902819039		0.7957904349		225.0876732734		2.5		1.6		0.576		576.1501247432		1.3125		0.5761501247		0.4460312174		0.8553453273		-0.3746863211		-6.6237030288		312.70		218.46397		0		-0.70

		7		20-Oct		66		2.5		26.4		0.891		890.5403762601		1.0189393939		0.8905403763		0.1098052951		0.9905749994		0.7986362911		232.9517621062		2.5		2.4		0.648		648.0768683633		1.2083333333		0.6480768684		0.364182964		0.9010751057		-0.4549366798		-12.0635527418		242.46		220.88821		0		-0.54

		9		22-Oct		68		2.5		27.2		0.892		892.152102702		1.0183823529		0.8921521027		0.1081784601		0.9908509333		0.8013632294		240.8304220525		2.5		3.2		0.693		692.6327840936		1.15625		0.6926327841		0.3153916985		0.9248488132		-0.5091670186		-18.0021043389		199.52		222.82832		0		-0.44

		11		24-Oct		70		2.5		28		0.894		893.6946693415		1.0178571429		0.8936946693		0.1066218543		0.9911111699		0.8039793919		248.7230186727		2.5		4		0.724		723.6736106352		1.125		0.7236736106		0.2820949109		0.9394130628		-0.5491291677		-24.2687571353		170.02		224.45426		0		-0.38

		13		26-Oct		72		2.5		28.8		0.895		895.1728848321		1.0173611111		0.8951728848		0.1051305662		0.9913570117		0.8064921569		256.6289622726		2.5		4.8		0.747		746.8856336975		1.1041666667		0.7468856337		0.2575162434		0.9492497594		-0.5802389884		-30.7723863569		148.29		225.85658		0		-0.33

		15		28-Oct		74		2.5		29.6		0.897		896.5911024039		1.0168918919		0.8965911024		0.1037001517		0.9915896209		0.8089082283		264.5477036059		2.5		5.6		0.765		765.0871934989		1.0892857143		0.7650871935		0.2384137142		0.9563389705		-0.6053942241		-37.4575469003		131.50		227.09016		0		-0.29

		17		30-Oct		76		2.5		30.4		0.898		897.95327386		1.0164473684		0.8979532739		0.1023265791		0.9918100378		0.8112337139		272.4787300938		2.5		6.4		0.780		779.8546180396		1.078125		0.779854618		0.2230156087		0.9616906016		-0.6263087452		-44.2875322523		118.10		228.19120		0		-0.26

		19		1-Nov		78		2.5		31.2		0.899		899.2629959487		1.016025641		0.8992629959		0.1010061808		0.9920191966		0.8134741916		280.4215624864		2.5		7.2		0.792		792.1473918411		1.0694444444		0.7921473918		0.2102611323		0.9658736772		-0.6440719343		-51.2365528717		107.12		229.18501		0		-0.24

		21		3-Nov		80		2.5		32		0.901		900.5235503525		1.015625		0.9005235504		0.0997356122		0.9922179383		0.8156347673		288.3757519059		2.5		8		0.803		802.5873486648		1.0625		0.8025873487		0.1994712244		0.9692332345		-0.6594149179		-58.2856691478		97.94		230.09008		0		-0.22

		23		5-Nov		82		2.5		32.8		0.902		901.7379383062		1.0152439024		0.9017379383		0.098511816		0.9924070222		0.8177201255		296.3408772179		2.5		8.8		0.812		811.5975090975		1.0568181818		0.8115975091		0.1901883501		0.9719906529		-0.6728497053		-65.4204866606		90.14		230.92039		0		-0.20

		25		7-Nov		84		2.5		33.6		0.903		902.9089106775		1.0148809524		0.9029089107		0.0973319912		0.9925871356		0.8197345728		304.3165426891		2.5		9.6		0.819		819.4769767958		1.0520833333		0.8194769768		0.182091482		0.9742944932		-0.6847473412		-72.6297617365		83.43		231.68678		0		-0.19

		27		9-Nov		86		2.5		34.4		0.904		904.0389941952		1.0145348837		0.9040389942		0.0961935662		0.9927589021		0.8216820767		312.3023758921		2.5		10.4		0.826		826.4440101829		1.0480769231		0.8264440102		0.174947837		0.976248161		-0.6953843911		-79.9045130559		77.59		232.39786		0		-0.17

		29		11-Nov		88		2.5		35.2		0.905		905.1305143963		1.0142045455		0.9051305144		0.0950941751		0.9929228888		0.8235662989		320.2980258286		2.5		11.2		0.833		832.6621063642		1.0446428571		0.8326621064		0.168583954		0.9779258512		-0.7049719151		-87.2374314851		72.47		233.06059		0		-0.16

		31		13-Nov		90		2.5		36		0.906		906.1856157647		1.0138888889		0.9061856158		0.094031637		0.9930796125		0.8253906255		328.3031612415		2.5		12		0.838		838.2564863983		1.0416666667		0.8382564864		0.1628675728		0.9793821813		-0.7136742413		-94.6224742116		67.93		233.68069		0		-0.15

		35		17-Nov		94		2.5		37.6		0.908		908.1943389726		1.0132978723		0.908194339		0.0920092148		0.9933731191		0.8288719106		344.3406532004		2.5		13.6		0.848		847.9448948031		1.0367647059		0.8479448948		0.1529874454		0.981785572		-0.7289184728		-109.52944746		60.25		234.81121		0		-0.13

		39		21-Nov		98		2.5		39.2		0.910		910.0793226261		1.012755102		0.9100793226		0.0901119138		0.9936427424		0.8321484281		360.4125423151		2.5		15.2		0.856		856.0779006763		1.0328947368		0.8560779007		0.1447116359		0.983687151		-0.7418873811		-124.5932756489		54.00		235.81927		0		-0.12

		43		25-Nov		102		2.5		40.8		0.912		911.8527704399		1.012254902		0.9118527704		0.0883273428		0.9938912836		0.8352396606		376.5167516001		2.5		16.8		0.863		863.0315774273		1.0297619048		0.8630315774		0.1376482221		0.9852292218		-0.7531019903		-139.7900012984		48.82		236.72675		0		-0.11

		47		29-Nov		106		2.5		42.4		0.914		913.5252649781		1.0117924528		0.913525265		0.0866447631		0.9941211222		0.8381625794		392.6514050403		2.5		18.4		0.869		869.0658905716		1.027173913		0.8690658906		0.1315274304		0.9865049296		-0.762929353		-155.1012075847		44.46		237.55020		0		-0.10

		51		3-Dec		110		2.5		44		0.915		915.1060344275		1.0113636364		0.9151060344		0.0850548159		0.9943342928		0.8409320464		408.814801376		2.5		20		0.874		874.3670612227		1.025		0.8743670612		0.1261566794		0.9875778005		-0.7716367018		-170.5123749972		40.74		238.30243		0		-0.09

		55		7-Dec		114		2.5		45.6		0.917		916.6031676063		1.0109649123		0.9166031676		0.083549302		0.9945325451		0.843561141		425.0053921287		2.5		21.6		0.879		879.0724503534		1.0231481481		0.8790724504		0.1213943213		0.9884926479		-0.7794239555		-186.0118159674		37.53		238.99358		0		-0.08

		59		11-Dec		118		2.5		47.2		0.918		918.0237886745		1.0105932203		0.9180237887		0.0821210035		0.9947173921		0.8460614265		441.221763055		2.5		23.2		0.883		883.2858947352		1.0215517241		0.8832858947		0.1171335362		0.9892819895		-0.7864441309		-201.5899571052		34.74		239.63181		0		-0.08

		63		15-Dec		122		2.5		48.8		0.919		919.3742001791		1.0102459016		0.9193742002		0.0807635381		0.9948901491		0.8484431694		457.4626183994		2.5		24.8		0.887		887.0875423165		1.0201612903		0.8870875423		0.1132920425		0.9899699942		-0.7928166491		-217.2388396413		32.29		240.22378		0		-0.07

		67		19-Dec		126		2.5		50.4		0.921		920.6600009994		1.0099206349		0.920660001		0.0794712381		0.9950519646		0.8507155212		473.7267674457		2.5		26.4		0.891		890.5403762601		1.0189393939		0.8905403763		0.1098052951		0.9905749994		-0.7986362911		-232.9517621062		30.12		240.77501		0		-0.07

		71		23-Dec		130		2.5		52		0.922		921.8861842381		1.0096153846		0.9218861842		0.0782390512		0.9952038461		0.8528866698		490.0131129684		2.5		28		0.894		893.6946693415		1.0178571429		0.8936946693		0.1066218543		0.9911111699		-0.8039793919		-248.7230186727		28.19		241.29009		0		-0.06

		75		27-Dec		134		2.5		53.6		0.923		923.057218966		1.0093283582		0.923057219		0.0770624571		0.9953466813		0.8549639664		506.3206412684		2.5		29.6		0.897		896.5911024039		1.0168918919		0.8965911024		0.1037001517		0.9915896209		-0.8089082283		-264.5477036059		26.47		241.77294		0		-0.06

		79		31-Dec		138		2.5		55.2		0.924		924.1771188771		1.009057971		0.9241771189		0.0759373973		0.9954812549		0.8569540328		522.648413533		2.5		31.2		0.899		899.2629959487		1.016025641		0.8992629959		0.1010061808		0.9920191966		-0.8134741916		-280.4215624864		24.91		242.22685		0		-0.06

		83		4-Jan		142		2.5		56.8		0.925		925.2495002605		1.0088028169		0.9252495003		0.0748602166		0.9956082636		0.858862852		538.9955583122		2.5		32.8		0.902		901.7379383062		1.0152439024		0.9017379383		0.098511816		0.9924070222		-0.8177201255		-296.3408772179		23.51		242.65468		0		-0.05

		87		8-Jan		146		2.5		58.4		0.926		926.2776312004		1.0085616438		0.9262776312		0.0738276124		0.9957283277		0.8606958453		555.3612649406		2.5		34.4		0.904		904.0389941952		1.0145348837		0.9040389942		0.0961935662		0.9927589021		-0.8216820767		-312.3023758921		22.24		243.05889		0		-0.05

		91		12-Jan		150		2.5		60		0.927		927.2644735303		1.0083333333		0.9272644735		0.0728365928		0.9958420018		0.8624579391		571.7447777616		2.5		36		0.906		906.1856157647		1.0138888889		0.9061856158		0.094031637		0.9930796125		-0.8253906255		-328.3031612415		21.08		243.44162		0		-0.05

		95		16-Jan		154		2.5		61.6		0.928		928.21271877		1.0081168831		0.9282127188		0.0718844395		0.9959497828		0.864153621		588.1453910399		2.5		37.6		0.908		908.1943389726		1.0132978723		0.908194339		0.0920092148		0.9933731191		-0.8288719106		-344.3406532004		20.02		243.80474		0		-0.04

		99		20-Jan		158		2.5		63.2		0.929		929.1248190393		1.0079113924		0.929124819		0.0709686768		0.9960521173		0.8657869893		604.5624444622		2.5		39.2		0.910		910.0793226261		1.012755102		0.9100793226		0.0901119138		0.9936427424		-0.8321484281		-360.4125423151		19.05		244.14990		0		-0.04

		103		24-Jan		162		2.5		64.8		0.930		930.0030137575		1.0077160494		0.9300030138		0.0700870441		0.9961494079		0.8673617955		620.9953191475		2.5		40.8		0.912		911.8527704399		1.012254902		0.9118527704		0.0883273428		0.9938912836		-0.8352396606		-376.5167516001		18.15		244.47857		0		-0.04

		107		28-Jan		166		2.5		66.4		0.931		930.8493527919		1.0075301205		0.9308493528		0.0692374728		0.9962420187		0.8688814809		637.443434096		2.5		42.4		0.914		913.5252649781		1.0117924528		0.913525265		0.0866447631		0.9941211222		-0.8381625794		-392.6514050403		17.32		244.79203		0		-0.04

		111		1-Feb		170		2.5		68		0.932		931.6657165995		1.0073529412		0.9316657166		0.0684180655		0.9963302794		0.8703492095		653.9062430202		2.5		44		0.915		915.1060344275		1.0113636364		0.9151060344		0.0850548159		0.9943342928		-0.8409320464		-408.814801376		16.56		245.09144		0		-0.04

		115		5-Feb		174		2.5		69.6		0.932		932.4538338128		1.007183908		0.9324538338		0.0676270787		0.9964144893		0.8717678954		670.3832315092		2.5		45.6		0.917		916.6031676063		1.0109649123		0.9166031676		0.083549302		0.9945325451		-0.843561141		-425.0053921287		15.85		245.37784		0		-0.04

		119		9-Feb		178		2.5		71.2		0.933		933.2152966456		1.0070224719		0.9332152966		0.0668629063		0.9964949212		0.8731402283		686.8739144839		2.5		47.2		0.918		918.0237886745		1.0105932203		0.9180237887		0.0821210035		0.9947173921		-0.8460614265		-441.221763055		15.19		245.65215		0		-0.03

		123		13-Feb		182		2.5		72.8		0.934		933.9515744292		1.0068681319		0.9339515744		0.066124067		0.9965718237		0.8744686949		703.3778339074		2.5		48.8		0.919		919.3742001791		1.0102459016		0.9193742002		0.0807635381		0.9948901491		-0.8484431694		-457.4626183994		14.58		245.91522		0		-0.03

		127		17-Feb		186		2.5		74.4		0.935		934.6640255433		1.0067204301		0.9346640255		0.0654091912		0.9966454242		0.8757555987		719.8945567205		2.5		50.4		0.921		920.6600009994		1.0099206349		0.920660001		0.0794712381		0.9950519646		-0.8507155212		-473.7267674457		14.00		246.16779		0		-0.03

		131		21-Feb		190		2.5		76		0.935		935.3539079603		1.0065789474		0.935353908		0.064717011		0.9967159307		0.8770030762		736.4236729753		2.5		52		0.922		921.8861842381		1.0096153846		0.9218861842		0.0782390512		0.9952038461		-0.8528866698		-490.0131129684		13.47		246.41056		0		-0.03

		135		25-Feb		194		2.5		77.6		0.936		936.0223885906		1.006443299		0.9360223886		0.0640463503		0.9967835345		0.8782131133		752.9647941445		2.5		53.6		0.923		923.057218966		1.0093283582		0.923057219		0.0770624571		0.9953466813		-0.8549639664		-506.3206412684		12.97		246.64415		0		-0.03

		139		1-Mar		198		2.5		79.2		0.937		936.670551586		1.0063131313		0.9366705516		0.0633961167		0.9968484111		0.8793875576		769.5175515864		2.5		55.2		0.924		924.1771188771		1.009057971		0.9241771189		0.0759373973		0.9954812549		-0.8569540328		-522.648413533		12.49		246.86914		0		-0.03

		143		5-Mar		202		2.5		80.8		0.937		937.2994057363		1.0061881188		0.9372994057		0.0627652939		0.9969107223		0.8805281314		786.0815951484		2.5		56.8		0.925		925.2495002605		1.0088028169		0.9252495003		0.0748602166		0.9956082636		-0.858862852		-538.9955583122		12.05		247.08604		0		-0.03

				20-Aug		370		2.5		148		0.954		953.6500013517		1.0033783784		0.9536500014		0.0463761177		0.9983122367		0.9105739461		1488.9837807384		2.5		124		0.949		949.3683086852		1.0040322581		0.9493683087		0.0506657417		0.997985902		-0.9026327108		-1236.6471045552		4.28		252.33668		1485		3.30

				25-Aug		375		2.5		150		0.954		953.959692775		1.0033333333		0.9539596928		0.0460659061		0.9983347215		0.9111503649		1510.0604890145		2.5		126		0.950		949.7712193668		1.003968254		0.9497712194		0.0502620242		0.9980178401		-0.903377756		-1257.6302344024		4.19		252.43025		1529		3.40

				30-Aug		380		2.5		152		0.954		954.2632583294		1.0032894737		0.9542632583		0.0457618373		0.998356615		0.9117156492		1531.1439726377		2.5		128		0.950		950.1646619448		1.00390625		0.9501646619		0.0498678061		0.9980487811		-0.9041057395		-1278.6221622662		4.10		252.52181		1573		3.50

				4-Sep		385		2.5		154		0.955		954.5608973427		1.0032467532		0.9545608973		0.0454637114		0.9983779403		0.9122701544		1552.2340984608		2.5		130		0.951		950.5490015252		1.0038461538		0.9505490015		0.0494827208		0.998078771		-0.9048173061		-1299.6226829962		4.01		252.61142		1618		3.60

				9-Sep		390		2.5		156		0.955		954.8528001793		1.0032051282		0.9548528002		0.0451713373		0.9983987193		0.9128142205		1573.3307376416		2.5		132		0.951		950.9245838026		1.0037878788		0.9509245838		0.0491064208		0.998107853		-0.9055130666		-1320.631599293		3.93		252.69914		1662		3.70

				14-Sep		395		2.5		158		0.955		955.1391487516		1.003164557		0.9551391488		0.0448845322		0.9984189727		0.9133481724		1594.4337654497		2.5		134		0.951		951.291736367		1.0037313433		0.9512917364		0.0487385773		0.9981360676		-0.9061936005		-1341.6487212935		3.85		252.78504		1706		3.80

				19-Sep		400		2.5		160		0.955		955.4201169965		1.003125		0.955420117		0.0446031217		0.9984387201		0.9138723211		1615.543061086		2.5		136		0.952		951.6507699051		1.0036764706		0.9516507699		0.0483788781		0.9981634532		-0.9068594579		-1362.6738661852		3.77		252.86919		1750		3.89

				24-Sep		405		2.5		162		0.956		955.6958713193		1.0030864198		0.9556958713		0.0443269388		0.9984579803		0.9143869642		1636.6585075107		2.5		138		0.952		952.0019793056		1.0036231884		0.9520019793		0.048027027		0.9981900457		-0.9075111615		-1383.706857844		3.69		252.95165		1794		3.99

				29-Sep		410		2.5		164		0.956		955.9665710082		1.0030487805		0.955966571		0.0440558234		0.998476771		0.9148923869		1657.7799912819		2.5		140		0.952		952.3456446768		1.0035714286		0.9523456447		0.0476827428		0.9982158792		-0.9081492081		-1404.7475264973		3.62		253.03246		1839		4.09

				4-Oct		415		2.5		166		0.956		956.2323686206		1.0030120482		0.9562323686		0.0437896227		0.9984951094		0.9153888625		1678.9074024023		2.5		142		0.953		952.6820322857		1.0035211268		0.9526820323		0.0473457581		0.9982409855		-0.9087740703		-1425.7957084075		3.55		253.11169		1883		4.19

				9-Oct		420		2.5		168		0.956		956.4934103445		1.0029761905		0.9564934103		0.0435281898		0.9985130114		0.9158766531		1700.040634175		2.5		144		0.953		953.0113954258		1.0034722222		0.9530113954		0.0470158185		0.9982653951		-0.9093861982		-1446.8512455759		3.48		253.18939		1927		4.29

				14-Oct		425		2.5		170		0.957		956.7498363365		1.0029411765		0.9567498363		0.043271384		0.9985304925		0.91635601		1721.1795830661		2.5		146		0.953		953.3339752177		1.0034246575		0.9533339752		0.0466926819		0.9982891364		-0.9099860205		-1467.9139854652		3.42		253.26560		1971		4.39

				19-Oct		430		2.5		172		0.957		957.001781038		1.0029069767		0.957001781		0.0430190706		0.9985475674		0.9168271746		1742.3241485752		2.5		148		0.954		953.6500013517		1.0033783784		0.9536500014		0.0463761177		0.9983122367		-0.9105739461		-1488.9837807384		3.35		253.34037		2015		4.49

				24-Oct		435		2.5		174		0.957		957.2493734711		1.0028735632		0.9572493735		0.04277112		0.9985642501		0.9172903787		1763.4742331121		2.5		150		0.954		953.959692775		1.0033333333		0.9539596928		0.0460659061		0.9983347215		-0.9111503649		-1510.0604890145		3.29		253.41374		2059		4.59

				29-Oct		440		2.5		176		0.957		957.4927375167		1.0028409091		0.9574927375		0.0425274079		0.9985805538		0.9177458448		1784.6297418805		2.5		152		0.954		954.2632583294		1.0032894737		0.9542632583		0.0457618373		0.998356615		-0.9117156492		-1531.1439726377		3.23		253.48577		2104		4.68

				3-Nov		445		2.5		178		0.958		957.7319921746		1.0028089888		0.9577319922		0.042287815		0.9985964915		0.9181937869		1805.7905827674		2.5		154		0.955		954.5608973427		1.0032467532		0.9545608973		0.0454637114		0.9983779403		-0.9122701544		-1552.2340984608		3.17		253.55648		2148		4.78

				8-Nov		450		2.5		180		0.958		957.9672518083		1.0027777778		0.9579672518		0.0420522265		0.9986120752		0.9186344108		1826.9566662372		2.5		156		0.955		954.8528001793		1.0032051282		0.9548528002		0.0451713373		0.9983987193		-0.9128142205		-1573.3307376416		3.11		253.62593		2192		4.88

				13-Nov		455		2.5		182		0.958		958.1986263743		1.0027472527		0.9581986264		0.041820532		0.9986273166		0.9190679145		1848.1279052328		2.5		158		0.955		955.1391487516		1.003164557		0.9551391488		0.0448845322		0.9984189727		-0.9133481724		-1594.4337654497		3.06		253.69414		2236		4.98

				18-Nov		460		2.5		184		0.958		958.4262216386		1.0027173913		0.9584262216		0.0415926255		0.998642227		0.9194944886		1869.3042150801		2.5		160		0.955		955.4201169965		1.003125		0.955420117		0.0446031217		0.9984387201		-0.9138723211		-1615.543061086		3.01		253.76115		2280		5.08

				23-Nov		465		2.5		186		0.959		958.6501393791		1.002688172		0.9586501394		0.0413684048		0.9986568169		0.9199143164		1890.4855133975		2.5		162		0.956		955.6958713193		1.0030864198		0.9556958713		0.0443269388		0.9984579803		-0.9143869642		-1636.6585075107		2.95		253.82701		2325		5.18

				28-Nov		470		2.5		188		0.959		958.8704775778		1.0026595745		0.9588704776		0.0411477718		0.9986710965		0.9203275747		1911.6717200105		2.5		164		0.956		955.9665710082		1.0030487805		0.955966571		0.0440558234		0.998476771		-0.9148923869		-1657.7799912819		2.90		253.89173		2369		5.28

				3-Dec		475		2.5		190		0.959		959.0873306		1.0026315789		0.9590873306		0.0409306316		0.9986850758		0.9207344337		1932.8627568691		2.5		166		0.956		956.2323686206		1.0030120482		0.9562323686		0.0437896227		0.9984951094		-0.9153888625		-1678.9074024023		2.85		253.95535		2413		5.37

				8-Dec		480		2.5		192		0.959		959.3007893649		1.0026041667		0.9593007894		0.0407168932		0.998698764		0.9211350576		1954.0585479706		2.5		168		0.956		956.4934103445		1.0029761905		0.9564934103		0.0435281898		0.9985130114		-0.9158766531		-1700.040634175		2.81		254.01791		2457		5.47

				13-Dec		485		2.5		194		0.960		959.5109415049		1.0025773196		0.9595109415		0.0405064686		0.9987121702		0.9215296047		1975.2590192843		2.5		170		0.957		956.7498363365		1.0029411765		0.9567498363		0.043271384		0.9985304925		-0.91635601		-1721.1795830661		2.76		254.07944		2501		5.57

				18-Dec		490		2.5		196		0.960		959.7178715179		1.0025510204		0.9597178715		0.040299273		0.9987253029		0.9219182278		1996.4640986814		2.5		172		0.957		957.001781038		1.0029069767		0.957001781		0.0430190706		0.9985475674		-0.9168271746		-1742.3241485752		2.72		254.13995		2546		5.67

				23-Dec		495		2.5		198		0.960		959.921660909		1.0025252525		0.9599216609		0.0400952247		0.9987381705		0.9223010741		2017.6737158669		2.5		174		0.957		957.2493734711		1.0028735632		0.9572493735		0.04277112		0.9985642501		-0.9172903787		-1763.4742331121		2.67		254.19948		2590		5.77

				28-Dec		500		2.5		200		0.960		960.1223883258		1.0025		0.9601223883		0.0398942449		0.9987507809		0.9226782861		2038.887802315		2.5		176		0.957		957.4927375167		1.0028409091		0.9574927375		0.0425274079		0.9985805538		-0.9177458448		-1784.6297418805		2.63		254.25806		2634		5.87

				2-Jan		505		2.5		202		0.960		960.3201296863		1.0024752475		0.9603201297		0.0396962573		0.9987631418		0.923050001		2060.1062912073		2.5		178		0.958		957.7319921746		1.0028089888		0.9577319922		0.042287815		0.9985964915		-0.9181937869		-1805.7905827674		2.59		254.31571		2678		5.97

				7-Jan		510		2.5		204		0.961		960.5149582986		1.0024509804		0.9605149583		0.0395011886		0.9987752604		0.9234163517		2081.3291173743		2.5		180		0.958		957.9672518083		1.0027777778		0.9579672518		0.0420522265		0.9986120752		-0.9186344108		-1826.9566662372		2.55		254.37245		2722		6.07

				12-Jan		515		2.5		206		0.961		960.7069449762		1.0024271845		0.960706945		0.0393089675		0.9987871439		0.9237774666		2102.5562172383		2.5		182		0.958		958.1986263743		1.0027472527		0.9581986264		0.041820532		0.9986273166		-0.9190679145		-1848.1279052328		2.51		254.42831		2767		6.16

				17-Jan		520		2.5		208		0.961		960.8961581453		1.0024038462		0.9608961581		0.0391195256		0.9987987989		0.9241334695		2123.7875287601		2.5		184		0.958		958.4262216386		1.0027173913		0.9584262216		0.0415926255		0.998642227		-0.9194944886		-1869.3042150801		2.47		254.48331		2811		6.26

				22-Jan		525		2.5		210		0.961		961.0826639477		1.0023809524		0.9610826639		0.0389327965		0.9988102321		0.9244844805		2145.0229913868		2.5		186		0.959		958.6501393791		1.002688172		0.9586501394		0.0413684048		0.9986568169		-0.9199143164		-1890.4855133975		2.43		254.53748		2855		6.36

				27-Jan		530		2.5		212		0.961		961.2665263376		1.0023584906		0.9612665263		0.038748716		0.9988214498		0.9248306156		2166.2625460031		2.5		188		0.959		958.8704775778		1.0026595745		0.9588704776		0.0411477718		0.9986710965		-0.9203275747		-1911.6717200105		2.40		254.59083		2899		6.46

				1-Feb		535		2.5		214		0.961		961.4478071742		1.0023364486		0.9614478072		0.0385672222		0.9988324578		0.9251719872		2187.5061348834		2.5		190		0.959		959.0873306		1.0026315789		0.9590873306		0.0409306316		0.9986850758		-0.9207344337		-1932.8627568691		2.36		254.64338		2943		6.56

				6-Feb		540		2.5		216		0.962		961.6265663086		1.0023148148		0.9616265663		0.038388255		0.9988432621		0.9255087038		2208.7537016466		2.5		192		0.959		959.3007893649		1.0026041667		0.9593007894		0.0407168932		0.998698764		-0.9211350576		-1954.0585479706		2.33		254.69515		2988		6.66

				11-Feb		545		2.5		218		0.962		961.8028616674		1.002293578		0.9618028617		0.0382117564		0.9988538683		0.9258408709		2230.0051912131		2.5		194		0.960		959.5109415049		1.0025773196		0.9595109415		0.0405064686		0.9987121702		-0.9215296047		-1975.2590192843		2.29		254.74617		3032		6.76

				16-Feb		550		2.5		220		0.962		961.9767493311		1.0022727273		0.9619767493		0.03803767		0.9988642818		0.9261685902		2251.2605497624		2.5		196		0.960		959.7178715179		1.0025510204		0.9597178715		0.040299273		0.9987253029		-0.9219182278		-1996.4640986814		2.26		254.79645		3076		6.85

				21-Feb		555		2.5		222		0.962		962.1482836091		1.0022522523		0.9621482836		0.0378659415		0.9988745077		0.9264919606		2272.5197246937		2.5		198		0.960		959.921660909		1.0025252525		0.9599216609		0.0400952247		0.9987381705		-0.9223010741		-2017.6737158669		2.23		254.84601		3120		6.95

				26-Feb		560		2.5		224		0.962		962.3175171113		1.0022321429		0.9623175171		0.0376965181		0.9988845511		0.9268110777		2293.7826645875		2.5		200		0.960		960.1223883258		1.0025		0.9601223883		0.0398942449		0.9987507809		-0.9226782861		-2038.887802315		2.20		254.89486		3164		7.05

				3-Mar		565		2.5		226		0.962		962.4845008155		1.0022123894		0.9624845008		0.0375293487		0.9988944169		0.9271260344		2315.0493191686		2.5		202		0.960		960.3201296863		1.0024752475		0.9603201297		0.0396962573		0.9987631418		-0.923050001		-2060.1062912073		2.16		254.94303		3209		7.15

				8-Mar		570		2.5		228		0.963		962.6492841321		1.0021929825		0.9626492841		0.0373643837		0.9989041097		0.9274369207		2336.3196392708		2.5		204		0.961		960.5149582986		1.0024509804		0.9605149583		0.0395011886		0.9987752604		-0.9234163517		-2081.3291173743		2.13		254.99052		3253		7.25

				13-Mar		575		2.5		230		0.963		962.8119149657		1.002173913		0.962811915		0.0372015752		0.998913634		0.9277438237		2357.593576803		2.5		206		0.961		960.7069449762		1.0024271845		0.960706945		0.0393089675		0.9987871439		-0.9237774666		-2102.5562172383		2.10		255.03736		3297		7.35

				18-Mar		580		2.5		232		0.963		962.9724397731		1.0021551724		0.9629724398		0.0370408765		0.9989229942		0.9280468282		2378.8710847166		2.5		208		0.961		960.8961581453		1.0024038462		0.9608961581		0.0391195256		0.9987987989		-0.9241334695		-2123.7875287601		2.08		255.08356		3341		7.45

				23-Mar		585		2.5		234		0.963		963.1309036196		1.0021367521		0.9631309036		0.0368822424		0.9989321944		0.9283460163		2400.1521169743		2.5		210		0.961		961.0826639477		1.0023809524		0.9610826639		0.0389327965		0.9988102321		-0.9244844805		-2145.0229913868		2.05		255.12913		3385		7.54

				28-Mar		590		2.5		236		0.963		963.2873502351		1.0021186441		0.9632873502		0.0367256292		0.9989412388		0.9286414677		2421.436628528		2.5		212		0.961		961.2665263376		1.0023584906		0.9612665263		0.038748716		0.9988214498		-0.9248306156		-2166.2625460031		2.02		255.17408		3430		7.64

				2-Apr		595		2.5		238		0.963		963.4418220515		1.0021008403		0.9634418221		0.0365709943		0.9989501313		0.9289332599		2442.7245752557		2.5		214		0.961		961.4478071742		1.0023364486		0.9614478072		0.0385672222		0.9988324578		-0.9251719872		-2187.5061348834		1.99		255.21844		3474		7.74

				7-Apr		600		2.5		240		0.964		963.5943602716		1.0020833333		0.9635943603		0.0364182964		0.9989588757		0.9292214681		2464.0159139856		2.5		216		0.962		961.6265663086		1.0023148148		0.9616265663		0.038388255		0.9988432621		-0.9255087038		-2208.7537016466		1.97		255.26221		3518		7.84

				12-Apr		605		2.5		242		0.964		963.745004901		1.0020661157		0.9637450049		0.0362674954		0.9989674756		0.9295061653		2485.3106024343		2.5		218		0.962		961.8028616674		1.002293578		0.9618028617		0.0382117564		0.9988538683		-0.9258408709		-2230.0051912131		1.94		255.30541		3562		7.94

				17-Apr		610		2.5		244		0.964		963.8937947964		1.0020491803		0.9638937948		0.0361185522		0.9989759345		0.9297874225		2506.6085991894		2.5		220		0.962		961.9767493311		1.0022727273		0.9619767493		0.03803767		0.9988642818		-0.9261685902		-2251.2605497624		1.92		255.34805		3606		8.04

				22-Apr		615		2.5		246		0.964		964.0407677071		1.0020325203		0.9640407677		0.0359714292		0.9989842561		0.9300653087		2527.9098636852		2.5		222		0.962		962.1482836091		1.0022522523		0.9621482836		0.0378659415		0.9988745077		-0.9264919606		-2272.5197246937		1.89		255.39014		3651		8.14

				27-Apr		620		2.5		248		0.964		964.1859603154		1.002016129		0.9641859603		0.0358260895		0.9989924434		0.9303398909		2549.214356178		2.5		224		0.962		962.3175171113		1.0022321429		0.9623175171		0.0376965181		0.9988845511		-0.9268110777		-2293.7826645875		1.87		255.43169		3695		8.24

				2-May		625		2.5		250		0.964		964.3294082754		1.002		0.9643294083		0.0356824974		0.9990004998		0.9306112344		2570.5220377234		2.5		226		0.962		962.4845008155		1.0022123894		0.9624845008		0.0375293487		0.9988944169		-0.9271260344		-2315.0493191686		1.84		255.47272		3739		8.33

				7-May		630		2.5		252		0.964		964.471146249		1.001984127		0.9644711462		0.0355406181		0.9990084284		0.9308794024		2591.8328701538		2.5		228		0.963		962.6492841321		1.0021929825		0.9626492841		0.0373643837		0.9989041097		-0.9274369207		-2336.3196392708		1.82		255.51323		3783		8.43

				12-May		635		2.5		254		0.965		964.6112079421		1.0019685039		0.9646112079		0.0354004179		0.9990162322		0.9311444568		2613.1468160569		2.5		230		0.963		962.8119149657		1.002173913		0.962811915		0.0372015752		0.998913634		-0.9277438237		-2357.593576803		1.80		255.55324		3827		8.53

				17-May		640		2.5		256		0.965		964.7496261375		1.001953125		0.9647496261		0.0352618639		0.9990239142		0.9314064575		2634.4638387549		2.5		232		0.963		962.9724397731		1.0021551724		0.9629724398		0.0370408765		0.9989229942		-0.9280468282		-2378.8710847166		1.78		255.59275		3871		8.63

				22-May		645		2.5		258		0.965		964.8864327272		1.0019379845		0.9648864327		0.0351249241		0.9990314771		0.9316654629		2655.7839022847		2.5		234		0.963		963.1309036196		1.0021367521		0.9631309036		0.0368822424		0.9989321944		-0.9283460163		-2400.1521169743		1.76		255.63179		3916		8.73

				27-May		650		2.5		260		0.965		965.0216587439		1.0019230769		0.9650216587		0.0349895674		0.9990389237		0.9319215299		2677.1069713783		2.5		236		0.963		963.2873502351		1.0021186441		0.9632873502		0.0367256292		0.9989412388		-0.9286414677		-2421.436628528		1.73		255.67034		3960		8.83

				1-Jun		655		2.5		262		0.965		965.1553343898		1.0019083969		0.9651553344		0.0348557636		0.9990462566		0.9321747137		2698.433011444		2.5		238		0.963		963.4418220515		1.0021008403		0.9634418221		0.0365709943		0.9989501313		-0.9289332599		-2442.7245752557		1.71		255.70844		4004		8.93

				6-Jun		660		2.5		264		0.965		965.2874890652		1.0018939394		0.9652874891		0.0347234832		0.9990534785		0.9324250684		2719.761988549		2.5		240		0.964		963.5943602716		1.0020833333		0.9635943603		0.0364182964		0.9989588757		-0.9292214681		-2464.0159139856		1.69		255.74607		4048		9.02

				11-Jun		665		2.5		266		0.965		965.4181513961		1.0018796992		0.9654181514		0.0345926975		0.9990605919		0.9326726464		2741.0938694012		2.5		242		0.964		963.745004901		1.0020661157		0.9637450049		0.0362674954		0.9989674756		-0.9295061653		-2485.3106024343		1.67		255.78327		4092		9.12

				16-Jun		670		2.5		268		0.966		965.5473492594		1.0018656716		0.9655473493		0.0344633785		0.9990675991		0.9329174987		2762.4286213329		2.5		244		0.964		963.8937947964		1.0020491803		0.9638937948		0.0361185522		0.9989759345		-0.9297874225		-2506.6085991894		1.65		255.82002		4137		9.22

				21-Jun		675		2.5		270		0.966		965.6751098088		1.0018518519		0.9656751098		0.0343354991		0.9990745026		0.9331596753		2783.7662122844		2.5		246		0.964		964.0407677071		1.0020325203		0.9640407677		0.0359714292		0.9989842561		-0.9300653087		-2527.9098636852		1.63		255.85635		4181		9.32

				26-Jun		680		2.5		272		0.966		965.8014594979		1.0018382353		0.9658014595		0.0342090328		0.9990813046		0.9333992247		2805.1066107882		2.5		248		0.964		964.1859603154		1.002016129		0.9641859603		0.0358260895		0.9989924434		-0.9303398909		-2549.214356178		1.62		255.89225		4225		9.42

				1-Jul		685		2.5		274		0.966		965.9264241041		1.0018248175		0.9659264241		0.0340839536		0.9990880074		0.9336361943		2826.4497859537		2.5		250		0.964		964.3294082754		1.002		0.9643294083		0.0356824974		0.9990004998		-0.9306112344		-2570.5220377234		1.60		255.92775		4269		9.52

				6-Jul		690		2.5		276		0.966		966.0500287499		1.0018115942		0.9660500287		0.0339602365		0.999094613		0.93387063		2847.795707453		2.5		252		0.964		964.471146249		1.001984127		0.9644711462		0.0355406181		0.9990084284		-0.9308794024		-2591.8328701538		1.58		255.96284		4313		9.62

				11-Jul		695		2.5		278		0.966		966.1722979246		1.0017985612		0.9661722979		0.0338378569		0.9991011237		0.9341025771		2869.144345506		2.5		254		0.965		964.6112079421		1.0019685039		0.9646112079		0.0354004179		0.9990162322		-0.9311444568		-2613.1468160569		1.56		255.99753		4358		9.71

				16-Jul		700		2.5		280		0.966		966.2932555044		1.0017857143		0.9662932555		0.0337167908		0.9991075413		0.9343320792		2890.495670867		2.5		256		0.965		964.7496261375		1.001953125		0.9647496261		0.0352618639		0.9990239142		-0.9314064575		-2634.4638387549		1.54		256.03183		4402		9.81

				21-Jul		705		2.5		282		0.966		966.4129247723		1.0017730496		0.9664129248		0.033597015		0.999113868		0.9345591793		2911.8496548115		2.5		258		0.965		964.8864327272		1.0019379845		0.9648864327		0.0351249241		0.9990314771		-0.9316654629		-2655.7839022847		1.53		256.06575		4446		9.91

				26-Jul		710		2.5		284		0.967		966.5313284366		1.0017605634		0.9665313284		0.0334785066		0.9991201056		0.934783919		2933.2062691228		2.5		260		0.965		965.0216587439		1.0019230769		0.9650216587		0.0349895674		0.9990389237		-0.9319215299		-2677.1069713783		1.51		256.09930		4490		10.01

				31-Jul		715		2.5		286		0.967		966.6484886493		1.0017482517		0.9666484886		0.0333612435		0.9991262561		0.9350063392		2954.5654860801		2.5		262		0.965		965.1553343898		1.0019083969		0.9651553344		0.0348557636		0.9990462566		-0.9321747137		-2698.433011444		1.49		256.13247		4534		10.11

				5-Aug		720		2.5		288		0.967		966.7644270231		1.0017361111		0.966764427		0.0332452041		0.9991323211		0.9352264796		2975.9272784459		2.5		264		0.965		965.2874890652		1.0018939394		0.9652874891		0.0347234832		0.9990534785		-0.9324250684		-2719.761988549		1.48		256.16529		4579		10.21

				10-Aug		725		2.5		290		0.967		966.8791646487		1.0017241379		0.9668791646		0.0331303671		0.9991383025		0.9354443789		2997.2916194547		2.5		266		0.965		965.4181513961		1.0018796992		0.9654181514		0.0345926975		0.9990605919		-0.9326726464		-2741.0938694012		1.46		256.19775		4623		10.31

				15-Aug		730		2.5		292		0.967		966.9927221104		1.0017123288		0.9669927221		0.033016712		0.999144202		0.9356600752		3018.6584828013		2.5		268		0.966		965.5473492594		1.0018656716		0.9655473493		0.0344633785		0.9990675991		-0.9329174987		-2762.4286213329		1.45		256.22986		4667		10.40
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