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CHAPTER 1.0 - INTRODUCTION & BASIS OF PLANNING

1.1  BACKGROUND

The City of Silverton owns and operates a water system that serves a population of 9,590,
primarily located within Silverton’s city limits (See Figure 1 in Appendix A). Water is
conveyed from Abiqua Creek and Silver Creek to the City’s water treatment plant. Water
from the two sources is mixed prior to treatment. The treatment plant consists of two
parallel treatment systems dating back to the 1950s and 1980s. Both treatment systems
include conventional filtration, and all water is treated with an on-site chlorine generation
system. From the water treatment plant, water is delivered to city residents via a network of
pipelines, pump stations, and distribution system storage reservoirs.

1.2  RELATED STUDIES

This planning study provides the first facility planning effort for the City’s water treatment
plant in over a decade. Related studies used in the preparation of this document include the
following:

o August 2011 Water Master Plan (WMP) completed by Keller Associates

e January 21, 2010 Silver Creek Intake and Supply Line Predesign Report and
subsequent amendment dated February 21, 2010 by Tetra Tech

o Silverton Water Supply Analysis dated May 2001 by Tetra Tech

o Water Management and Conservation Plan dated August 2004 prepared by Rich
Barstad, Silverton Public Works Director

o Water Management and Conservation Plan dated February 1, 2016 prepared by
Oregon Association of Water Utilities.

e 2008 Silverton Water Supply Dam Fish Passage Alternatives by Black and Veatch

1.3 PLANNING OBJECTIVES

This report presents findings and recommendations relating to the Silverton water treatment
plant. This study was commissioned by the city in an effort to determine the current state of
the water treatment plant and to plan for future needs. The planning study is intended to
build upon previous planning efforts. Primary planning objectives include:

¢ Review of the fundamental planning elements such as population and water demand
projections

e Assess the remaining life of major treatment plant facilities

¢ Identify improvement alternatives and select a preferred alternative

o Develop capital costs and recommended phasing for implementing priority
improvements

1.4 POPULATION PROJECTIONS

The population values presented in Table 1.1 summarize existing and future populations
used for this planning effort. Population projections reflect the Marion County adopted
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forecasts based on the published values from the Portland State University (PSU)
Population Research Center dated 2008. The PSU estimated medium growth rate for
Silverton for 2015-2020 is 1.9% and 1.3% for 2020-2030. In estimating the 2055 population,
we assumed a growth rate of 1.3% (the medium growth rate assumed by PSU for the period
from 2020 to 2030).

Table 1.1 - Silverton Population Projections

Year Design Year Population
2010 Census 9,222
2015 Current 9,590
2020 5-year 10,536
2025 10-year 11,239
2035 20-year 12,789
2055 40-year 16,558

1.5 HISTORICAL AND PROJECTED DEMANDS

Historical production data were used to determine the average annual, average winter,
average summer, max month, max week, max 3-day, max day, and peak hour demands.
Plant production data was estimated using plant influent data and typical treatment process
wasting rates provided by the City. Peak hour demands were estimated using a peaking
factor of approximately 2.0 times the maximum day demand consistent with the 24-hour
water usage pattern developed as part of the 2011 WMP. Supporting data and additional
details regarding the development of these system demands can be found in Appendix B.

Chart 1.1 shows monthly water consumption usage pattern for 2013 - 2015. Maximum
monthly summer demands are about three times the winter demand. Increases during the
summer periods correspond to irrigation usage.
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Chart 1.1 - Silverton 2013 - 2015 Monthly Metered Water Consumption (gallons)
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Monthly water usage for the City’s largest industry (BrucePac) has averaged approximately
0.110 MGD over the last 5 years, with the maximum monthly water usage of 0.170 occuring
in July 2015. Based on our conversations with the industry, the maximum daily demand is
approximately 0.250 MGD, and is not likely to increase in the planning period.

Table 1.2 compares annual water production and water consumption (from individual meter
data). The average difference between the two accounts in the last five years has been
approximately 10.4%. This is slightly higher than the industry standard of 10%. The
variability from year to year also indicates that there may be inaccuracies in the water meter
data. Keller Associates recommends that the City continue to monitor unaccounted for
water on an annual basis, targeting a value of less than 10%. Keller Associates also
recommends that the City periodically complete leak detection studies and complete meter
testing and replacements on a regular basis. Meter testing and replacement efforts should
focus initially on large diameter meters (which should be tested every 1 to 3 years) and
meters older than 20 years.

Table 1.2 - Silverton Unaccounted for Water (Million Gallons)

2011 2012 2013 2014 2015 Avg
Annual Water Inflow 455.1 472.1 455.2 512.0 510.0 480.9
% Wasted at WTP 8% 8% 8% 8% 8% 8%
Amount Wasted at WTP 36.4 37.8 36.4 41.0 40.8 38.5
Amount Delivered to System 418.7 434.3 418.8 471.1 469.2 442.4
Amount Sold 353.4 363.7 380.9 400.3 379.2 375.5
Unaccounted for Water 65.3 70.7 37.9 70.7 90.0 66.9
Unaccounted for Water 15.6% 16.3% 9.1% 15.0% 19.2% 15.0%
Unmetered Usage* 20.5 20.5 20.5 20.5 20.5 20.5
Estimated Water Loss 44.80 50.16 17.41 50.21 69.45 46.41
Estimated Water Loss | 107% | 115% | 42% | 107% | 148% | 10.4%

*Value taken from 2004 Water Management and Conservation Plan and includes construction, surveying, pool, city
landscaping (6 acres), park fountain, public buildings, and hydrant flushing.

As shown in Table 1.2, approximately 8% of raw water inflow to the water treatment plant
(WTP) is wasted through plant processes, such as filter backwash and other maintenance
activities. The amount wasted at the plant is not included in the system demand. On
average, 8% more than the system demand must be delivered to the plant in order to
provide the system the required demand.

Future water demand projections are presented in Table 1.3. These demands assume that
future demands per capita will be similar to existing demands per capita and that a future
industrial demand of 0.25 MGD will be provided from the City’s system by 2025. The 2055
future demands account for 1.0 MGD to provide supply to Mt. Angel. Section 1.6 discusses
future supply for Mt. Angel.
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Table 1.3 - Silverton Finish Water Demand Projections (MGD)!

Year 2015 2020  Industry’* 2025 2030 2035 2055°

Population 9,590 gpcd 10,536 - 11,239 11,989 12,789 16,558
Average Annual 1.37 143 1.51 0.25 1.86 1.96 2.08 3.62
Average Summer Demand 1.92 200 2.10 0.25 2.50 2.65 2.81 4.56
Average Winter Demand 1.10 115 1.21 0.25 1.54 1.63 1.72 3.16
Max Month 2.25 235 2.47 0.25 2.89 3.06 3.25 5.14
Max Week 2.43 253 2.66 0.25 3.09 3.28 3.48 5.44
Max 3-Day Period 2.83 295 3.11 0.25 3.57 3.79 4.02 6.14
Max Day 2.98 311 3.28 0.25 3.74 3.98 4.23 6.40
Peak Hour? 5.96 622 6.55 0.25 7.24 7.71 8.20 11.55

1. Future demands are calculated by assuming the same demands per capita (which includes commercial, for industry,
public uses, etc.) plus a future set-aside for industry. Demands do not include backwash water at WTP.

2. Assumes 0.25 MGD set-aside for future industry beginning in 2025

3. Assumes 1.0 MGD set-aside for Mt. Angel supply in 40-year projections

4. Assumes max day to peak hour peaking factor of 2.0

1.6  SERVICE TO MT. ANGEL

Mt. Angel is a city approximately 3 miles north of Silverton. Mt. Angel's water supply comes
from groundwater. The aquifer supplying the potable water supply has reportedly been
declining for many years. In 1997, Westech Engineering completed an engineer’s report
titted “Mt Angel — Silverton Water Intertie Preliminary Cost Estimate.” The cost estimate
included 3.6 miles of 16-inch pipeline and an estimated cost of approximately $1.8 million.
Issues not fully resolved at the time of the cost estimate included water rights, land use,
environmental requirements, and right-of-way. In June of 1998, Moore, Breithaupt &
Associates subsequently completed a financial report for the intertie project. This report also
summarized the potential benefits and drawbacks of the project to each community.

In August of 2010, Murray, Smith & Associates, Inc. completed a Water System Master Plan
& Water Management and Conservation Plan for the City of Mt. Angel. According to this
report, Mt. Angel’s average day demand is anticipated to increase from 0.42 MGD in 2010 to
0.52 MGD in 2030. Similarly, the peak day demand is anticipated to increase from 0.84
MGD to 1.05 MGD.

This report concluded that “The City has adequate water rights and supply capacity to meet
current and future water demands within the planning horizon of this document; therefore no
additional supply sources are required in the 20-year planning horizon.” However, we
understand that there are increasing concerns by City and regulatory officials and a surface
water supply may eventually be required for the City.

Supplying water for Mt. Angel will require that adequate supply, treatment, and water right
capacity be obtained to service Mt. Angel. Delivering flow to Mt. Angel may also require
additional transmission improvements within the City of Silverton. The potential impact on
Silverton’s system could be greatly mitigated with the continued operation of Mt. Angel wells
and the implementation of Aquifer Storage and Recovery during winter months when
available source water is the highest. While the scope of this study does not directly plan for
future service to Mt. Angel, the City of Silverton has requested that considerations for future
expansions be given for determining the long-term plant footprint and plant phasing. As
shown in our demand projections, we have assumed an additional 1 MGD of demand in the
2055 demand projection.
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1.7 SOURCE WATER QUALITY

Water quality data for the City’'s combined water sources, Abiqua and Silver Creek, is
recorded at the water treatment plant. The data recorded includes alkalinity, color, turbidity,
and pH. Variations in these and other parameters lead to operational challenges at the
water treatment plant. Table 1.4 summarizes the seasonal water quality parameters for the
combined sources as reported in the water treatment plant records.

Table 1.4 - Source Water Quality

Parameter Typical Summer Range Typical Winter Range ‘
Alkalinity (mg/L) 11-17 6-11
Color app 10-30 10-30
Color true 0-9 0-11
Turbidity (ntu) 0.3-1.8 0.5-2.8
pH 7-7.6 6.9-7.4
Temperature (°C) 10-20 7-10

1.8 REGULATORY REQUIREMENTS

The purpose of the drinking water treatment plant is to produce water that is safe to drink.
Both state and federal agencies provide regulations as a means for ensuring that safety and
overseeing their implementation. This section provides background on existing regulations
and a look at potential future regulations that may have an impact on Silverton’s water
treatment plant.

The Oregon Health Authority (OHA) is the state agency designated to administer water
quality regulations. OHA does not regulate any contaminants that aren'’t initially regulated
by the EPA. However, the OHA does frequently make additions or edits to EPA rules within
the State of Oregon. Table 1.5 shows current drinking water regulations. The most recent
addition, the Revised Total Coliform rule, took effect on April 1t 2016. There are no other
rules or additions being drafted currently by EPA, so this list is likely to stay current for the
next year. Each of the primary contaminants listed in Table 1.5 have been determined by
EPA to be detrimental to health.
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Table 1.5 - Drinking Water Regulations

Publication Date of

Rule CFR Affected Contaminants Final Rule
General Water Quality Rules
National Primary and See Below Bacteriological, 10C, VOC, Phases | through V
Secondary Drinking Water SOC, Asbestos, promulgated 1987 through
Standards Radionuclides, THMs, 1992
Lead/Copper, Phase II/V
Stage 2 Disinfectants and | 40 CFR Disinfection Byproducts, Promulgated January 4, 2006
Disinfection By-products Parts 9 141 especially Trihalomethanes
and 142 and Haloacetic acids
Revised Total Coliform 78 FR 10269 Total coliforms Promulgated February 13,
Rule 2013, compliance by April
1, 2016
Radionuclide Rule 40 CFR Radionuclides Promulgated April 4, 1997
141.15
141.25
141.26
Arsenic Rule 40 CFR Arsenic Promulgated February 2002
141.23
141.24
141.16
Lead and Copper Rule 56 FR 26460 - Lead and Copper Promulgated June 7, 1991
26564
Unregulated 40 CFR Various contaminants UCMR2 promulgated
Contaminants Monitoring | 141.40 considered for future January 4, 2007
Rule 2 regulations
Surface Water Treatment Rules
Information 40 CFR, Part Large Surface Water Promulgated June 18, 1996

Collection Rule

141, Subpart M

Systems: Bacteriological,
DBP, 10Cs

Interim Enhanced Surface
Water Treatment Rule

63 FR 69478

Large Surface Water
Systems: Bacteriological,
incorporate Cryptosporidium
into watershed plans

Promulgated November
1998

Long Term 1 Enhanced
Surface Water Treatment
Rule

40 CFR, Parts 9,
141,142 &
67 FR 1812

Bacteriological,
Cryptosporidium

Promulgated February 13,
2002, compliance by March
15, 2005

Long Term 2 Enhanced
Surface Water Treatment
Rule

Proposed (1)

Bacteriological

Promulgated in 2006

Filter Backwash Recycling
Rule

40 CFR Parts 9,
141,142 & 66
FR 31086

Bacteriological

Promulgated August 7, 2001,
compliance by December 8,
2003
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In future years, potential upcoming regulations are reported yearly through AWWA as a
guide to communities in their planning efforts. As EPA studies the scientific background to
support these regulations, the proposal dates may change or the regulation may possibly
receive no further modification. The following rules were being considered within EPA as of
the annual 2015 review.

e Long-Term Lead and Copper Rule — Proposal 2016/2017; Final in 2018/2019

e Nitrosamines and Chlorate — Third six-year review in 2016. Proposal in 2017/2018;
Final in 2019/2020

e Strontium — Proposal 2018; Final in 2019
e Carcinogenic VOCs — Proposal in 2015/2016; Final in 2017/2018

e Hexavalent Chromium — Third six-year review in 2016. Proposal in 2017/2018; Final
in 2019/2020

e Potential reduction in allowable Fluoride levels in drinking water

The most notable future regulations for Silverton will likely be the Long-Term Lead and
Copper Rule (LT-LCR) and the Nitrosamines and Chlorate Rule. LT-LCR will look at the
long-term effects of pH adjustment and alkalinity on the distribution system to prevent spikes
in lead levels. This rule is being developed in response to the no-lead mandate and the
challenges that have occurred as communities attempt to replace lead service lines.

The Nitrosamines and Chlorate will only be a concern if the City experiences nitrosamine
formation in their watershed, plant, or distribution system. These chemicals are formed when
ammonia is present in the source water or the system is practicing chloramination for
disinfection residual maintenance.

Lastly because of intense debate, changes to fluoride levels will likely not take place within
the next five years. Because Silverton adds fluoride at the water treatment plant, a change
in this regulation will not likely affect the treatment process, but simply mean the dosing
concentration could be lowered.

An important first step for the City would be to begin monitoring the raw water fluoride levels
from both water sources. Establishing baseline raw water levels will help in understanding
what, if any, action would need to be taken should the new legal limit be lower than
Silverton’s raw water concentrations.

Currently, the limit is 4.0 mg/L. The proposed limit is 0.7 mg/L. Recent data shows the
finished water from the water treatment plant to be in the 0.7-0.8 mg/L range with active
fluoride dosing.

If raw water fluoride levels are too high, some options for the City might include:
e Alternate sources
e Seasonal usage of high level sources
e Blending
o Screening/well remediation

e Treatment: Activated alumina adsorption (There are other treatments, but this is the
most probable)
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The best option will depend on the final regulatory limit, the actual raw water concentration
of fluoride, and a feasibility analysis of the options.
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CHAPTER 2.0 - SOURCE WATER ASSESSMENT

The source water is comprised of two creeks (Abiqua and Silver Creek) that feed from
different watersheds. This configuration makes the Silverton water supply less vulnerable to
an event within one of the watersheds that would significantly alter the water quality being
delivered to the treatment facility. While this provides some level of protection to the City, it
also creates a unique challenge to the operation of the plants. The water sources, while
similar, also have unique characteristics that change the treatment approach within the
plant.

Keller Associates completed a hydraulic evaluation of the two sources of water. An
evaluation of the source water rights, stream flows, and facility conditions was not a part of
the scope of this study. However, where summary information has been provided by the
City, Keller Associates has attempted to integrate it into this report.

2.1 DESCRIPTION
2.1.1 Abiqua Creek Facilities

Water from Abiqua Creek is
conveyed by gravity directly to the
water treatment plant. The City’s
Abiqua water right was established
in 1916 (the oldest on the creek),
and is for 10.0 cfs (or 6.5 MGD).
Before entering the transmission
pipeline, water passes through an
intake screen (located on the
upstream side of the dam) and small
sedimentation basin. The intake
screen and pipe are protected from
larger debris by a trash rack type
structure that extends into the
stream on the upflow side. The
intake screen is cleaned by regular
air back washes provided by two five
horsepower on-site air compressors
and control system that sends an air
pulse every 10 minutes. No standby
power is provided to run the
backwash system during power
outages. Immediately downstream
of the screen is the 7 mile
transmission pipeline to the water treatment plant. Improvements to the pipeline
have been made over the years, with the most recent completed in 1994.

N
M

Exhibit 2.1 — Abiqua Sedimentation Basin

The intake structure includes a weir structure downstream of the fish screens. City
staff report that when this is opened, water can bypass the dam structure and scour
out a portion of the upstream sediment that accumulates near the fish screens.
Sediment accumulates near the existing intake, requiring manual removal. A 7.5 hp
onsite pump is also used for wash down. City staff report that the sediment basin
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and area around the intake is cleaned annually. The effort takes approximately 10
man days.

Water from Abiqua Creek serves as the City’s primary water supply source. During
the summer months, City staff report that there are times when almost no flow
passes over the dam, and the majority of the flow is diverted to the City’s intake. The
Silver Creek intake provides backup capacity as well as an alternate source of water
during high turbidity events. The USGS is installing a gaging station upstream of the
Abiqua intake in 2016. This gaging station will provide helpful information on stream
flows for future water management. It is anticipated that the improvement will also
require the City pay approximately $6,000 per year for operations and maintenance
of the gaging station.

The existing transmission pipeline includes a number of air release structures and
some hydrants. City staff does not recall the last time the line was cleaned or
inspected.

2.1.2 Silver Creek Facilities

The Silver Creek water
right, established in 1911,
is for 5 cfs (or 3.2 MGD).
Silver Creek also
includes a reservoir
which is operated and
maintained by the City.
The City has a water right
to use 14 cfs (9.0 MGD)
of the water stored in the
Silverton Reservoir. The
14 cfs can be released
from the reservoir and
diverted from the current

intake on Silver Creek. - —
There is a 1,300 Ac.ft per Exhibit 2.2 — Existing Silver Creek Pumps

year limitation on this right which was further limited to 200 Ac.ft per year with the
most recent water right extension. This reservoir provides limited water storage. An
evaluation of the reservoir was not completed as part of this study.

The Silver Creek facility includes a duplex pump system that draws water directly
from the creek. According to City staff both pumps have been replaced in 2015 and
2016. The pumps sit directly above the creek bed. Water from the Silver Creek
pump station is delivered to the treatment plant via 16-inch and 12-inch pipelines.

2.2 EXISTING AND FUTURE HYDRAULIC CAPACITY ASSESSMENT
2.2.1 Abiqua Creek Supply System Capacity

The Abiqua intake screen, installed in 2001, has a reported maximum "through slot"
velocity of 0.78 ft/sec, an Oregon standard "approach" velocity of 0.4 ft/sec, and a
theoretical 6.5 MGD flow rate. Provided the screen is functioning, this capacity
should be adequate for the planning period.
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The Abiqua transmission line has a reported flow capacity of 7.4 cfs (or 4.8 MGD).
The transmission pipeline diameter reportedly varies in size from 20” to 24”, with a
smaller 14-inch line for the last 1,100 feet. Keller Associates independently
estimated a capacity of approximately 4.7 MGD based on approximate elevation
data, reported pipe material, diameter, and length information. However, it should
be noted, that the calculated capacity is sensitive to small changes in elevation and
friction loss assumptions. Keller Associates recommends that a pressure gage be
installed in the transmission line upstream of the control valve to more accurately
determine the capacity.

Based on the reported capacity, the existing transmission pipeline should have
adequate conveyance to convey the 2035 projected maximum day demands, but not
the 2055 projected maximum day demands. Given the age of the 14-inch steel
pipeline, Keller Associates recommends that it be replaced with a 20-inch or 24-inch
pipeline during the planning period. This improvement increases the estimated
capacity of the Abiqua transmission pipeline to approximately 5.5 MGD. The actual
capacity could be higher or lower depending on actual pipe losses and elevations —
items that should be investigated during pre-design of any transmission pipeline
improvements. It may be that pumping would be necessary to achieve the full 6.5
MGD capacity that corresponds to the existing Abiqua water right. The capability of
the pipeline to convert from gravity to pressure should be evaluated prior to
implementation.

2.2.2 Silver Creek Supply System Capacity

The reported pump capacity of the existing Silver Creek intake is 2.3 MGD with both
pumps running, and 1.7 MGD with a single pump running.

Preliminary engineering evaluations were completed for a project to increase the size
of the 2,200-foot long 12-inch pipeline from Silver Creek to the WTP site, to 18
inches, and increase the intake pump capacity to provide a total of 8.5 cfs (5.5 MGD)
to the WTP. This capacity would provide a redundant source capacity capable of
meeting the projected maximum day demand through the planning period. Keller
Associates recommends that the City proceed with previously recommended
improvements. It should be noted that operating the Silver Creek pump station at full
capacity would require using the City’s storage water right, and that operation at full
capacity for extended periods is not the intended purpose in sizing the pump station,
rather to provide a reliable and redundant source water to supplement flows from
Abiqua. The continuous surface water right from Silver Creek is 5 cfs (3.2 MGD)
corresponding to water right permit S-622.

2.3 FACILITY CONDITIONS
2.3.1 Abiqua Facilities Conditions and Recommendations

The Abiqua dam structure is reportedly more than 80 years old. The Abiqua
transmission pipeline was originally constructed in the 1880s with wood pipe. Over
the years, the City has made improvements to the intake system and replaced the
transmission pipeline. The fish ladder was reportedly constructed in the 1950’s. In
more recent years, fish screening was provided and modifications to the
sedimentation basin were made to facilitate cleaning.
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A study of the fish ladder was completed in May of 2008 by the engineering firm
Black and Veatch. The conclusion of the study was that the fish ladder is in poor
condition and does not meet current fish passage criteria. Alternatives for improving
fish passage were presented in the 2008 evaluation, with construction costs ranging
from $730,000 to $2,295,000 in 2008 dollars. We understand that the City is not
required to make fish ladder improvements until such time as a project to improve or
modify the Abiqua Dam is undertaken.

The intake screen at Abiqua Creek reportedly suffers from sediment build-up and
blinding due to leaves during the fall season. The intake is also at risk of plugging
with leaves during power outages or following a large rain event in the early fall. At
times the debris will plug the pipe screen at a rate that requires too frequent pulsing
to allow for adequate flow to the treatment plant. City staff report that about once
every couple years the City has to rely on Silver Creek for water supply because the
blinding of the intake in Abiqua Creek cannot be controlled.

The intake trash rack is designed to keep trash and other debris from entering the
intake pipe and restricting flow. Trash racks are designed to allow small debris such
as leaves to pass through while stopping larger debris from entering the intake where
they might become lodged. Trash racks will become plugged if the openings are too
small or the trash rack is flat across the opening. Small openings will collect debris
such as twigs and leaves, which in turn cause a progression of larger items to build
up, eventually blocking the entire inlet.

Debris build-up is a continual problem at dams and water intakes. As a
consequence, debris control systems, which are often site-specific, need to be
developed. These debris control systems should incorporate various collection,
removal and disposal elements. These systems are, inevitably, costly to construct
and maintain. In reviewing the challenges at the Abiqua intake, Keller Associates
offers the following alternatives that could improve reliability and operations:

1. Install a raking device that is designed to pass sticks and larger debris over
the dam. ($1,340,000)

Provide a redundant intake pipe and backpulse system. ($248,000)

Install a second intake screen to increase intake area. ($106,000) (Assumes
the existing cleaning system is adequate for larger intake area)

Rather than implement one of these alternatives, the City could continue with the
manual labor to clean the debris and continue to use Silver Creek as an alternative
source when inadequate flow can be obtained from Abiqua due to screen blockage.
It should be noted that options 2 and 3 from above will not improve the problem with
sedimentation build-up, but are aimed at eliminating intake blockages. For planning
purposes, Option 3 has been included as a Priority 1 improvement.

Keller Associates recommends adding a standby generator to provide reliability to
the screen cleaning system.  The generator should have adequate capacity to
provide power to all electrical equipment. The total electrical load for the equipment
is low and will only require a small generator. The generator should include an
automatic transfer switch to change from utility power to standby power.
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During extremely low flow periods, the City reports that the water level drops below
the intake level. This presumably results from water leaking past gates in the
sediment basin, bypass gate, or through boards placed in the fish ladder. Keller
Associates recommends that these locations be identified and addressed next time
the water level is dropped for maintenance activities or during the next extreme low
flow event.

Keller Associates also recommends installing a new radio based SCADA system to
monitor the facility. The facility monitoring should include, power failures, cleaning
process, water level equipment operation and alarms, security and fire. Video
surveillance may also be desired. Installation of a SCADA System will require
installation of additional monitoring and detection devices.

The sediment basin is currently uncovered. The proximity to trees makes it
susceptible to leaves and debris from falling into the basin. Any addition debris
entering the basin requires removal either by hand or by the screen. Additionally,
City staff report that they have seen evidence of human activity (i.e. litter) near the
basin. Keller Associates recommends that the sediment basin be covered. A cover
will reduce maintenance of the basin and reduce the possibility of contamination, and
yet not hinder access to the basin by staff.

City staff report that gates were installed a few years ago at the bottom of the
sediment basin to facilitate cleaning of the basin. The sediment basin is reportedly in
good condition although the concrete is quite old. The pump used for removing
sediment from the basin is old and can be unreliable. It should be replaced with a
new 7-1/2 horsepower solids handling pump to clean the sediment from the basin.
While a conditions evaluation of the Abiqua facilities was not a part of the scope of
this study, Keller Associates made the following observations:

e The structural and miscellaneous metal items are corroding and should be
replaced during the first 10 years of the planning period. This includes items
like handrail, grating, slide gate frames and structural supports. Bolted
connections and exposed metal edges are particularly susceptible to
corrosion.

e The concrete work is deteriorating at the surface due to weather exposure
and the growth of lichens. These are living organisms that exist on concrete
and metal surfaces usually in wet environments. The organisms attach to the
surface and create a deteriorating environment for the underlying material.
The growths should be removed by cleaning and an ongoing maintenance
program should put in place to control the growth. The existing deteriorated
concrete should be rehabilitated to restore it to a satisfactory condition. The
cleaning activity should be undertaken as soon as possible. The concrete
rehabilitation should be scheduled within 5 years.

Keller Associates recommends that the City plan on completing a detailed structural
and mechanical assessment of the existing facilities within the next five years, and
that the City should plan on replacing the fish ladder and completing miscellaneous
improvements/repairs during the 20-year planning period.

A summary of planning level cost estimates and project phasing is presented in
Chapter 5 of this report. Keller Associates recommends the Abiqua structural
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improvement budgets be updated as part of a more comprehensive structural
evaluation completed within the next five years.

2.3.2 Silver Creek Facilities Conditions

The Silver Creek pump station is reportedly over 50 years old and has limited
remaining service life. A facility conditions evaluation of the Silver Creek pump
station was previously made by others, and a predesign of facility improvements was
completed in 2010. The predesign report recommended a new 16-inch transmission
pipeline to replace the existing 12-inch pipeline (which was subsequently designed in
2011 but not installed), a vertical traveling screen system, and two new pumps with
space for a third future pump. This study carries previous recommendations forward
and includes the cost estimate for the improvement (see Attachment 3 of the
February 2010 Amendment to Predesign Report) The previous cost estimates were
inflated to 2016 dollars and 19% added for engineering and permitting). Keller
Associates further recommends that the City include the block building enclosure
and secure the portable generator presented as an additional improvement to
provide added redundancy to the system. Additionally, a new headworks facility is
recommended at the water treatment plant to accommodate the larger pipeline from
Silver Creek and the future 24-inch transmission pipeline from Abiqua.
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CHAPTER 3.0 - EXISTING TREATMENT PLANT ASSESSMENT

The City of Silverton’s water treatment plant consists of two treatment systems that operate
in parallel. Source water for the plants come from one or both sources available to the City,
namely, Silver Creek and Abiqua Creek. Raw water is diverted to one or both of the
treatment plants. Treated water is combined before the final clearwells. From the
clearwells, it is sent to the distribution system through pumping (upper pressure zones) and
gravity flow (lower pressure zones). An overall process schematic and a record drawing of
the existing system is illustrated in Figures 2 and 3 in Appendix A. This chapter summarizes
the existing process performances and asset conditions.

3.1 TREATMENT PLANT 1 PROCESS EVALUATION

Treatment Plant 1 was constructed in 1957, and consists of the following processes:
coagulation, flocculation, sedimentation, filtration, and disinfection. This section evaluates
the performance of each process.

3.1.1 Treatment Process Step 1: Coagulation

Coagulation is the first step in the treatment process at Plant 1. Coagulant is a
chemical that enables removal of impurities from the raw water entering the
treatment plant. While there are many types of coagulant, the coagulant employed
at the Silverton WTP is liquid aluminum sulfate, which is commonly referred to as
alum.

There are several methods for mixing coagulant in the raw water with varying
degrees of effectiveness. Because coagulant reacts in less than a second, it is most
effective when it can react with the most amount of raw water in that first second.
The mixing method employed at Plant 1 is considered to be among the least
effective. The coagulant is pumped into a PVC pipe running along the floor of the
flash mixing basin. The submerged pipe section is perforated to allow the coagulant
to disperse as raw water passes through the baffled flash mixing basin.

Some of the present treatment challenges and observed limitations may be, in part, a
result of this less effective mixing method. A potential solution could be found by
selecting a more effective flash mixing method. Such a modification to the existing
process could be relatively simple and may vyield significant benefits to the treatment
process in Plant 1.

3.1.2 Treatment Process Step 2: Flocculation

Once the coagulant has been added to the raw water, the next step is flocculation.
Flocculation is the process by which the coagulated impurities are mechanically
mixed to encourage formation of larger groupings called floc. Floc will settle out of
the water. In Plant 1, the mixing required for flocculation is achieved through a
motor-driven paddle arm rotating horizontally in the flocculation basin. Exhibit 3.1 is
an image of the flocculation basin 1 in Plant 1.
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Rotating arm for
mechanical mixing

Exhibit 3.1 — Plant 1 Flocculation Basin 1

Plant 1 has two flocculation basins, and the flow out of the first basin feeds into the
second basin. Each basin is equipped with a mechanical mixer. The first basin
mixes at an intermediate speed to encourage initial formation of floc. The second
basin mixes at a more gentle speed to encourage continued enlargement of floc
without breaking up what has already been formed.

A good measure of the effectiveness of the flocculation process is the quality of the
floc being produced. For Plant 1, large sweep floc is desired. Unfortunately, there is
no data for NTUs or particle counts out of the flocculation basin, so the effectiveness
cannot be evaluated at this time. Monitoring of both NTU and particle counts is
recommended to aid evaluating the effectiveness of this step in Plant 1.

215113/r/$16-007 Facility Plan ele[CReV




City of Silverton KELLER
December 2016 Water Treatment Plant associates

Flocculation Process Evaluation Summary

Flocculation is recommended to occur in anywhere from two to six stages, and three
to four stages are most commonly observed. The number of stages needed
depends on the raw water quality and the effectiveness of the sedimentation
process. Tapered flocculation, ranging from high to slow mixing speeds, has been
shown to produce better flocculation results for a sedimentation/filtration process like
Plant 1.

Possible improvements may include replacement of the existing floc basin mixers to
a more efficient design, additional baffling to encourage more serpentine flow
through the floc basins, and the potential addition of more floc stages using space in
the pre-sedimentation basin.

3.1.3 Treatment Process Step 3: Sedimentation

The sedimentation process follows flocculation and is subdivided into pre-
sedimentation and sedimentation. The purpose of sedimentation is to allow the
flocculated solids to settle out of the water prior to filtration. Pre-sedimentation
targets larger heavier particles, while sedimentation aids in the settling of
intermediate to lighter particles.

In Plant 1, flocculated water passes into the pre-sedimentation basin through a single
2-foot square opening located at the center bottom of the slow-mix flocculation basin
wall. The opening is baffled with a corrugated asbestos cement sheet anchored to
the floor of the pre-sedimentation basin 6-inches away from the opening. The baffle
extends the width of the pre-sedimentation basin. Alternatively, water from the slow-
mix flocculation basin can bypass the pre-sedimentation basin through a gated
opening that leads to a 2-foot by 3-foot concrete channel leading directly to the
sedimentation basin inlet.

The pre-sedimentation basin is 14.5 feet wide with 56.5 feet between the entrance
and exit baffles. The floor of the basin slopes slightly upward from entrance to exit.
At the entrance, water is 10.7 feet deep. At the exit, water is 9 feet deep. These
dimensions are generally consistent with typical design dimensions, although
recommended depths usually range from 10-16 feet.

The exit of the pre-sedimentation basin is controlled by a corrugated asbestos
cement baffle extending the width of the basin. There is a uniform 5-inch opening
along the bottom of the baffle through which the flow exits the pre-sedimentation
basin. The bottom of the baffle is approximately 3.5 feet below the normal operating
water surface and 5.5 feet above the basin floor.

As water exits the pre-sedimentation basin, it enters a 2-foot wide, 3.6-foot tall,
rectangular concrete channel. The channel spans roughly 31-feet across two
parallel sedimentation basins. Water leaves this channel through four 12-inch
diameter outlet pipe openings as shown in Exhibit 3.2. Two outlet pipes extend
down into each of the two settling basins. The outlet pipes are cone-shaped and
narrow down from 12-inch diameter openings at the top end to 6-inch diameter
openings at the discharge end. See Exhibit 3.3 for an image of an outlet pipe.
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Exhibit 3.2 — Outlet Pipe Opening in Concrete Channel

Exhibit 3.3 — Outlet Pipe Extending into Sedimentation Basin
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The parallel sedimentation basins are each 16.5 feet wide and 70 feet long with a
gentle slope from entrance to exit. At normal operating depth, the basin is about
10.7 deep at the entrance, and 9 feet deep at the exit.

Each sedimentation basin ends with three sharp-crested weir openings which control
the flow through the sedimentation process. Each opening is 1-foot high and 4.6-feet
wide. The three openings are evenly spaced across a 16.5-foot span.

The recommended weir loading rate is 20,000 gpd/ft of weir. At the recommended
weir loading rate, the capacity of the sedimentation process is calculated to be 0.6
MGD. Pushing more flow through Plant 1 will likely overload the sedimentation
process and reduce its effectiveness. To improve the weir loading rate, addition weir
length could be added by modifying the existing weirs. Addition of finger weirs is a
reasonable approach.

Settling Process Evaluation Summary

The recommended detention time through the sedimentation process is 1.5 to 3
hours. Given the age of the plant, and difficulties treating water during the winter
months, a 3 hour detention time is recommended. This would put the plant capacity
at 1.2 MGD from the standpoint of sedimentation process limitations.

The sedimentation process should produce water with less than 2 NTU. A review of
the plant data shows that the NTU at the end of the sedimentation process is
generally below 2 NTU but sometimes exceeding this value particularly in the winter
months.

A more telling picture is a comparison of the raw water turbidity and the settled water
turbidity. During the winter months, the settled water turbidity is higher than the
incoming raw water turbidity. This is likely due to coagulated solids not being settled
out and the additional turbidity from the coagulant. Rainfall on the settling basins
and other debris and dust from the neighboring areas could also be adding to the
turbidity. Chart 3.1 illustrates the turbidity values in Plant 1 during the winter of 2009.
The plant has not been operated during winter months in recent years, so newer
data is not available.
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Settled vs Raw Turbidity Plant 1
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Chart 3.1 - Plant 1 NTU at the End of the Settling Process 2009 vs Raw Water NTU

The high turbidity in the settled water could also be, in part, a result of inefficiencies
in the flocculation step.

There are ways to improve upon the sedimentation step to make it more effective
and consistent. The inlet to the pre-sedimentation basin could be improved with
additional openings to allow for a more even distribution of flow from flocculation to
sedimentation. The same improvement should be made in the transition from pre-
sedimentation to sedimentation.

Given the slightly shallow depths of the basins, a sudden change in water
temperatures as small as 1°F can change the flow dynamics in the basin and lead to
short-circuiting. The residence times through the basins are already on the lower
end, so short-circuiting can make the problem worse and overload the filters.

Plant 1 is generally inoperable during winter months because of high turbidity
concerns in the plant effluent. However, Plant 2 continues to operate during the
winter. In comparing the two plants, it is important to note differences in the
processes. The same coagulant is used on the same raw water, in both plants. The
filters are also comprised of the same media with the same depth. The mixing and
settling steps are the only substantial differences between the two plants. So, if the
mixing and settling can be improved then it is probable that the winter performance
of Plant 1 will improve.

While cold weather can play a factor, alkalinity and pH of the raw water is considered

to be a far more significant factor in the overall effectiveness of the treatment
process. Jar testing is recommended for testing the effects of pH adjustment and to
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determine the optimal pH adjustment and coagulation dose under various
temperature and raw water scenarios.

3.1.4 Treatment Process Step 4: Filtration

The next step in the treatment process at Plant 1 is filtration. There are two filter
beds operating in parallel, one at the end of each of the parallel sedimentation
basins.

After passing over the weir from the sedimentation basin, water enters a 2-foot wide,
3-foot high, 16.5 foot long trough running along the edge of the filter basin. There
are two u-shaped openings in the trough spaced 6-feet apart along the filter basin
wall. The openings are 2.16-feet wide and water passes through these openings to
enter the filter basin.

A more even flow distribution of water entering the filter basin could potentially
improve filter performance. This could be achieved with relatively minor
modifications to the filter inlet.

Each filter's surface area measures 264 square feet (16 feet by 16.5 feet). They are
2.5-feet in depth and consist of 18-inches of anthracite, followed by 12-inches of filter
sand. Below the filters is a Leopold underdrain system with an integrated cap
installed in 2000.

The recommended maximum loading rate for this type of filter is 5 to 6 gpm/sqft.
This would put the plant’s upper capacity at 3.8 to 4.5 MGD, respectively.

There are no reported problems with filter performance or recovery following a
backwash cycle. However, turbidity profiing of the backwash effluent against
minutes of backwashing could help determine backwash effectiveness.

Plants 1 and 2 use roughly 6-10% of the daily volume produced for backwashing. If
the City would like to reduce this water usage, backwash recapture or the addition of
air scour to the backwash regime could significantly reduce the amount of water
wasted during backwash. Additionally, the City could program backwashing to be
triggered based on a specified pressure differential rather than a timer.

3.1.5 Treatment Process Step 5: Disinfection

Following filtration, the water is disinfected with 0.8% sodium hypochlorite which is
generated onsite. Plant 1 has the ability to add disinfectant before filtered water
enters the 0.026 MG clearwell located under the Plant 1 building. However, under
normal operations, Plant 1 water is not disinfected until it is mixed with Plant 2 water.
This mixing of Plant 1 and Plant 2 water occurs in a 24-inch diameter filtered effluent
pipeline common to both Plant 1 and Plant 2. From that mixing point, water enters
the parallel onsite storage reservoirs where the free chlorine carried in Plant 2 water
is allowed to react with the filtered water from both plants.

Because the disinfection process is combined, the CT evaluation was performed for

both plants using both onsite storage reservoirs. This information is provided later in
this chapter with the Plant 2 evaluation.
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3.2 TREATMENT PLANT 2 PROCESS EVALUATION

Treatment Plant 1 was constructed in 1982, and consists of the following processes:
coagulation, clarification with settling tubes, filtration, and disinfection. This section
evaluates the performance of each process.

3.2.1 Treatment Plant Process Step 1: Clarification

The processes of coagulation, flocculation, and sedimentation occur in a single unit
called a contact clarifier in Plant 2. Raw water enters a contact clarifier through a
single 20-inch diameter raw water supply line. The supply line has a branch off to
the filters before entering the clarifier to accommodate bypassing the clarifier.

The manufacturer’s diagram of the clarifier (WesTech) is shown in Exhibit 3.4. The
unit was originally installed in 1982 and was rated by the manufacturer for a capacity
of 3.8 MGD.

Exhibit 3.4 — Plant 2 Contact Clarifier Diagram (Westech CONTRAFLO)

Based on a review of the construction drawings of the clarifier, it appears that the
flash mixing step uses inline mechanical mixing. Coagulant (liquid alum) is pumped
into the incoming raw water line just before it discharges to the draft
tube/recirculation drum (shown in green in Exhibit 3.4). The primary mixing function
appears to be hydraulic and mechanical mixing. While these methods are not
considered to be as effective as pumped diffusion, they are likely more effective than
the piped diffusion employed at Plant 1.

The coagulated water is flocculated by the intermediate speed mixer (shown in red)
in the draft tube. The flocculated water is then pumped into the reaction well (conical
section shown in blue) for slow mixing and continued flocculation.
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Caustic (NaOH) is sometimes added to the clarifier influent if the raw water alkalinity
is below 5 mg/L. This management of pH will improve the flocculation step in the
clarifier.

As water flows down and out of the reaction well into the clarifier space, high-rate
plastic tube settlers aid in the final clarification step. As water rises upward through
tube settlers, the flocculated solids settle out as illustrated in Exhibit 3.5.

Typical design depth for upflow clarifiers is 9-16 feet. The clarifier in Plant 2
operates with approximately 12.5 feet of depth.

The generally recommended detention time through the clarifier with a high rate
settler is 5-20 minutes.

The surface loading for high rate tube settlers is generally recommended to be 2 to
2.5 gpm/ft2.

Exhibit 3.5 — Settling Tubes Illustration

The clarified water is collected in a launder system on the clarified water surface
above the tube settlers. The launder system is comprised of 9 arms centrally
connected and spaced at equal angles within the clarifier interior. Each arm is lined
with small circular openings along both sides with a trough in the center. The trough
carries water to a central collection point where it ultimately flows into a single 20-
inch diameter filter inlet pipe. Exhibit 3.6 is a photograph taken at Plant 2 showing
both the tube settlers below the water surface and the launder system for collecting
clarified water.
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There are no apparent bottlenecks or issues of concern with the clarifier unit.
However, similar to Plant 1, the settled turbidity from this clarifier unit is generally
below 2 NTU with some peak events during winter months.

A review of the data shows a similar trend in the Plant 2 clarification process as what
is observed in Plant 1 settling process. The settled NTU is often higher than the raw
water NTU during the winter months. This is an indication of an incomplete
clarification process during the winter months. Summer months generally show
settled NTU values lower than raw NTU values. Data from the winter of 2009 is
shown in Chart 3.2.
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3.2.2
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Chart 3.2 — Plant 2 Settled Turbidity, 2009 (Silverton, Oregon)

What the turbidity data cannot show, is the conditioning of the solids. Without
particle count data, it is not feasible to determine if the solids are large filterable floc
or smaller floc and sediment that will foul the filter or possibly pass through the filter.
However, based on the more consistent filter performance in Plant 2, it is probable
that the clarification process is more effective in Plant 2 than it is in Plant 1.

Treatment Plant Process Step 2: Filtration

Settled water exits the clarifier through a 20-inch diameter pipe which leads to the
filter building. The clarifier effluent pipe discharges to a 2-foot tall, 3-foot wide, open-
top metal flume. The flume is located directly beneath a grated walkway between
the two filter bays in the filter building. Each filter bay consists of two filters. Each
filter is fed by a single 16-inch diameter pipe extending from the central flume.
Inside the filter wall, there is an entrance baffle roughly 6-inches from the discharge
end of the 16-inch pipe. The baffle is roughly 4-feet in length centered on the 16-inch
diameter opening. The top of the baffle is about 4 to 5 inches higher than the top of
the 16-inch filter inlet pipe. Exhibit 3.7 is a photograph of the baffle and inlet pipe to
the plant filter.
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Exhibit 3.7 — Plant 2 Filter Inlet Line and Entrance Baffle

Plant 2 filters are a General Filter Company package plant. The filter bed is 30
inches deep with dual media followed by 26-inches of supporting gravel. The dual
media filters consist of 18-inches of anthracite followed by 12-inches of filter sand.

The filter area is reported as 137 square feet per filter for a total of 548 square feet
across four filters. The manufacturer's design filter loading rate is 4.82 gpm/sqft.
Typical filter rates range from 5 to 6 gpm/sqft for this type of filter.

The filters are backwashed using surface wash over a fluidized bed. Backwash
water comes from the high service booster pump station which is located
downstream of the onsite storage reservoirs.

There are no reported or apparent concerns or bottlenecks with the filtration process
in Plant 2.

3.2.3 Treatment Plant Process Step 3: Disinfection

The filter underdrains collect the filtered water into a single 18-inch diameter finished
water pipeline. A 0.8% solution of sodium hypochlorite, which is generated onsite, is
injected into this filter effluent line. Plug flow mixing occurs in the 18-inch diameter
pipe for an estimated length of 116 feet. The 18-inch diameter line connects to a 24-
inch diameter pipe and flows for an additional 45-55 feet before emptying into the
parallel onsite storage reservoirs. Piping allows flow into either reservoir. The 24-
inch diameter pipeline also carries filtered water from Plant 1 which is typically not
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3.3

carrying any additional chlorine. Plant 1 disinfection relies on the chlorine in the
Plant 2 finish water. The water is mixed in the roughly 45-55 foot length of 24-inch
diameter pipe before entering the storage reservoirs.

Caustic soda used for pH control is also injected at the point of mixing.
Temperature, pH, and free chlorine readings are taken in the reservoirs. Based on
those readings, CT calculations have been performed for the combined flows from
Plants 1 and 2.

During the winter, the water in the reservoirs is generally around 5°C. Water
temperatures in the reservoirs are generally 20°C in the summer. Year round, the
pH is typically 8.0. The target giardia inactivation for a conventional treatment plant
such as Plant’'s 1 and 2 is 0.5 log. The target virus inactivation through disinfection is
2 log.

Based on these values, the required CT is 36 mg-min/L in the winter and 14
mg-min/L in the summer. Because the length of 24-inch diameter pipe is so short, its
effect provides minimal benefit to the CT. The clearwell under plant 1 is not typically
disinfected, so its volume is not considered in the CT calculations. The storage
reservoirs are unbaffled, so their hydraulic efficiency factor (T+10/HRT) is estimated at
0.1.

These limitations would put the combined plant production at 6 MGD in the winter
and 15 MGD in the summer assuming 0.6 mg/L residual chlorine in the storage
reservoirs.

Various improvements could be made to improve the CT. These include disinfecting
and adding caustic at the Plant 1 clearwell to take advantage of that volume, adding
baffles to the storage reservoirs, or arranging the storage to operate in series. These
options will be discussed further in the following chapter.

TREATMENT PLANT PROCESS EVALUATION SUMMARY

Table 3.1 summarizes the apparent capacity of the major treatment processes in each of the
plants as discussed in the preceding sections. It is important to note, that the estimated
capacity is under ideal conditions. Actual overall plant capacity depends on the sum of the
processes working together.

Table 3.1 - Estimated Capacity of Treatment Processes

Treatment Plant 1

Process Estimated Process Capacity (MGD) Note

Flash Mixing Not applicable Needs improvement
Coagulation Not applicable Needs improvement
Pre-sedimentation 12 Basin size limits the process by hydraulic

residence time

Sedimentation 0.6

Weir loading rate is the limitation of this
step

Filtration 3.8-4.6

Filter surface area limits the capacity of
this step
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Table 3.1 - Estimated Capacity of Treatment Processes (cont.)

Process Estimated Process Capacity (MGD) Note

Treatment Plant 2

Single proprietary unit. Capacity based on

Clarification 3.8 , .
manufacturer’s rating

Filtration rates for anthracite/sand filters

Filtration 3.9-4.7 can be 5-6 gpm/sqft

Treatment Plants 1 and 2

Based on current operations and

Disinfection Summer 15 . .
configuration

Based on current operations and

Disinfection Winter 6 . .
configuration

Based on the design review and a review of historical plant operations, the estimated plant
capacities are presented in Table 3.2. These values reflect the combined effect of all
treatment process and the resulting water quality.

Table 3.2 - Observed Treatment Plant Performance Limits

Plant Winter Observed Limit Summer Observed Limit
an

(MGD) (MGD)
1 1.0 1.0
2 15 15

The capacity limits are strictly based on observations of plant data and operator input.
Actual capacities can vary depending on multiple factors affecting treatment process
efficiencies.

In addition to evaluating the apparent treatment process limitations, a hydraulic evaluation of
the water treatment plants was performed. The hydraulic evaluation is based on the
information available from the plant record drawings.

As a result of the hydraulic evaluation, it was determined that the conservative hydraulic
capacity for Plant 1 is something less than 3 MGD. The hydraulic restrictions in Plant 1
include the 24-inch square openings between flocculation and presedimentation, the 6-inch
diameter openings between presedimenation and sedimentation, the filter inlets, the 8-inch
diameter filter-to-clearwell piping, and the 14-inch diameter clearwell outlet.

Plant 2 was installed as a package-plant from beginning to end with a predetermined design
capacity of 3.8 MGD. There are no apparent hydraulic restrictions in the plant.

The hydraulic profiles of both plants can be found in Appendix C.
3.3.1 Water Treatment Plant Past Perfformance
Oregon Health Authority (OHA) oversees reporting and enforcement of water quality

regulations. A review of the data available from OHA shows 15 alerts and 2
violations. In evaluating compliance, Keller Associates also reviewed a recent
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consumer confidence report. Each of these are summarized and briefly discussed
as they pertain to the water treatment plant’s performance. The alerts, violations and
confidence report can all be referenced in Appendix D.

Alerts

As described by OHA, alerts indicate water quality tests with analytical results
greater than the detection limit or one-half of the maximum allowable contaminant
level. Alerts are not water quality violations. The 15 alerts for Silverton span from
1999 to 2010. Ten are for chlorine residual levels being undetectable in the
distribution system, three alerts are for total coliform presence in the distribution
system, one is for Nitrite level of 0.6 mg/L detected at the treatment plant, and one is
for 0.0013 mg/L of Tetrachloroethylene in 1999. These alerts do not appear to be
related to design deficiencies of the treatment processes at Plants 1 or 2.

Violations

There are two violations for the Silverton Water Treatment Plant on record, and both
have to do with late or incomplete reports. They are dated May 2012 and March
2014. Once again, neither are related to design deficiencies of the treatment
processes at Plants 1 or 2.

Consumer Confidence Reports

The City prepares consumer confidence reports on an annual basis to provide water
quality information to the public. At the time this analysis was completed, the most
recent water quality report is from 2014. The report shows the water treatment plant
to be in compliance with regulations for disinfection byproducts, inorganic chemicals,
microbiological, lead, and copper limits.

3.4 TREATMENT PLANT CAMPUS PHYSICAL CONDITIONS EVALUATION

This section contains general observations regarding the physical conditions of the concrete
structures and major equipment at the treatment plant campus.

3.4.1 Concrete Structures

Concrete structures throughout the plant have the following deterioration conditions:

o Erosion of the concrete surface
o Exposed reinforcing steel

e Expansion joint failure

e Miscellaneous metal corrosion
¢ Cracking and leakage

o Vegetation buildup

e Surface crazing

Erosion of the Concrete Surface

The concrete work is generally in poor condition although not necessarily structurally
inadequate. Most of the concrete at weather exposed edges and at the water line of
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the process basins has severe to moderate surface erosion. The erosion occurs
from attack of moisture and flowing water that removes the cement paste from the
concrete which allows the paste at the surface to fall off leaving a rough exposed
aggregate surface. The erosion can advance over time to expose reinforcing steel
that once was below the surface. At some locations this reinforcing exposure has
already occurred; particularly at the top of walls where the exposure to weather is
severe. On the side face of walls in tanks and launders the erosion occurs more
uniform and exposure of reinforcing steel takes longer to become visible.

The eroded areas of concrete could be repaired by surface preparation and applying
a repair mortar containing silica fume pozzolan. The pozzolan provides a dense
surface to the concrete and increases the concrete’s resistance to erosion.
Application of the silica fume repair mortar cannot be successfully applied to the top
of narrow walls; it works better on the side face of walls. The top of narrow walls and
in launders where the walls are thin could have cap concrete mortar applied or the
entire wall replaced. The concrete launders will have to be replaced. The cap
concrete is installed by removing the top few inches of concrete and forming the top
of wall so new concrete can be placed. The reinforcing steel at the top would be
replaced at the same time as the top of wall.

Exposed Reinforcing Steel

Exposed reinforcing is occurring where cover concrete has eroded away. The
erosion process has removed the cement paste allowing the concrete surface to
erode away and leave the underlying reinforcing steel exposed at the surface. The
steel is a mild unprotected carbon steel subject to corrosion deterioration if allowed
to be exposed to weather and corrosive elements at the concrete surface. Corroded
steel cannot be effectively repaired; it must be replaced with new steel and recast
into new concrete attached to the old concrete. A more thorough evaluation of the
exposed reinforcing is necessary in order to determine the extent of the corrosion.
Exhibit 3.8 is a photograph taken of the exposed concrete reinforcing at the water
treatment plant.
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Exhibit 3.8 — Exposed Concrete Reinforcing

Expansion Joint Failure

The expansion joint material used in the expansion joints has deteriorated and
become only partly effective. The expansion joints should be repaired by
refurbishing the expansion joints. The old material should be removed and new
expansion joints installed. The new material will be different than the old since the
old material was installed in the wall joint during casting of the concrete and the new
joint will have to be inserted into the existing old joint. The insertion process includes
cutting out part of the old joint with a diamond edge saw so the new material can be
placed. Some mortar repair work will be required when the joint repair is being done.

Miscellaneous Metal Corrosion

Miscellaneous metal items have paint failure and corrosion. Miscellaneous metal
items are generally not structural members but items like handrail, baffles, brackets
and pipe supports. The paint coating on the metal has deteriorated and allowed the
underlying metal to be exposed to the weather and treatment process; this has
caused corrosion. Repairing corroded metal is not practical so replacement is
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recommended. Replaced metal will require new painting after installation or will
need to be otherwise corrosion resistant.

Cracking and Leakage

The 1MG concrete tank and the concrete basins in Plant 1 have cracked and are
leaking. The volume of liquid leaking is small but the leaks are causing efflorescence
deterioration. This is visible as a white crystalline deposit forming at or near the
concrete cracks. The deposit builds up where the leaking water leaches material
from the concrete. The deposit is not harmful
itself but the formation shows the leakage is
coming through the concrete walls and likely
corroding the reinforcing steel in the wall. The
wall should be treated on the inside with a
protective coating and repair mortar to prevent
the leakage from continuing. The damage to
the inside of the wall at the cracks and to the
reinforcing steel can effectively be repaired but
some reinforcing replacement may be required
at location where the most severe deterioration

has occurred.

Exhibit 3.9 — Cracked Concrete Leaks
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Vegetation Buildup

The moist environment and lack of adequate cleaning has caused severe buildup of
moss, fungus and lichen organisms on the concrete. These are damaging to the
concrete if allowed to grow over a period of time. The organisms do not only attack
the concrete surface but they also trap dirt and moisture on the surface. The trapped
moisture and dirt accelerates the spall and flaking of the concrete paste resulting on
exposed aggregate at the surface and exposed reinforcing steel. The growth buildup
should be thoroughly cleaned off using pressure washers and an ongoing program
started to regularly clean the surfaces so buildup does not occur.

Surface Crazing

Surface Crazing is a surface defect in concrete that consists of a network of small
cracks in a random pattern. The cracks usually start shortly after construction due
to inadequate curing and premature drying. They are very small at first and become
more pronounced over time. The cracks start to form efflorescence over time which
intensifies the visibility of the cracks. The cracks generally do not cause severe
deterioration but can cause surface spalling. Repairing the crazing with a thin mortar
is not effective; repairing the crazing is not recommended.

With these improvements, it is estimated that the concrete structures would last
another 20 years.

3.4.2 Physical Condition of Major Equipment

Table 3.3 provides an estimate of the remaining useful life of the major equipment in
both plants. The estimates are based on a review of the construction drawings,
approximate installation dates, operator interviews, and physical observations during
a plant tour.

Table 3.3 - Estimated Remaining Useful Life of Major Plant Equipment

Estimated Remaining Life

Equipment o

Plant 1

Flocculation mixers and motors 5
Filter underdrains 10
Filter surface washers 10
Mechanical piping 30
Valves, and slide gates 15
Electrical control panels/PLCs 3
Chemical feed pumps 3
Parshall flume 15
Onsite chlorine generator* 0

*Currently being replaced
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Table 3.3 - Estimated Remaining Useful Life of Major Plant Equipment (cont.)

Estimated Remaining Life

Equipment o

Plant 2

Clarifier tube settlers 20
Clarifier mechanical 10
Filter underdrains 5
Filter Surface Washers 5
Mechanical piping 50
Valves, and slide gates 20
Electrical Control panels/PLCs 3
Chemical feed pumps 3
Chemical storage tanks 3
Standby power generator 5

3.5 EXISTING CONDITIONS CONCLUSION

The existing plants are in need of improvement and reinvestment. However, they appear to
be fundamentally sound. With some effort, it is likely that the plants could continue to
function for another 15 years.

The following chapter will evaluate the potential cost involved and explore other options for
Silverton if that investment is allocated elsewhere.
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CHAPTER 4.0 - FUTURE OPTIONS

There are several options for addressing the WTP deficiencies identified in Chapter 3.
Fundamentally, the City has two important decisions to make regarding future options. The
first is to decide what to do with the existing plants. The existing WTP site is small and can
only accommodate future expansion using treatment technologies with compact footprints.
If the WTP were to move to a larger site, then other treatment technologies could be
considered without the footprint limitations. An additional issue related to the first decision is
the question of timing and phasing of improvements. For example, is it better to keep the
plants running, or is better to replace them today and start anew. With City staff input, three
potential alternatives addressing these considerations of what to do with the plants were
defined for evaluation. These alternatives are presented and discussed in this chapter and
a recommendation is provided.

The second decision is, when the plants are replaced, which water treatment technology is
best suited to replace them. Given the age and condition of the plants, replacement is
inevitable. It is only a question of when and with what.

Sections 4.1-4.3 of this chapter consider the alternatives of what to do with the existing
plants. Tables summarizing the advantages and disadvantages of the three options can be
referenced in Appendix E. Section 4.4 considers the potential treatment technologies to
replace the existing plants.

4.1 OPTION 1: REPAIR AND MAINTAIN THE EXISTING PLANTS

At nearly 60 years of age, Plant 1 is in the greatest need of repair and improvement. At
nearly 30 year of age, Plant 2 is at the end of its design life and it is anticipated that major
components will likely begin to require increased maintenance, repair, and replacement.

Option 1 is to repair and enhance Plant 1 with the hope to extend its life another 15 years.
The enhancements would target a year-round production rate of at least 2.0 MGD. Under
this option, it is assumed that after 15 years, Plant 1 would be demolished and replaced.

Plant 2 is not assumed to have significant enhancements under Option 1, but would
continue to be maintained and repaired over the next 15 years. At which point, it is
assumed that Plant 2 would be demolished and replaced.

Maintenance and repair costs at Plant 2 over the next 15 years are anticipated to be higher
than what has been experienced to this point. It is assumed, for example, that major
mechanical components in the treatment process would be replaced in the next few years.
An optimization study of Plant 2 is also recommended under this option in order to target a
year-round production rate of at least 2.0 MGD.

Based on the City’s water system master plan, the production needed from both plants
today is roughly 2.98 MGD. Over the next 15 years that need is projected to rise to 3.98
MGD. Therefore, with a targeted minimum of 2.0 MGD from each plant, they would have
sufficient capacity to provide for the projected needs in 2031 when they would be replaced.

Another assumption under Option 1 is that a single new 6.4 MGD plant would be
constructed in year 2031 where the existing plants now stand. This new plant would be
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expected to last 40 years and would be expandable to accommodate greater demands. The
projected demand in 40 years (year 2055) is 6.4 MGD.

The treatment technology of the new plant could be any number of options. Membrane
technology is used here for comparison between options because it is a conservative
treatment technology. However, other treatment technologies are also evaluated in this
chapter.

Based on the evaluation and recommended improvements provided in Chapter 3 of this
report, it is estimated to require $14.0 million dollars to fully implement Option 1. An
estimated $6.0 million would be needed for short term improvements of the existing plants,
and approximately $8.0 million to replace the plants in 15 years. Supporting details of this
opinion of probable cost can be found in Appendix F.

4.1.1 Evaluation of Option 1

Option 1 would have the advantage of delaying the expense of replacing the existing
plants. The treatment technology is familiar to the operators and would not require
additional staffing or training. The challenges the operators will face over the next 15
years will be very predictable because they will only be an extension of the challenges
they currently face.

The disadvantage of Option 1 is that it only temporarily alieves the problem at a
significant expense. In 15 years, the capital expended on this option will be lost and
the new plant will require much greater expense.

Replacing both plants on the same site will present a construction challenge, and
added expense, to keep one plant running while constructing the new plant in such
close proximity. The treatment plant site is small and there is not much room for
typical construction needs.

Option 1 is not the recommended option.

4.2 OPTION 2: REPLACE PLANT 1 TODAY, AND PLANT 2 IN 15 YEARS

As an alternative to waiting 15 years to replace both plants, the replacement could be
staggered. The oldest plant, Plant 1, would be replaced today while Plant 2 would be
maintained for another 15 years, and then replaced.

Plant 1 would be replaced with a 3.2 MGD membrane plant on the existing Plant 1 site.
However, this new plant would be designed for easy expansion.

Plant 2 would remain in operation as a peaking plant and as such would only need to
operate when the potable water demands exceed the capacity of the new membrane plant.
Despite its infrequent use, it would require significant maintenance, repair, and replacement
in order to be ready when needed. The new membrane plant and Plant 2 would have a
combined capacity of at least 4.5 MGD to meet the projected 15-year potable water
demands. Chart 4.1 presents the capacity versus the projected demand through the year
2050. These capacities are estimates and the target production rate should be re-evaluated
during the design process.
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After 15 years, Plant 2 would be demolished and the new membrane plant which replaced
Plant 1 would be expanded to 6.0 MGD. The expanded capacity is projected to meet the
potable water needs of the City for another 40 years.

Potable Water Demands and Treatment Capacity Projections

Flow (MGD)

—— MDD (MGD)

Treatment Capacity (MGD)

2015 2020 2025 2030 2035 2040 2045 2050 2055

Chart 4.1 — Demand vs Capacity

Option 2 is estimated at $9.4 million fully implemented. An estimated $5.9 million dollars for
improvements today, and $3.5 million for improvements in 15 years. Supporting details of
this opinion of probable cost can be found in Appendix F.

4.2.1 Evaluation of Option 2

The advantage of Option 2 is that it delays some of the expense encountered in
replacing both of the existing plants. It eliminates the maintenance challenges
associated with Plant 1. This option will also eliminate the most problematic plant
today.

The disadvantage of this option is that it delays the problems at Plant 2 at a significant
expense. In 15 years, when Plant 2 is replaced, that capital investment associated
with major repairs, replacements, and maintenance activities will be lost. Additional
cost will still be incurred at that time to replace the capacity of Plant 2.

This option will perpetuate the challenges of operating two different plants with
different treatment technologies. Additionally, the membrane technology is a very
different technology from what is on site now and will likely require significant training
of the existing operators.

As with Option 1, replacing both plants on the same site will present a construction
phasing challenge, and added expense, to keep one plant running while constructing
the new plant in such close proximity. The treatment plant campus is small and there
is not much room for typical construction needs.

Option 2 is not the recommended option.

4.3 OPTION 3: REPLACE PLANTS TODAY WITH ENHANCED CLARIFICATION
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With Option 3, both plants would be replaced today. Enhanced clarification was evaluated
as the treatment technology. This is similar technology to what is on site now at Plant 2.
However, this technology would require a larger footprint than membrane technology.

Option 3 includes purchasing the land adjacent to the existing plants and constructing the
new enhanced clarification plant on the new land. If acquisition of the adjacent properties is
delayed or prevented, the plant could still be constructed within the limits of the existing
property and the available city right-of-way to the east of the plant campus (See Figure in
Appendix A). It is assumed that the existing plants would remain in operation during
construction of the new plant. Once the new plant is constructed, Plants 1 and 2 would be
demolished.

The new plant would target a capacity of 4.5 MGD. This is expected to meet the projected
potable water needs of the City for the next 15 years. The new plant should be expandable
to at least 6.0 MGD when required by the demands (See Chart 4.1).

Option 3 is estimated at $10.4 million. An estimated $6.8 million dollars for improvements
today, and $3.5 million for improvements in 15 years. Supporting details of this opinion of
probable cost can be found in Appendix F.

4.3.1 Evaluation of Option 3

This option would eliminate the challenges presented by both of the existing plants and
put treatment under one roof with one technology. It would also focus capital
expenditure on a permanent solution for the City which could last for a projected 40
years.

This treatment technology should be familiar to the operators and is not likely to
require significant training.

Because the new plant could be constructed on an adjacent site, the construction
phasing should be less complicated and less costly.

The disadvantage to this option is that it should require a high amount of initial capital
investment. Acquisition of the land adjacent to the existing parcels (See Figure 1 in
Appendix A) could be a challenge because it is privately owned and has residential
structures on each property.

Because of the advantages of resolving the existing water treatment challenges today,
Option 3 is the recommended alternative.

4.4 TREATMENT TECHNOLOGY ALTERNATIVES

Membranes and enhanced clarification technologies were the two primary technologies
considered for comparison purposes in determining what to do with the existing plants. As
Option 3 is the recommended future option, the focus now turns to the type of treatment
technology that could be employed.

Four viable technologies are considered in this section and compared side by side. The
intent of the comparison, is to narrow the options down to the top two technologies which
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should then be piloted side by side during the predesign phase of the project. It is
anticipated that the piloting data will serve as a guide for the City in making the final
treatment technology decision.

The four treatment technologies considered here include conventional treatment, ballasted
clarification, buoyant media clarification, and membranes.

Conventional treatment is the technology currently used at Plant 1. It is the oldest form of
water treatment among the options considered here. It is typified by distinct basins for each
step in the treatment process. A flash mixing cell, followed by phased flocculation basins, a
pre-sedimentation basin, sedimentation basin, a filter bed, and a disinfection clearwell.
There are no proprietary processes or equipment.

Ballasted clarification is a common form of surface water treatment that utilizes heavy
particles of sand, ore, and other materials in the clarification process. The heavy particles
speed up the clarification process and reduce the footprint requirement. Once the water is
clarified it passes onto multi-media filters and disinfection. There are several equipment
manufacturers who provide various forms of ballasted clarification systems.

Buoyant media clarification is a proprietary process that uses rapid settling and adsorptive
media to treat the raw water. The steps in the treatment process overlap each other,
sometimes occurring concurrently and in the same basin which greatly reduces the footprint
requirements and speed of the process. The process is patented to a single manufacturer.

Membranes treatment utilizes a physical barrier that allows only water and certain solutes to
pass through based on the pore size of the membrane. Generally, coagulation chemicals,
filter aid chemicals, and settling time are not required. There are four levels of membrane
filtration and they are defined by the membrane pore size. From largest to smallest pore
sizes, the four membrane types are microfiltration, ultrafiltration, nanofiltration, and reverse
osmosis. Each type is intended for specific treatment requirements and operating
conditions. Based on the relatively good raw water quality at Silverton, the proposed
membrane type for Silverton is ultrafiltration.

4.4.1 Comparison of Treatment Technologies

Each of the treatment technologies considered here could be capable of successfully
treating Silverton’s raw water supplies to drinking water standards. However, each
technology has different aspects that may better suit site specific conditions, financial
constraints, or operator preference.

To assist in narrowing down the technology alternatives, factors that are most
important to the City of Silverton were rated and compared side by side. Each of the
factors was given a weighting factor to reflect the fact that some factors, such as
capital cost, are more important to the City than ease of operation. Table 4.1 shown
below illustrates the factors, the weights, and the rankings of each of the treatment
alternatives.
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Table 4.1 - Treatment Technology Comparison Matrix.

Technology Options
Weight % (ranked bestis 4, worstis 1)

Factor Option 1 Option 2 Option 3 Option 4
More weight to Flocculation, rapid Ballasted Buoyant Media
more important clarification, Clarification and| Clarification Membranes
factors filtration Filtration and Filtration
Capital Cost 37% 1.9 4.0 3.8 3.7
O&M Costs 13% 4.0 3.6 3.8 3.0
Physical footprint 10% 3.3 3.8 3.2 4.0
Ease of operation 5% 4.0 2.5 3.0 1.0
Robust Treat t
obust freatmen 10% 4.0 3.0 2.0 1.0
Process
Environmental 10% 4.0 2.0 3.0 2.0
Sustainability
Expandability 15% 1.0 2.0 3.0 4.0
Score (highest is best) 2.7 33 33 3.1

As shown in Table 4.1, ballasted clarification and buoyant media clarification tied as
the best treatment technology options. Both of these technologies are similar in
nature. City staff would like to focus on these two technologies moving forward. It is
recommended that both types be pilot tested at the WTP as part of the predesign
process. One treatment technology type should be selected and performance
standards established in the predesign phase of the project.

Considering the cramped conditions of the existing treatment plant campus, it is
recommended that the City pursue the option of acquiring the land adjacent to the
existing WTP. These properties could facilitate a smoother transition from the
existing plants to commissioning the new plant.

4.5 SUMMARY

The considerations presented in this chapter outline the development of the
recommendation and the supporting details to allow the City to determine their preferred
course of action.

Option 3 is the recommended alternative, which is to replace the existing plants and focus
City resources on constructing a new WTP on the land adjacent to the existing plants. Of
the viable treatment technologies identified in this chapter, ballasted clarification and
buoyant media clarification are recommended for further consideration and piloting in the
predesign phase of the project.
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5.0 CAPITAL IMPROVEMENT PLAN

5.1 GENERAL

This section provides a capital improvement plan (CIP) for the recommended improvements
discussed in Chapter 4. The CIP includes opinions of probable costs for the
recommendations, and are presented in three general categories — Priority 1, 2, and 3
improvements. Each generally target improvements that should occur within 5, 10, and 20
years, respectively.

5.2 CAPITAL IMPROVEMENT PLAN

Table 5.1 summarizes the priority improvements recommended for the City of Silverton
water treatment facilities, and provides an opinion of probable cost for those improvements.
It should be noted that this capital improvement plan is in addition to the capital
improvement plan for the distribution system. Approximately $15.2 million in capital
improvements have been identified for the 20-year planning horizon. The City should
recognize that flexibility in the completion of many of these improvements may be
warranted. For example, the City should consider accelerating projects if growth occurs
faster than anticipated. Also changes in permit requirements may require new projects to be
considered. Costs are shown in 2016 dollars and represent concept level costs that should
be updated as part of project pre-design efforts. A more detailed description of these
improvements and a breakdown of the cost assumptions can be found in Appendix G.

The City currently has System Development Charges (SDCs) for the water system. Some
of the proposed projects are SDC eligible, with a percentage of the project cost that could be
allocated to the development community. Keller Associates has estimated the percent SDC
eligibility for the capital improvement projects in Table 5.1.

TABLE 5.1 - 20-Year Capital Improvement Plan

Project Description Primary Purpose Cost Percent SDC SDC Amount City's Estimated
(2016 Dollars) Eligible Portion

Priority 1 Improvements
la [Silver Creek Pump Station Capacity and Reliability | $ 2,702,000 23% S 611,000 | $ 2,091,000
1b |Abiqua Intake Reliability S 376,000 16% S 59,000 [ $ 317,000
1c [Backwash S 50,000 29% S 15,000 | $ 35,000
1d |WTP option 3 (4 MGD today) Capacity and Operations | $ 6,888,000 25% $ 1,753,000 | $ 5,135,000
Total Priority 1 Improvements | $ 10,016,000 $ 2,438,000 | $ 7,578,000

Priority 2 Improvements
2a |Abiqua Intake | Capacity and Operations | $ 619,000 0% $ - $ 619,000
Total Priority 2 Improvements | $ 619,000 $ - $ 619,000

Priority 3 Improvements
3a |Abiqua Intake Operations and $ 977000| 29% |$ 288000 689,000

Environmental

3b  [WTP option 3 (Expand to 6.0 MGD in 15 years) Capacity $ 3,553,000 6% S 201,000 | $ 3,352,000
Total Priority 3 Improvements | $ 4,530,000 S 489,000 | S 4,041,000
TOTAL[ $ 15,165,000 [ 2927,000] s 12,238,000

*All costs in 2016 dollars. Costs include engineering and contingencies.
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5.3 6-YEAR CIP (PRIORITY 1 IMPLEMENTATION SCHEDULE)

The project schedule for each project will be determined at a later date by the City during
the predesign phase for each proposed improvement. An estimated schedule for the first
six years is shown in the 6-year CIP (Table 5.2). An annual inflation of approximately 3.5%
was assumed for establishing future capital costs.

Table 5.2 - 6-Year CIP

Project Cost

ID# Project Description (Rounded) Capital Improvement Costs (Inflated Dollars)*
FY '16/'17 FY'17/'18 FY '18/'19 FY '19/'20 FY '20/'21 FY '21/'22
la Silver Creek Pump Station | $ 3,032,000 [ $ 111,600 | $ 115,600 [ $1,378,000 | $ 1,426,200 | $ -1s
1b Abiqua Intake? $ 461,000 |$ - -|$ -1$ -|$ 59,600 ($ 400,500
1c  |Backwash® $ 55,000 | $ -|$ 31,700 $ 22,800 S -3 -3
1d WTPoptionEB3 S 7,949,000 | $ 53,600 | $ 556,400 | $ 698,000 | $ 3,263,300 | $3,377,500 | $
Total $ 11,497,000 | $ 165,200 [ $ 703,700 | $2,098,800 | $ 4,689,500 | $3,437,100 | $ 400,500
1. Annual inflation assumed for establishing future capital costs = 3.5%

2. Abiqua Intake and Backwash includes predesign, design, permitting and bidding in the first year.
3. WTP option 3 includes piloting the first year, pre-design the 2nd year and design/bidding the third year.

5.4 POTENTIAL USER RATE IMPACTS

The existing residential water user rates as of July 1st, 2016 are comprised of a monthly
base charge, a fixed fee and a usage charge. The base charge ranges from $13.70 for a %-
inch meter size to $228.26 for 4-inch meter size. The fixed fee is $3.56 per customer, and
the usage charge is $2.32 per 100 cubic feet of water consumed. For the purposes of this
study, average existing residential monthly user rates were calculated based on a %" meter,
and average residential consumption based on 2014 water usage data (992 cubic feet or
7,420 gallons).

Average monthly user rate impacts, which can be seen in Table 5.3 below, were calculated
for each priority improvement based on a 20 year loan with a 2.0% interest rate. These rate
increases assume that SDC charges are not currently available for funding the
improvements and that existing annual revenues are adequate for and equal to existing
annual expenses. Actual rate impacts may vary depending on the user rate structure and
changes in water usage patterns.

Table 5.3: User Rate Impacts

Annual Payment Average Mo. User Average Mo.

(20 year, 2.0%) Rate Increase User Rate
Existing User Rates (Mo.) - - S 40.28
Priority 1 Improvements S 612,546 | $ 14.71 | S 55.00

*2016 Rates for Residential Users
**Based on 3,469 connections (Aug, 2016)

Alternate debt service options that were investigated are private 20-year loan funding at
4.0% interest, and Safe Drinking Water Revolving Loan (SDWRL) 20 year loan at 1.7%
interest with 10% loan forgiveness (maximum of $250,000). A $2,500,000 project would
qualify for the maximum available of $250,000. Silverton is currently above 100% statewide
MHI so the City would qualify for the principle forgiveness. Private funding sources (4% loan
rate) for Priority 1 improvements would correspond to a 4.8% increase in the Priority 1 rates
listed in Table 5.3. This corresponds to a user rate of $59.17. Similarly, the SDWRL rate
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and loan forgiveness would correspond to a 3.0% decrease in the Priority 1 rates listed in
Table 5.3. This corresponds to a user rate of $53.15. Keller Associates recommend that the
City pursue a SDWRL to help mitigate increases in user rates.

After reviewing the City’s water treatment plant budget with City staff, it appears that there is
little or no surplus revenue that could be set aside for the priority improvements. The City
currently has no funds set aside or reserved for water treatment plant improvements. The
funding plan for the water treatment plant will compete for funds needed for the new two
million gallon tank and the Silver Creek pump station and pipeline projects. City staff
indicated that there are no payments on existing loans that could be allocated to future
payments for the recommended water treatment plant improvements.

There is however a small amount of funds that may be available to pay for piloting and some
pre-design of the water treatment plant improvements. Keller Associates recommends the
City proceed in this manner targeting this winter for piloting the various technologies
discussed in the previous section.

This potential rate impact summary did not evaluate alternative rate structures (i.e.
variations in base rate and commodity schedules). Keller Associates recommends that any
rate increases resulting from increased debt obligation be funded by an increase in the utility
base rate, as these costs represent fixed costs to the water utility.

It should be noted that the City should plan on annual user rate increases of 2 to 5 percent
to account for inflation.

5.5 POTENTIAL SYSTEM DEVELOPMENT CHARGE (SDC) IMPACTS

The City’s current water System Development Charge (SDC), effective as of July 1, 2016,
for a single family home with a %-inch meter is $5,504. The water SDC is typically divided
into two components, reimbursement and improvement. The scope of this study included
estimating the SDC eligibility for each identified capital improvement. It is the intent that this
information will be utilized by the City’s financial consultant to update the City’s SDCs. The
estimated SDC eligibility for each identified capital improvement is shown in Table 5.1.
More details on data used to develop SDC percent eligibility can be referenced in Appendix
G.

The percent SDC eligible factored in the existing and future design flows, existing capacity,
and improved capacity. The amount of capacity that can be utilized for future connections
(eligible reserve) is divided by the lesser of improved capacity or future demand up to the
end of the planning period to obtain percent SDC eligible. Where improvements were
indicated to benefit both existing and future users, the percentage was determined based on
a 29% increase in population over the planning period. Replacement or rehabilitation
projects without increases in capacity are not eligible for SDCs. The priority 1b Abiqua
Intake project has elements of both eligible and ineligible SDCs.

5.6 OPERATION AND MAINTENANCE

The user rate impacts do not account for potential operation and maintenance costs
associated with the recommended improvements. Improvements at the water treatment
plant could reduce O&M costs by eliminating the need for activities due to the old age of
some facilities. While some increase in O&M is anticipated with some of the new treatment
plant facility components, they are anticipated to be more than offset by other reduced labor
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and maintenance activities. In fact, with new facilities for the intake and treatment plant, it
may be that maintenance demands could decrease slightly. The existing facilities require
level 3 water treatment plant operators. Based on conversations with Oregon Drinking Water
Services, it is anticipated that the new facilities will not affect the operator level required for
the water treatment plant. Keller Associates recommends that the operating budget impacts
be refined as part of the recommended piloting activities.
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Data from
Copy of flow
reports.xlsx

Year
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
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2009
2009
2009
2009
2009
2009
2009
2009
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2009
2009
2009
2009
2009
2009

Month
1
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Date
1/1/2009
1/2/2009
1/3/2009
1/4/2009
1/5/2009
1/6/2009
1/7/2009
1/8/2009
1/9/2009

1/10/2009
1/11/2009
1/12/2009
1/13/2009
1/14/2009
1/15/2009
1/16/2009
1/17/2009
1/18/2009
1/19/2009
1/20/2009
1/21/2009
1/22/2009
1/23/2009
1/24/2009
1/25/2009
1/26/2009
1/27/2009
1/28/2009
1/29/2009
1/30/2009
1/31/2009
2/1/2009

2/2/2009

2/3/2009

2/4/2009

2/5/2009

2/6/2009

2/7/2009

2/8/2009

2/9/2009

2/10/2009
2/11/2009
2/12/2009
2/13/2009
2/14/2009
2/15/2009
2/16/2009
2/17/2009
2/18/2009
2/19/2009
2/20/2009
2/21/2009
2/22/2009
2/23/2009
2/24/2009
2/25/2009
2/26/2009
2/27/2009
2/28/2009
3/1/2009

3/2/2009

3/3/2009

3/4/2009

3/5/2009

3/6/2009

3/7/2009

3/8/2009

3/9/2009

3/10/2009
3/11/2009
3/12/2009
3/13/2009
3/14/2009
3/15/2009
3/16/2009
3/17/2009
3/18/2009
3/19/2009
3/20/2009
3/21/2009
3/22/2009
3/23/2009
3/24/2009
3/25/2009
3/26/2009
3/27/2009
3/28/2009
3/29/2009
3/30/2009

Total Flow
Treated

MGD
1.132
1.140
1.180
1.188
1.125
1.282
1.375
1.206
1.500
0.969
1.125
1.438
1.294
1.194
1.159
1.054
1.183
1.113
1.247
1.192
1.178
1.191
1.073
1.263
1171
1.169
1.203
1.237
1.150
1.122
1.183
1.192
1.156
1.155
1.245
1.250
1.170
1.149
1.187
1.173
1.169
1.146
1.187
1.173
1.100
1.027
1.008
1.100
1.198
1.191
1.129
1.181
1.080
1.143
1.193
1.043
1.169
1.352
1.162
1.159
1.185
1.140
1.180
1.152
1.155
1.019
1.083
1.255
0.504
1.817
1.088
1.184
1.127
1.088
1121
1.163
1.204
1.137
1.193
1.084
1.096
1.118
1.170
1.185
1.158
1.337
1.114
1.136
0.904

Flow to High Level Reservoir

Run Hrs.

Flow (MGD)
0.389
0.370
0.389
0.383
0.416
0.337
0.429
0.323
0.416
0.350
0.238
0.535
0.350
0.363
0.356
0.330
0.350
0.350
0.343
0.330
0.323
0.337
0.323
0.363
0.337
0.317
0.330
0.330
0.323
0.330
0.350
0.356
0.317
0.317
0.330
0.337
0.343
0.356
0.356
0.317
0.323
0.323
0.310
0.343
0.330
0.330
0.330
0.330
0.337
0.337
0.330
0.350
0.330
0.330
0.323
0.310
0.323
0.337
0.337
0.337
0.323
0.323
0.323
0.323
0.277
0.277
0.330
0.383
0.271
0.475
0.297
0.356
0.350
0.330
0.323
0.330
0.337
0.323
0.330
0.343
0.330
0.330
0.317
0.337
0.323
0.211
0.337
0.350
0.317

Percent of Treated Flow
going to HL

%
34.4
324
33.0
32.2
37.0
26.3
31.2
26.8
27.7
36.1
211
37.2
27.0
304
30.8
313
29.6
314
27.5
27.7
27.5
28.3
30.1
28.7
28.7
27.1
27.4
26.7
28.1
29.4
29.6
29.9
27.4
27.4
26.5
26.9
29.3
31.0
30.0
27.0
27.7
28.2
26.1
29.3
30.0
32.1
32.7
30.0
28.1
28.3
29.2
29.6
30.6
28.9
27.1
29.7
27.7
24.9
29.0
29.0
27.3
28.4
27.4
28.1
24.0
27.2
30.5
30.5
53.7
26.2
27.3
30.1
31.0
30.3
28.8
28.4
28.0
28.4
27.7
317
30.1
29.5
27.1
28.4
27.9
15.8
30.2
30.8
35.0

From Filemaker Files

Total Flow (MGD)
2.000
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
2.200
2.200
2.201
2.137
2.201
2.201
2.142
2.149
2.201
2.229
2.196
2.244
2.238
2.199
2.140
2.189
2.236
2.218
2.202
2.254
2.230
2222
2.246
2.260
2.226
2.234
2.244
2.236
2.261
2.217
2.200
2.200
2.199
2.200
2.264
2.269
2.277
2.232

2.249
2.237
2.226
2.281
2.285
2.267
2.280
2.294
2.243
2.284
2.248
2.291
2.286
2.300
2.282
2.199
2.236
2.219
2.273
2.273
2.291
2.250
2.269
2.312
2.274
2.291
2.282
2.268
2.293
2.246
2.275
2.297
2.070
1.934
1.934
1.276

Treated Flow
- Filemaker
Flow

MGD
-0.868
-0.360
-0.320
-0.312
-0.375
-0.218
-0.125
-0.294
0.000
-0.531
-0.375
-0.062
-0.206
-0.306
-1.041
-1.146
-1.018
-1.024
-0.954
-1.009
-0.964
-0.958
-1.128
-0.966
-1.025
-1.075
-1.035
-0.962
-0.990
-1.067
-1.053
-1.026
-1.046
-1.099
-0.985
-0.972
-1.076
-1.111
-1.039
-1.061
-1.075
-1.090
-1.074
-1.044
-1.100
-1.173
-1.191
-1.100
-1.066
-1.078
-1.148
-1.051

1.080
-1.106
-1.044
-1.183
-1.112
-0.933
-1.105
-1.121
-1.109
-1.103
-1.104
-1.096
-1.136
-1.267
-1.217
-1.027
-1.695
-0.419
-1.131
-1.089
-1.146
-1.203
-1.129
-1.106
-1.108
-1.137
-1.098
-1.198
-1.172
-1.175
-1.076
-1.090
-1.139
-0.733
-0.820
-0.798
-0.372

From Filemaker
Influent Flow

Influent Flow (MGD)
1.132
1.140
1.180
1.188
1.250
1.282
1.375
1.206
1.500
0.969
1.125
1.438
1.294
1.194
1.159
1.054
1.183
1.113
1.247
1.192
1.178
1.191
1.073
1.263
1171
1.169
1.203
1.237
1.150
1.122
1.183
1.192
1.156
1.155
1.245
1.250
1.170
1.149
1.187
1173
1.169
1.146
1.187
1173
1.100
1.027
1.008
1.100
1.198
1.191
1.129
1.181
2.234
1.143
1.193
1.043
1.169
1.352
1.162
1.159
1.185
1.140
1.180
1.152
1.155
1.019
1.083
1.255
0.504
1.817
1.008
1.184
1.127
1.088
1121
1.163
1.204
1.137
1.193
1.084
1.096
1.118
1.170
1.185
1.158
1.337
1114
1.136
0.904

Treated Flow -
Filemaker
Influent

MGD
0.000
0.000
0.000
0.000
-0.125
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.154
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.080
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Source -
Filemaker

Both
Silver Creek
Silver Creek
Silver Creek
Silver Creek

Both

Both
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua

rFlant L
Total
From Filemaker - Backwash Run Times (min/day) Backwash

(wash is
200N~Am

bw1 1l bwil2 bw21 bw22 bw23 bw2i4 gpd

0 0 12 12 0 0 0

0 0 0 0 12 12 0

0 0 12 12 0 0 0

0 0 0 0 12 12 0

0 0 12 12 12 12 0

0 7 0 0 0 0 19600

0 0 15 15 15 15 0

0 0 0 0 0 0 0

0 0 15 15 15 15 0

0 0 0 0 0 0 0

0 0 15 15 15 15 0

0 6 12 0 12 0 16800
10 10 0 12 0 12 56000

0 0 12 0 12 0 0
10 10 0 12 0 12 56000

0 0 12 0 12 0 0

0 0 0 0 0 0 0

0 0 0 12 0 0 0

0 10 0 0 0 12 28000
10 0 12 0 0 0 28000

0 0 0 0 12 0 0

0 0 0 12 0 0 0

0 10 0 0 0 12 28000
10 0 12 0 0 0 28000

0 0 0 0 12 0 0

0 0 0 12 0 0 0

0 10 0 0 0 12 28000
10 0 12 0 0 0 28000

0 0 0 0 12 0 0

0 0 0 12 0 0 0

0 10 0 0 0 12 28000
10 0 12 0 0 0 28000

0 0 0 0 12 0 0

0 0 0 12 0 0 0

0 10 0 0 0 12 28000
10 0 12 0 0 0 28000

0 0 0 0 12 0 0

0 0 12 0 0 0 0

0 12 0 0 0 10 33600
10 0 0 0 12 0 28000

0 0 0 12 0 0 0

0 0 12 0 0 0 0

0 10 0 0 0 12 28000
10 0 0 0 12 0 28000

0 0 0 12 0 0 0

0 0 12 0 0 0 0

0 10 0 0 0 12 28000
10 0 0 0 12 0 28000

0 0 0 12 0 0 0

0 0 12 0 0 0 0

0 10 0 0 0 12 28000
10 0 0 0 12 0 28000

0 0 0 12 0 0 0

0 0 12 0 0 0 0

0 10 0 0 0 12 28000
10 0 0 0 12 0 28000

0 10 0 12 0 0 28000
10 10 12 0 0 0 56000

0 0 0 0 0 12 0
10 0 0 0 12 0 28000

0 10 0 12 0 0 28000

0 0 12 0 0 0 0

0 0 0 0 0 12 0
10 0 0 12 0 0 28000

0 10 0 12 0 0 28000

0 0 10 0 0 0 0

0 0 0 0 0 10 0
10 0 0 0 12 0 28000

0 10 0 12 0 0 28000

0 0 12 0 0 0 0

0 0 0 12 0 0 0
10 0 12 0 0 0 28000

0 10 0 0 12 0 28000

0 0 0 0 0 12 0
10 10 0 12 0 0 56000

0 0 12 0 0 0 0

0 0 0 0 12 0 0

0 0 0 0 0 12 0
10 10 0 12 0 0 56000

0 0 12 0 0 0 0

0 0 0 0 12 0 0

0 0 0 0 0 12 0
10 10 0 12 0 0 56000

0 0 0 0 0 0 0

0 0 0 0 12 0 0
10 10 0 0 0 12 56000

0 0 0 12 0 0 0

0 0 12 0 0 0 0
10 10 0 0 12 0 56000

Flant z
Total
Backwash
(wash is
INEC
gpd
49320
49320
49320
49320
98640
0
123300
0
123300
0
123300
49320
49320
49320
49320
49320
0
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
20550
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
20550
20550
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
0
24660
24660
24660
24660
24660

Total
Backwash

gpd
49320
49320
49320
49320
98640
19600
123300
0
123300
0
123300
66120
105320
49320
105320
49320
0
24660
52660
52660
24660
24660
52660
52660
24660
24660
52660
52660
24660
24660
52660
52660
24660
24660
52660
52660
24660
24660
54150
52660
24660
24660
52660
52660
24660
24660
52660
52660
24660
24660
52660
52660
24660
24660
52660
52660
52660
80660
24660
52660
52660
24660
24660
52660
52660
20550
20550
52660
52660
24660
24660
52660
52660
24660
80660
24660
24660
24660
80660
24660
24660
24660
80660
0
24660
80660
24660
24660
80660

% wasted
at WTP

%
9.3%
9.3%
9.0%
8.9%

18.8%
4.3%
19.2%
0.0%
17.6%
0.0%
23.5%
10.6%
20.3%
8.9%
22.6%
10.0%
0.0%
4.8%
10.5%
11.0%
4.5%
4.4%
12.2%
10.4%
4.5%
4.5%
10.9%
10.6%
4.6%
4.7%
11.1%
11.0%
4.6%
4.6%
10.5%
10.5%
4.5%
4.6%
11.6%
11.2%
4.5%
4.6%
11.0%
11.2%
4.8%
5.1%
13.0%
11.9%
4.4%
4.4%
11.6%
11.1%
4.9%
4.6%
11.0%
12.6%
11.2%
15.5%
4.6%
11.3%
11.1%
4.6%
4.5%
11.4%
11.3%
4.3%
4.1%
10.4%
26.0%
2.9%
4.9%
11.1%
11.6%
4.9%
18.7%
4.5%
4.4%
4.7%
17.5%
4.9%
4.8%
4.7%
17.9%
0.0%
4.6%
15.6%
4.7%
4.7%
23.1%



2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
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3/31/2009
4/1/2009
4/2/2009
4/3/2009
4/4/2009
4/5/2009
4/6/2009
4/7/2009
4/8/2009
4/9/2009
4/10/2009
4/11/2009
4/12/2009
4/13/2009
4/14/2009
4/15/2009
4/16/2009
4/17/2009
4/18/2009
4/19/2009
4/20/2009
4/21/2009
4/22/2009
4/23/2009
4/24/2009
4/25/2009
4/26/2009
4/27/2009
4/28/2009
4/29/2009
4/30/2009
5/1/2009
5/2/2009
5/3/2009
5/4/2009
5/5/2009
5/6/2009
5/7/2009
5/8/2009
5/9/2009
5/10/2009
5/11/2009
5/12/2009
5/13/2009
5/14/2009
5/15/2009
5/16/2009
5/17/2009
5/18/2009
5/19/2009
5/20/2009
5/21/2009
5/22/2009
5/23/2009
5/24/2009
5/25/2009
5/26/2009
5/27/2009
5/28/2009
5/29/2009
5/30/2009
5/31/2009
6/1/2009
6/2/2009
6/3/2009
6/4/2009
6/5/2009
6/6/2009
6/7/2009
6/8/2009
6/9/2009
6/10/2009
6/11/2009
6/12/2009
6/13/2009
6/14/2009
6/15/2009
6/16/2009
6/17/2009
6/18/2009
6/19/2009
6/20/2009
6/21/2009
6/22/2009
6/23/2009
6/24/2009
6/25/2009
6/26/2009
6/27/2009
6/28/2009
6/29/2009
6/30/2009
7/1/2009
7/2/2009

1.057
1.246
1.126
1.173
1.145
1.148
1.181
1.234
1.148
1.219
1.218
1.113
1.055
1.130
1.193
1.158
1.157
1.160
1.132
1.150
1.247
1.348
1.183
1.222
1.359
1.243
1.247
1.216
1.269
1.268
1.357
1.167
1.205
1.133
1.169
1.157
1.263
1.215
0.902
1.318
1.125
1.203
1.245
1.139
1.115
1.275
1.268
1.469
1.203
1.412
1.340
1.375
1.570
1.233
1.558
1.451
1.901
1.589
1.880
2.019
1.963
2.104
1.092
0.997
1.085
1.683
1.068
1.155
1.143
1.159
1.069
1.089
1.209
1.115
1.147
1.200
1.367
1.162
1111
1.198
1.284
1.035
1.633
1.378
1.575
1.621
1.585
1.518
1.656
1.917
1.714
2.031
2.542
2.581

0323
0.323
0310
0.330
0.343
0.350
0.343
0.343
0317
0323
0.337
0.337
0.343
0.330
0.323
0317
0.330
0.330
0.356
0.350
0.350
0.363
0.356
0.343
0.363
0.376
0.376
0.350
0.370
0.389
0.389
0.376
0.376
0.343
0.337
0.323
0.323
0.337
0.337
0.370
0.363
0.356
0.350
0.330
0317
0.356
0.469
0.495
0.488
0.290
0.409
0.515
0.363
0.521
0.462
0.653
0.396
0.561
0.614
0.627
0.693
0.792
0.297
0.330
0.264
0.343
0.350
0.376
0.323
0.343
0.343
0.337
0.337
0.462
0.356
0.409
0.416
0317
0.403
0.363
0.548
0.548
0.409
0.515
0.574
0.660
0.587
0.396
0.587
0.587
0.693
0.739
0.733
0.832

30.6
26.0
27.5
28.1
30.0
30.5
29.1
27.8
27.6
26.5
27.6
30.2
325
29.2
27.1
27.4
28.5
28.4
315
30.4
28.1
26.9
30.1
28.1
26.7
30.3
30.2
28.8
29.1
30.7
28.7
32.2
31.2
30.3
28.8
28.0
25.6
27.7
373
28.0
323
29.6
28.1
29.0
28.4
28.0
37.0
33.7
40.6
20.6
30.5
37.4
23.1
42.3
29.7
45.0
20.8
353
32.6
311
353
37.6
27.2
33.1
243
204
32.8
32.6
28.3
29.6
32.1
30.9
27.8
41.4
311
34.1
304
27.3
36.2
30.3
42.7
52.9
25.1
37.4
36.5
40.7
37.1
26.1
35.5
30.6
40.4
36.4
28.8
32.2

2.258
2.246
2.290
2.270
2.271
2.277
2.268
2.210
2.204
2.200
2.266
2.283
2.261
2.223
2.220
2.044
2.258
2.263
2.283
2.262
2.233
2.294
2.271
2.256
2.281
2.260
2.250
2.280
2.273
2.271
2.467
2122
2.225
2.304
2.263
2.239
2.262
2.260
2.250
2.309
2.269
2221
2.197
2.241
2.230
2.217
2.288
2.231
2.238
2.259
2.233
2.260
2.581
2.276
2.280
2.247
2.259
2.270
2.874
2919
2.945
2.953
3.237
2971
3.001
2.968
2.903
2.943
2.952
2.946
2.949
2.958
2.955
2.955
2.943
2.928
2.925
2.959
2.922
2.945
2.953
2.944
2.935
2.967
2.933
2977
2.950
2.956
2.946
2.896
2.950
2.903
2.864
3.022

-1.201
-1.000
-1.164
-1.097
-1.126
-1.129
-1.087
-0.976
-1.056
-0.981
-1.048
-1.170
-1.206
-1.093
-1.027
-0.886
-1.101
-1.103
-1.151
-1.112
-0.986
-0.946
-1.088
-1.034
-0.922
-1.017
-1.003
-1.064
-1.004
-1.003
-1.110
-0.955
-1.020
-1.171
-1.094
-1.082
-0.999
-1.045
-1.348
-0.991
-1.144
-1.018
-0.952
-1.102
-1.115
-0.942
-1.020
-0.762
-1.035
-0.847
-0.893
-0.885
-1.011
-1.043
-0.722
-0.796
-0.358
-0.681
-0.994
-0.900
-0.982
-0.849
-2.145
-1.974
-1.916
-1.285
-1.835
-1.788
-1.809
-1.787
-1.880
-1.869
-1.746
-1.840
-1.796
-1.728
-1.558
-1.797
-1.811
-1.747
-1.669
-1.909
-1.302
-1.589
-1.358
-1.356
-1.365
-1.438
-1.290
-0.979
-1.236
-0.872
-0.322
-0.441

1.057
1.246
1.126
1.173
1.145
1.148
1.181
1.234
1.148
1.219
1.218
1.113
1.055
1.130
1.193
1.158
1.157
1.160
1.132
1.150
1.247
1.348
1.183
1.222
1.359
1.243
1.247
1.216
1.269
1.268
1.357
1.167
1.205
1.133
1.169
1.157
1.263
1.215
0.902
1.318
1.125
1.203
1.245
1.139
1.115
1.275
1.268
1.469
1.203
1.412
1.340
1.375
1.570
1.233
1.558
1.451
1.901
1.589
1.880
2.019
1.963
2.104
2.320
1.572
2.213
1.694
1.512
1.300
1.316
2.013
1.401
1.629
2.019
1.847
1.361
1.415
1.682
1.541
2.033
2.258
1.095
1.509
1.345
1.644
2.004
1.997
1.856
2.296
2.001
2.027
1.070
2.903
2.542
2.581

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.228
-0.575
-1.128
-0.011
-0.444
-0.145
0.173
-0.854
0332
-0.540
-0.810
0.732
0214
-0.215
0315
0.379
0.922
-1.060
0.189
-0.474
0.288
-0.266
-0.429
-0.376
0.271
-0.778
-0.345
-0.110
0.644
-0.872
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

o

12

12
12
12

o

12

o

12

o

12

o

12

24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
20550
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660

24660
24660
98640
98640
98640

65760
16440
16440
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
24660
49320
24660
20550

24660
24660
24660
80660
24660
24660
24660
80660
24660
24660
80660
24660
24660
24660
80660
24660
24660
80660
24660
24660
80660
24660
24660
24660
80660
24660
24660
24660
80660
24660
24660
80660
24660
24660
24660
80660
24660
24660
80660
24660
24660
80660
24660
24660
24660
76550
24660
24660
24660
80660
24660
24660
80660
24660
24660
24660
80660
24660
24660
80660
24660
24660
80660
24660
80660
24660
80660
24660
24660
56000
24660
24660
154640
98640
98640
56000
65760
16440
72440
24660
80660
24660
24660
80660
24660
80660
24660
80660
24660
24660
80660
105320
24660
76550

5.0%
4.2%
4.7%
17.8%
4.6%
4.6%
4.5%
17.0%
4.6%
4.3%
17.2%
4.8%
5.0%
4.7%
17.5%
4.6%
4.6%
18.0%
4.7%
4.6%
16.8%
3.9%
4.5%
4.3%
15.4%
4.3%
4.2%
4.3%
16.5%
4.2%
3.9%
17.9%
4.4%
4.7%
4.5%
18.1%
4.2%
4.4%
23.2%
4.0%
4.7%
17.4%
4.2%
4.6%
4.7%
15.7%
4.2%
3.6%
4.4%
14.8%
3.9%
3.8%
13.3%
4.3%
3.4%
3.6%
11.0%
3.3%
2.8%
10.4%
2.7%
2.5%
19.2%
5.3%
19.3%
3.1%
19.6%
4.6%
4.6%
13.5%
4.9%
4.9%
30.4%
19.0%
18.4%
13.0%
10.3%
3.0%
17.2%
4.4%
16.3%
5.1%
3.2%
15.2%
3.4%
12.9%
3.3%
13.8%
3.2%
2.8%
12.2%
12.9%
2.1%
7.8%
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2009
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2009
2009
2009
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2009
2009
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7/3/2009

7/4/2009

7/5/2009

7/6/2009

7/7/2009

7/8/2009

7/9/2009

7/10/2009
7/11/2009
7/12/2009
7/13/2009
7/14/2009
7/15/2009
7/16/2009
7/17/2009
7/18/2009
7/19/2009
7/20/2009
7/21/2009
7/22/2009
7/23/2009
7/24/2009
7/25/2009
7/26/2009
7/27/2009
7/28/2009
7/29/2009
7/30/2009
7/31/2009
8/1/2009

8/2/2009

8/3/2009

8/4/2009

8/5/2009

8/6/2009

8/7/2009

8/8/2009

8/9/2009

8/10/2009
8/11/2009
8/12/2009
8/13/2009
8/14/2009
8/15/2009
8/16/2009
8/17/2009
8/18/2009
8/19/2009
8/20/2009
8/21/2009
8/22/2009
8/23/2009
8/24/2009
8/25/2009
8/26/2009
8/27/2009
8/28/2009
8/29/2009
8/30/2009
8/31/2009
9/1/2009

9/2/2009

9/3/2009

9/4/2009

9/5/2009

9/6/2009

9/7/2009

9/8/2009

9/9/2009

9/10/2009
9/11/2009
9/12/2009
9/13/2009
9/14/2009
9/15/2009
9/16/2009
9/17/2009
9/18/2009
9/19/2009
9/20/2009
9/21/2009
9/22/2009
9/23/2009
9/24/2009
9/25/2009
9/26/2009
9/27/2009
9/28/2009
9/29/2009
9/30/2009
10/1/2009
10/2/2009
10/3/2009
10/4/2009

3.040
3.020
2.922
2.907
2.441
2.231
1.845
2.451
2.512
2.708
1.688
1.962
1.742
2.324
2.861
2.209
1.968
2.633
2.078
2.768
1.983
2.640
2.349
2.481
2.802
2.800
2.780
2.779
2.619
2.600
2.522
2.637
2.250
2.427
2.153
2.160
1.979
2.192
2.579
2.198
2.053
1.896
2.096
1.851
1.923
2.526
2.272
2.489
2.455
2.120
2.150
1.991
2.267
1.855
2.162
2.076
1.970
1.909
1.953
2.354
1.761
1.459
2.648
2.047
1.467
1.593
1.563
1.491
1.750
1.543
1.960
1.791
1.794
1.869
1.770
1.666
1.614
1.815
1.458
1.479
1.956
1.826
1.817
1.930
1.825
1.619
1.655
1.375
1.636
1.354
1.583
1.529
1.349
1.109

0.779
0.785
0.739
0.759
0.673
0.686
0.620
0.660
0.594
0.614
0.416
0.726
0.528
0.779
0.944
0.759
0.851
0.838
0.805
0.726
0.548
0.832
0.779
0.931
0.884
1.096
0.944
0.865
0.832
0.832
0.851
0.832
0.640
0.785
0.653
0.673
0.686
0.752
0.792
0.667
0.601
0.535
0.614
0.607
0.667
0.812
0.733
0.779
0.733
0.700
0.647
0.700
0.713
0.607
0.713
0.653
0.647
0.627
0.667
0.739
0.574
0.627
0.581
0.607
0.455
0.422
0.482
0.449
0.469
0.495
0.561
0.607
0.614
0.601
0.521
0.528
0.462
0.495
0.462
0.482
0.568
0.561
0.620
0.568
0.528
0.508
0.561
0.475
0.422
0.409
0.422
0.376
0.376
0.370

25.6
26.0
25.3
26.1
27.6
30.8
33.6
26.9
23.6
22.7
24.6
37.0
30.3
335
33.0
34.4
433
31.8
38.7
26.2
27.6
315
33.2
37.5
31.6
39.1
33.9
311
318
32.0
33.8
315
28.5
324
30.3
31.2
347
343
30.7
30.3
29.3
28.2
29.3
32.8
34.7
32.1
32.2
313
29.8
33.0
30.1
35.1
314
32.7
33.0
315
32.8
32.8
34.1
314
32.6
43.0
21.9
29.7
31.0
26.5
30.8
30.1
26.8
32.1
28.6
33.9
34.2
32.1
29.5
317
28.6
27.3
317
32.6
29.0
30.7
34.1
29.4
28.9
314
33.9
34.6
25.8
30.2
26.7
24.6
27.9
333

3.040
3.020
2.922
2.907
2.974
3.118
3.077
3.096
3.076
2.954
3.001
2.962
2.965
2.999
2.922
2.705
2.668
2.655
2.667
2.768
2.800
2.767
2.764
2.757
2.814
2.800
2.780
2.779
2.757
2.811
2.777
2.788
2.888
2.814
2.871
2.896
2914
3.006
3.034
3.032
3.004
3.034
2.994
2.981
2.997
3.001
2.963
2.845
2.991
2.958
2.932
2.827
2.849
2.872
2915
2.847
2.883
3.014
2.985
2.989
2.997
2.900
2.889
2.996
2.984
3.010
3.001
3.007
2.979
2.939
2.598
3.049
3.011
3.010
2971
2.984
3.026
3.025
3.017
3.008
3.029
2.981
3.028
3.027
3.000
3.012
2.986
3.056
2.975
3.009
2.968
2.936
2.970
2.957

0.000
0.000
0.000
0.000
-0.533
-0.887
-1.232
-0.645
-0.564
-0.246
-1.313
-1.000
-1.223
-0.675
-0.061
-0.496
-0.700
-0.022
-0.589
0.000
-0.817
-0.127
-0.415
-0.276
-0.012
0.000
0.000
0.000
-0.138
-0.211
-0.255
-0.151
-0.638
-0.387
-0.718
-0.736
-0.935
-0.814
-0.455
-0.834
-0.951
-1.138
-0.898
-1.130
-1.074
-0.475
-0.691
-0.356
-0.536
-0.838
-0.782
-0.836
-0.582
-1.017
-0.753
-0.771
-0.913
-1.105
-1.032
-0.635
-1.236
-1.441
-0.241
-0.949
-1.517
-1.417
-1.438
-1.516
-1.229
-1.396
-0.638
-1.258
-1.217
-1.141
-1.201
-1.318
-1.412
-1.210
-1.559
-1.529
-1.073
-1.155
-1.211
-1.097
-1.175
-1.393
-1.331
-1.681
-1.339
-1.655
-1.385
-1.407
-1.621
-1.848

3.040
3.020
2.922
2.907
2.441
1.845
2.231
2.451
2.512
2.708
1.688
1.962
1.742
2.332
2.861
2.209
1.968
2.633
2.078
2.768
1.983
2.640
2.349
2.481
2.802
2.800
2.780
2.779
2.619
2.600
2.522
2.637
2.250
2.427
2.153
2.160
1.979
2.192
2.579
2.198
2.053
1.896
2.096
1.851
1.923
2.526
2.272
2.489
2.455
2.120
2.150
1.991
2.267
1.855
2.162
2.076
1.970
1.909
1.953
2.354
1.761
1.459
2.648
2.047
1.467
1.593
1.563
1.491
1.750
1.543
1.960
1.791
1.794
1.869
1.770
1.666
1.614
1.815
1.458
1.479
1.956
1.826
1.817
1.930
1.825
1.619
1.655
1.375
1.636
1.354
1.583
1.529
1.349
1.109

0.000
0.000
0.000
0.000
0.000
0.386
-0.386
0.000
0.000
0.000
0.000
0.000
0.000
-0.008
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua

20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550

41100
20550

20550
41100
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
20550
41100
41100
20550

82200
20550
20550
20550
20550
20550
20550
20550

76550
76550
76550
76550
76550
20550
76550
76550
20550
20550
76550
20550
76550
20550
76550
20550
20550
76550
20550
76550
20550
76550
20550
20550
76550
20550
76550
20550
76550
20550
20550
76550
20550
20550
20550
76550
20550
20550
76550
20550
20550
20550
76550
20550
20550
20550
20550
76550
20550
76550
20550
20550
76550
20550
76550
20550
76550
20550
20550
76550
20550
20550
0
41100
20550
56000
20550
41100
76550
20550
76550
20550
20550
76550
20550
20550
20550
76550
20550
20550
76550
20550
41100
97100
20550
0
138200
20550
20550
76550
20550
76550
20550
20550

6.6%
6.6%
6.9%
6.9%
8.2%
2.0%
10.9%
8.2%
1.8%
1.6%
11.9%
2.2%
11.5%
1.9%
7.0%
2.0%
2.2%
7.6%
2.1%
7.2%
2.2%
7.6%
1.9%
1.8%
7.2%
1.6%
7.2%
1.6%
7.7%
1.7%
1.7%
7.6%
2.0%
1.8%
2.0%
9.3%
2.2%
2.0%
7.8%
2.0%
2.1%
2.3%
9.6%
2.4%
2.3%
1.7%
1.9%
8.1%
1.8%
9.5%
2.0%
2.2%
8.8%
2.4%
9.3%
2.1%
10.2%
2.3%
2.3%
8.5%
2.5%
3.0%
0.0%
4.3%
3.0%
9.8%
2.8%
5.9%
11.5%
2.9%
10.2%
2.5%
2.5%
10.7%
2.5%
2.6%
2.7%
11.0%
3.0%
3.0%
10.2%
2.4%
4.8%
12.7%
2.4%
0.0%
20.1%
3.2%
2.7%
14.8%
2.8%
13.1%
3.3%
4.0%



2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2010
2010
2010
2010
2010
2010

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
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10/5/2009
10/6/2009
10/7/2009
10/8/2009
10/9/2009
10/10/2009
10/11/2009
10/12/2009
10/13/2009
10/14/2009
10/15/2009
10/16/2009
10/17/2009
10/18/2009
10/19/2009
10/20/2009
10/21/2009
10/22/2009
10/23/2009
10/24/2009
10/25/2009
10/26/2009
10/27/2009
10/28/2009
10/29/2009
10/30/2009
10/31/2009
11/1/2009
11/2/2009
11/3/2009
11/4/2009
11/5/2009
11/6/2009
11/7/2009
11/8/2009
11/9/2009
11/10/2009
11/11/2009
11/12/2009
11/13/2009
11/14/2009
11/15/2009
11/16/2009
11/17/2009
11/18/2009
11/19/2009
11/20/2009
11/21/2009
11/22/2009
11/23/2009
11/24/2009
11/25/2009
11/26/2009
11/27/2009
11/28/2009
11/29/2009
11/30/2009
12/1/2009
12/2/2009
12/3/2009
12/4/2009
12/5/2009
12/6/2009
12/7/2009
12/8/2009
12/9/2009
12/10/2009
12/11/2009
12/12/2009
12/13/2009
12/14/2009
12/15/2009
12/16/2009
12/17/2009
12/18/2009
12/19/2009
12/20/2009
12/21/2009
12/22/2009
12/23/2009
12/24/2009
12/25/2009
12/26/2009
12/27/2009
12/28/2009
12/29/2009
12/30/2009
12/31/2009
1/1/2010
1/2/2010
1/3/2010
1/4/2010
1/5/2010
1/6/2010

1.615
1.330
1.232
1.298
1.390
1.350
1.289
1.305
1.291
1172
1.377
1.202
1.337
1.152
1.206
1.061
1.211
1.169
1.049
1.223
0.963
1.229
1.146
1.132
1.194
1.294
1.156
1.317
0.849
1.331
1.034
1.457
1.005
1.138
0.948
1.366
0.910
1.411
1.030
1.137
1.089
0.959
1.283
2.012
1.067
1.343
1.279
1.053
1.105
1.115
0.936
1.270
0.822
0.889
0.854
0.974
0.898
1.150
0.949
1.024
1111
1.014
1.054
1.206
1.163
1.596
1.636
1.575
1.184
1.759
0.997
1.776
1.488
1.496
1.128
1.374
1111
1.165
1.263
1.174
1.245
0.999
1.155
1.146
1.282
1.127
1.262
1.118
1.223
1.168
1.291
1.157
1.132
1.071

0.442
0.376
0.370
0.416
0.416
0.383
0.422
0.383
0.396
0.455
0.330
0317
0.396
0.363
0310
0.370
0.370
0.376
0.323
0.389
0.389
0.396
0.356
0.343
0.363
0.370
0.422
0.277
0.356
0.376
0.350
0.376
0.350
0.323
0.462
0.376
0.337
0.383
0.323
0.350
0.350
0.297
0.376
0.455
0.416
0.363
0.356
0.356
0.370
0.356
0.356
0.343
0.370
0.350
0.350
0.343
0.350
0.343
0.337
0.350
0.356
0.363
0.363
0.376
0.363
0.436
0.389
0.409
0.488
0.455
0.422
0.403
0.462
0.389
0.482
0.356
0.383
0.389
0.376
0.396
0.389
0.442
0.409
0.409
0.337
0.403
0.376
0.383
0.383
0.376
0.455
0.403
0.330
0.323

27.4
28.3
30.0
32.0
29.9
28.4
32.8
29.3
30.7
38.9
24.0
26.4
29.6
315
25.7
34.8
30.5
32.2
30.8
318
40.4
32.2
311
30.3
304
28.6
36.5
21.0
42.0
28.3
33.8
25.8
34.8
28.4
48.7
27.5
37.0
27.1
314
30.8
32.1
31.0
29.3
22,6
39.0
27.0
27.9
33.8
334
32.0
38.1
27.0
45.0
39.3
41.0
35.2
39.0
29.8
35.5
34.2
32.1
35.8
34.4
31.2
31.2
27.3
23.8
26.0
413
25.9
42.4
22.7
31.0
26.0
42.7
25.9
34.5
334
29.8
337
313
44.3
35.4
35.7
26.3
35.7
29.8
34.2
313
32.2
353
34.8
29.2
30.2

2.959
2.186
2.097
2.119
2.098
2.118
2.119
2.088
2.066
2.099
2.105
2.075
2.018
2.048
2.067
2.076
2.106
1.990
1.922
1.906
1.894
1.993
2.150
2.156
2123
2.142
1.251
2.150
1.852
2.188
2.139
2.069
2.079
2.023
0.950
2.150
2.022
2.028
2.026
2.036
2.042
2.037
2.026
2.020
2.032
2.015
2.019
2.038
2.024
2.043
2.099
1.494
2.304
1.513
1.475
1.489
2.200
2.190
2211
2.065
2222
2212
2.300
2.226
2.251
2.300
2.024
2.054
2.030
2.069
1.930
2.089
2.101
2.100
1.128
2.100
2.100
2.102
2.150
2.151
2.150
2.200
2.200
2.236
2.051
2.049
2.080
1.944
2.120
2.207
2.167
2.057
2.139
2.197

-1.344
-0.856
-0.865
-0.821
-0.708
-0.768
-0.830
-0.783
-0.775
-0.927
-0.728
-0.873
-0.681
-0.896
-0.861
-1.015
-0.895
-0.821
-0.873
-0.683
-0.931
-0.764
-1.004
-1.024
-0.929
-0.848
-0.095
-0.833
-1.003
-0.857
-1.105
-0.612
-1.074
-0.885
-0.002
-0.784
-1.112
-0.617
-0.996
-0.899
-0.953
-1.078
-0.743
-0.008
-0.965
-0.672
-0.740
-0.985
-0.919
-0.928
-1.163
-0.224
-1.482
-0.624
-0.621
-0.515
-1.302
-1.040
-1.262
-1.041
-1.111
-1.198
-1.246
-1.020
-1.088
-0.704
-0.388
-0.479
-0.846
-0.310
-0.933
-0.313
-0.613
-0.604
0.000
-0.726
-0.989
-0.937
-0.887
-0.977
-0.905
-1.201
-1.045
-1.090
-0.769
-0.922
-0.818
-0.826
-0.897
-1.039
-0.876
-0.900
-1.007
-1.126

1.615
1.330
1.232
1.298
1.390
1.350
1.289
1.305
1.291
1.172
1.377
1.202
1.337
1.152
1.206
1.081
1.211
1.169
1.049
1.223
0.963
1.229
1.146
1.132
1.194
1.294
1.156
1.317
0.849
1.331
1.034
1.457
1.005
1.138
0.948
1.366
0.910
1.411
1.030
1.137
1.089
0.959
1.283
2.012
1.067
1.343
1.279
1.053
1.105
1.115
0.936
1.270
1.469
0.889
0.854
0.974
0.898
1.150
0.949
1.024
1.111
1.014
1.054
1.206
1.163
1.596
1.636
1.575
1.184
1.759
0.997
1.776
1.488
1.496
2.099
1.374
1.111
1.165
1.263
1.174
1.245
0.999
1.155
1.146
1.282
1.127
1.262
1.118
1.223
2.207
1.291
1.157
1.132
1.071

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.020
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.647
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.971
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.039
0.000
0.000
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Both
Silver Creek
Silver Creek
Silver Creek
Abiqua
Silver Creek
Silver Creek
Silver Creek
Both
Both
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Silver Creek
Both
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Both
Silver Creek
Silver Creek
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Silver Creek
Silver Creek
Silver Creek
Both
Abiqua
Abiqua

OO0 0000000000000 O0OO0O OO0 O

OO0 0000000000000 O0O OO0 O O

61650
41100

41100
41100

41100
41100

41100
41100

41100
41100

41100
41100
82200
41100
82200
61650
82200
82200
41100
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650
61650

61650
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
82200
82200

82200

41100
41100
82200
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100

117650
41100
0
41100
97100
0
41100
97100
0
41100
41100
56000
41100
41100
56000
41100
41100
82200
97100
82200
61650
138200
82200
97100
61650
117650
61650
117650
61650
117650
61650
117650
61650
117650
117650
61650
61650
117650
61650
117650
61650
0
117650
97100
41100
41100
97100
41100
41100
97100
41100
97100
41100
41100
41100
41100
97100
41100
41100
41100
97100
41100
41100
97100
41100
97100
138200
138200
0
138200
0
97100
41100
82200
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100

17.9%
6.6%
0.0%
6.8%

17.6%
0.0%
6.8%

18.7%
0.0%
7.5%
6.4%

13.0%
6.6%
7.6%

13.0%
8.3%
7.3%

15.1%

23.3%

14.4%

13.7%

27.1%

15.4%

21.6%

11.1%

22.3%

11.4%

21.9%

15.6%

21.7%

12.8%

19.8%

13.2%

25.4%

30.4%
9.7%

14.5%

20.4%

12.8%

25.4%

12.1%
0.0%

22.5%

12.2%
8.3%
6.6%

19.1%
8.4%
8.0%

21.9%
9.4%

19.3%

10.7%
9.9%

10.3%
9.0%

27.2%
7.7%
9.3%
8.6%

22.0%
8.7%
8.4%

20.3%
7.6%

15.3%

20.3%

21.1%
0.0%

18.9%
0.0%

13.8%
5.9%

11.8%
7.8%
6.4%
7.9%
7.6%
7.0%
7.5%
7.1%
8.8%
7.6%
7.7%
6.9%
7.8%
7.0%
7.9%
7.2%
7.5%
6.8%
7.6%
7.8%
8.2%



2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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1/7/2010
1/8/2010
1/9/2010
1/10/2010
1/11/2010
1/12/2010
1/13/2010
1/14/2010
1/15/2010
1/16/2010
1/17/2010
1/18/2010
1/19/2010
1/20/2010
1/21/2010
1/22/2010
1/23/2010
1/24/2010
1/25/2010
1/26/2010
1/27/2010
1/28/2010
1/29/2010
1/30/2010
1/31/2010
2/1/2010
2/2/2010
2/3/2010
2/4/2010
2/5/2010
2/6/2010
2/7/2010
2/8/2010
2/9/2010
2/10/2010
2/11/2010
2/12/2010
2/13/2010
2/14/2010
2/15/2010
2/16/2010
2/17/2010
2/18/2010
2/19/2010
2/20/2010
2/21/2010
2/22/2010
2/23/2010
2/24/2010
2/25/2010
2/26/2010
2/27/2010
2/28/2010
3/1/2010
3/2/2010
3/3/2010
3/4/2010
3/5/2010
3/6/2010
3/7/2010
3/8/2010
3/9/2010
3/10/2010
3/11/2010
3/12/2010
3/13/2010
3/14/2010
3/15/2010
3/16/2010
3/17/2010
3/18/2010
3/19/2010
3/20/2010
3/21/2010
3/22/2010
3/23/2010
3/24/2010
3/25/2010
3/26/2010
3/27/2010
3/28/2010
3/29/2010
3/30/2010
3/31/2010
4/1/2010
4/2/2010
4/3/2010
4/4/2010
4/5/2010
4/6/2010
4/7/2010
4/8/2010
4/9/2010
4/10/2010

1.266
0.985
1.034
1.144
1.166
0.925
1.338
0.916
1.261
0.900
1.335
1.103
1.122
1.078
1.016
1.211
0.929
0.962
1.238
0.997
1.321
0.976
1.321
0.821
1.072
1.157
1.022
1.349
0.938
1.387
0.957
1.168
1.225
1.078
1.411
0.977
1.431
0.925
1.269
1.125
1.141
1.368
1.068
1.311
0.914
1.131
1.179
1.035
1.297
0.991
1.278
1.033
1.063
1.182
1.019
1.233
0.977
1.246
0.967
1.146
1.124
1.064
1.289
0.940
1.349
0.853
1.007
1.244
0.943
1.291
0.937
1.323
0.887
1.001
1.138
0.980
1.255
0.949
1.278
0.984
1.119
1.155
1.369
1.122
1.207
1.042
1.082
1.032
1.726
0.892
1.029
1.057
1.335
1.049

0.330
0.343
0317
0.330
0.370
0.284
0317
0.330
0.310
0.337
0.403
0317
0.290
0.343
0.304
0.323
0.337
0.337
0.323
0317
0.330
0317
0.330
0317
0.350
0.330
0.323
0.323
0317
0.323
0.330
0.343
0323
0.323
0.323
0323
0.330
0.330
0317
0.356
0.330
0.343
0.337
0.330
0.350
0.370
0.350
0.343
0.330
0.337
0.337
0.363
0.350
0.337
0.337
0.337
0.337
0.350
0.350
0.370
0.330
0.337
0.337
0.429
0317
0.271
0.337
0.343
0.383
0.343
0.323
0.356
0.350
0.363
0.337
0.337
0.330
0.337
0.396
0.297
0.330
0.350
0.343
0.343
0.337
0.370
0.350
0.363
0.350
0.350
0.337
0.356
0.396
0.389

26.1
34.8
30.6
28.8
317
30.7
23.7
36.0
24.6
37.4
30.2
28.7
25.9
318
29.9
26.7
36.2
35.0
26.1
318
25.0
325
25.0
38.6
32.6
28.5
31.6
24.0
33.8
233
34.5
29.4
26.4
30.0
22.9
33.1
23.1
35.7
25.0
317
28.9
25.1
315
25.2
383
32.7
29.7
33.2
25.4
34.0
26.3
35.1
32.9
28.5
33.0
27.3
34.5
28.1
36.2
323
29.4
31.6
26.1
45.6
23.5
317
334
27.6
40.6
26.6
34.5
26.9
39.4
36.3
29.6
343
26.3
35.5
31.0
30.2
29.5
30.3
25.1
30.6
27.9
35.5
323
35.2
20.3
39.2
32.7
337
29.7
37.1

2.225
2.200
2177
2.288
2.239
2.220
2.007
2.055
2.059
2.031
2.225
2.084
2.200
2.084
2.032
2.032
2.040
2.099
2.035
2.080
2.095
2.037
2.007
2.096
2.010
1.955
2.027
2.049
2.065
2.042
2.033
2.002
2.042
2.053
2.028
2.057
2.032
2.000
1.965
1.915
2.044
2.027
2.051
2.070
2.069
2.072
2.065
2.053
2.061
2.050
1.979
2.016
2.041
2.071
2.055
2.041
1.954
2.021
2.054
2.022
2.108
2.076
1.983
2.014
2.011
2.027
2.066
2.045
2.057
2.025
2.008
1.985
1.901
1.969
1.965
2.045
2.035
2.052
2.059
2.001
1.989
2.100
2.213
2.225
2.015
2.273
2.164
2.272
2.236
2.001
2.079
2.062
2.041
2.047

-0.959
-1.215
-1.143
-1.144
-1.073
-1.295
-0.669
-1.139
-0.798
-1.131
-0.890
-0.981
-1.078
-1.006
-1.016
-0.821
-1.111
-1.137
-0.797
-1.083
-0.774
-1.061
-0.686
-1.275
-0.938
-0.798
-1.005
-0.700
-1.127
-0.655
-1.076
-0.834
-0.817
-0.975
-0.617
-1.080
-0.601
-1.075
-0.696
-0.790
-0.903
-0.659
-0.983
-0.759
-1.155
-0.941
-0.886
-1.018
-0.764
-1.059
-0.701
-0.983
-0.978
-0.889
-1.036
-0.808
-0.977
-0.775
-1.087
-0.876
-0.984
-1.012
-0.694
-1.074
-0.662
-1.174
-1.059
-0.801
-1.114
-0.734
-1.071
-0.662
-1.014
-0.968
-0.827
-1.065
-0.780
-1.103
-0.781
-1.017
-0.870
-0.945
-0.844
-1.103
-0.808
-1.231
-1.082
-1.240
-0.510
-1.109
-1.050
-1.005
-0.706
-0.998

1.266
0.985
1.034
1.144
1.166
0.925
1.338
0.916
1.261
0.900
1.335
1.103
1.122
1.078
1.016
1.211
0.969
0.962
1.238
0.997
1.318
0.976
1.321
0.821
1.072
1.157
1.022
1.349
0.938
1.387
0.957
1.168
1.225
1.078
1.411
0.977
1.431
0.925
1.269
1.125
1.141
1.368
1.068
1.311
0.914
1.131
1.179
1.035
1.297
0.991
1.979
1.033
1.063
1.182
1.019
1.233
0.977
1.246
0.967
1.146
1.124
1.064
1.289
0.940
1.349
0.853
1.007
1.244
0.943
1.291
0.937
1.323
0.887
1.001
1.138
0.980
1.255
0.949
1.278
0.984
1.119
1.155
1.369
1.122
1.301
1.042
1.082
1.032
1.726
0.892
1.029
1.057
1.335
1.049

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.040
0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.701
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.094
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Both
Silver Creek
Silver Creek
Silver Creek
Both
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Both
Silver Creek
Silver Creek
Both
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua

10

10

10

10

10

10

10

10

10
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12
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12

10
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10
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10

10

10
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10

10
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10
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15

15

15

12

12

10

10

10
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10
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10
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41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
41100
61650
41100
41100
41100
41100
41100
61650
61650
61650
61650
61650
49320
49320
49320
49320
49320

97100
41100
41100
41100
41100
41100
85900
41100
97100
41100
97100
41100
41100
97100
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
85900
41100
41100
85900
41100
85900
41100
106450
41100
85900
41100
85900
41100
61650
61650
61650
61650
106450
49320
49320
49320
94120
49320

19.3%
8.9%
8.5%
7.7%
7.6%
9.5%

15.9%
9.6%

19.4%
9.8%

18.3%
8.0%
7.9%

22.7%
8.7%

17.6%
9.5%
9.2%

17.2%
8.8%

16.1%
9.0%

16.1%

10.7%
8.2%

18.4%
8.6%

15.8%
9.4%

15.4%
9.2%
7.5%

17.4%
8.2%

15.1%
9.0%

14.9%
9.5%

16.8%
7.8%
7.7%

15.6%
8.3%

16.3%
9.6%
7.8%

18.1%
8.5%

16.4%
8.9%

16.7%
8.5%
8.3%

18.0%
8.6%

17.3%
9.0%

17.1%
9.1%
7.7%

19.0%
8.3%

16.5%
9.4%

15.8%

10.3%
8.8%

17.1%
9.3%

16.5%
9.4%

16.1%
9.9%
8.8%

18.7%
9.0%

17.0%
9.3%

20.1%
9.0%

19.1%
7.6%

15.6%
7.9%

11.0%

12.7%

12.2%

12.8%

14.9%

11.9%

10.3%

10.0%

17.3%

10.1%
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2010
2010
2010
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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2010
2010
2010
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2010
2010
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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4/11/2010
4/12/2010
4/13/2010
4/14/2010
4/15/2010
4/16/2010
4/17/2010
4/18/2010
4/19/2010
4/20/2010
4/21/2010
4/22/2010
4/23/2010
4/24/2010
4/25/2010
4/26/2010
4/27/2010
4/28/2010
4/29/2010
4/30/2010
5/1/2010
5/2/2010
5/3/2010
5/4/2010
5/5/2010
5/6/2010
5/7/2010
5/8/2010
5/9/2010
5/10/2010
5/11/2010
5/12/2010
5/13/2010
5/14/2010
5/15/2010
5/16/2010
5/17/2010
5/18/2010
5/19/2010
5/20/2010
5/21/2010
5/22/2010
5/23/2010
5/24/2010
5/25/2010
5/26/2010
5/27/2010
5/28/2010
5/29/2010
5/30/2010
5/31/2010
6/1/2010
6/2/2010
6/3/2010
6/4/2010
6/5/2010
6/6/2010
6/7/2010
6/8/2010
6/9/2010
6/10/2010
6/11/2010
6/12/2010
6/13/2010
6/14/2010
6/15/2010
6/16/2010
6/17/2010
6/18/2010
6/19/2010
6/20/2010
6/21/2010
6/22/2010
6/23/2010
6/24/2010
6/25/2010
6/26/2010
6/27/2010
6/28/2010
6/29/2010
6/30/2010
7/1/2010
7/2/2010
7/3/2010
7/4/2010
7/5/2010
7/6/2010
7/7/2010
7/8/2010
7/9/2010
7/10/2010
7/11/2010
7/12/2010
7/13/2010

1.052
1.297
1.057
1.221
1.018
1.313
0.955
1.136
1.272
0.963
1.338
1.212
1.010
1111
1.002
1.224
0.954
1.258
1.000
1.220
0.933
1.091
1.194
1.014
1.242
0.975
1.254
1.027
1.065
1.255
1.117
1.333
1.141
1.262
1.317
1.311
1.409
1191
1.209
1.159
1.184
0.940
1.075
1.163
1.061
1.178
1.055
1.193
1.043
0.929
1.175
1.092
0.997
1.085
1.683
1.068
1.155
1.143
1.159
1.069
1.089
1.209
1.115
1.147
1.200
1.367
1.162
1111
1.198
1.284
1.035
1.633
1.378
1.575
1.621
1.585
1.518
1.656
1.917
1.714
2.031
1.627
1.612
1.652
1.543
1.957
2.259
2.994
3.026
3.012
2.005
2.639
2.555
2.252

0.356
0.376
0.337
0.396
0.350
0.376
0.363
0.376
0.350
0.370
0.376
0.436
0317
0.370
0.370
0.370
0.343
0.356
0.343
0.356
0.356
0.370
0.350
0.350
0.343
0.363
0.350
0.396
0.429
0.337
0.409
0.422
0.429
0.383
0.541
0.541
0.495
0.323
0.330
0.323
0.330
0.323
0.356
0.383
0317
0.330
0.350
0.337
0.343
0.356
0.416
0.297
0.330
0.264
0.343
0.350
0.376
0.323
0.343
0.343
0.337
0.337
0.462
0.356
0.409
0.416
0317
0.403
0.363
0.548
0.548
0.409
0.515
0.574
0.660
0.587
0.396
0.587
0.587
0.693
0.739
0.660
0.422
0.548
0.574
0.673
0.772
0.931
1.043
1.036
0.891
0.898
0.845
0.845

33.9
29.0
318
324
34.4
28.7
38.0
33.1
27.5
384
28.1
35.9
314
333
36.9
30.2
36.0
28.3
343
29.2
38.2
33.9
29.3
34.5
27.6
37.2
27.9
38.6
40.3
26.8
36.6
317
37.6
30.3
41.1
413
35.1
27.2
27.3
27.9
27.9
34.4
33.2
32.9
29.9
28.0
33.2
28.2
32.9
384
35.4
27.2
33.1
243
204
32.8
32.6
28.3
29.6
32.1
30.9
27.8
41.4
311
34.1
304
27.3
36.2
30.3
42.7
52.9
25.1
37.4
36.5
40.7
37.1
26.1
35.5
30.6
40.4
36.4
40.6
26.2
33.2
37.2
34.4
34.2
311
34.5
34.4
44.4
34.0
33.1
37.5

2.087
2.048
2.062
2.064
2.036
2.020
2.046
2.081
2.063
2.064
2.072
2.034
2.037
2.067
1.987
2.083
2.008
2.068
2.051
2.019
2.073
2.016
1.991
1.963
2.084
2.071
2.134
2.071
2.045
2.049
2.072
2.191
2.208
2211
2.242
2.264
2.182
2.216
2.232
2.208
2.368
2.234
2.168
2.164
2.054
2.175
2.221
2.220
2.235
2.230
2.238
2.221
2.195
2.188
2.195
2.210
2.200
2127
2.208
2.231
2.234
2.198
2.249
2.238
2.215
2.247
2.231
2.204
2.229
2.233
2.218
2.240
2.235
2.250
2.316
2.292
2.277
2.271
2.233
2.897
2.919
2914
3.095
2.981
2.939
2917
2931
2.994
3.026
3.025
2.989
3.075
3.097
3.019

-1.035
-0.751
-1.005
-0.843
-1.018
-0.707
-1.091
-0.945
-0.791
-1.101
-0.734
-0.822
-1.027
-0.956
-0.985
-0.859
-1.054
-0.810
-1.051
-0.799
-1.140
-0.925
-0.797
-0.949
-0.842
-1.096
-0.880
-1.044
-0.980
-0.794
-0.955
-0.858
-1.067
-0.949
-0.925
-0.953
-0.773
-1.025
-1.023
-1.049
-1.184
-1.294
-1.093
-1.001
-0.993
-0.997
-1.166
-1.027
-1.192
-1.301
-1.063
-1.129
-1.198
-1.103
-0.512
-1.142
-1.045
-0.984
-1.049
-1.162
-1.145
-0.989
-1.134
-1.091
-1.015
-0.880
-1.069
-1.093
-1.031
-0.949
-1.183
-0.607
-0.857
-0.675
-0.695
-0.707
-0.759
-0.615
-0.316
-1.183
-0.888
-1.287
-1.483
-1.329
-1.396
-0.960
-0.672
0.000
0.000
-0.013
-0.984
-0.436
-0.542
-0.767

1.052
1.297
1.057
1.221
1.018
1.313
0.955
1.136
1.272
0.963
1.338
1.120
1.010
1.111
1.002
1.224
0.954
1.258
1.000
1.220
0.933
1.091
1.194
1.014
1.242
0.975
1.254
1.027
1.065
1.255
1.117
1.333
1.141
1.262
1.317
1.311
1.409
1.191
1.209
1.159
1.184
0.940
1.075
1.163
1.061
1.178
1.055
1.193
1.043
0.929
1.175
1.092
0.997
1.085
1.683
1.068
1.155
1.143
1.159
1.069
1.089
1.209
1.115
1.147
1.200
1.367
1.162
1.111
1.198
1.284
1.035
1.633
1.378
1.575
1.621
1.585
1.518
1.656
1.917
1.714
2.031
1.627
1.612
1.652
1.543
1.957
2.259
2.994
2.509
3.012
2.005
2.639
2.555
2.252

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.092
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.517
0.000
0.000
0.000
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Silver Creek
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
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Abiqua
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Abiqua
Abiqua
Abiqua
Abiqua
Abiqua
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Abiqua
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Abiqua
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Abiqua
Abiqua
Abiqua
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Abiqua
Abiqua
Abiqua
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49320
49320
49320
49320
49320
41100
49320
49320
49320
49320
49320
49320
49320
49320
49320
49320
49320
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49320
49320
49320
49320
49320
49320
49320
49320
49320
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24660
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24660
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49320
94120
49320
94120
49320
85900
49320
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94120
49320
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94120
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94120
49320
94120
49320
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24660
69460
47060
47060
24660
65350
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24660
24660
69460
24660
24660
69460
24660
24660
69460
24660
69460
24660
65350
20550
20550
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20550
65350
20550
65350
20550
20550
65350
20550
65350
20550
65350
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20550
65350
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65350
20550
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20550

10.1%
17.8%
10.0%
18.9%
10.4%
16.2%
11.1%
9.3%
18.1%
11.0%
17.3%
8.7%
22.9%
9.5%
10.6%
18.9%
11.1%
18.3%
10.6%
18.9%
11.3%
9.7%
19.3%
10.4%
18.6%
10.8%
18.4%
10.3%
9.9%
18.4%
9.5%
17.3%
4.6%
14.1%
4.0%
4.0%
12.6%
4.4%
14.7%
4.6%
15.0%
5.6%
4.9%
15.3%
5.0%
15.1%
5.0%
14.9%
5.1%
5.7%
15.1%
10.6%
11.6%
4.9%
10.1%
5.0%
4.6%
4.6%
15.4%
4.9%
4.9%
14.7%
4.7%
4.6%
14.8%
3.9%
15.3%
4.8%
14.1%
3.4%
4.3%
10.4%
3.2%
10.7%
2.7%
10.7%
2.9%
2.7%
8.8%
2.6%
8.3%
2.7%
10.5%
2.7%
2.9%
8.6%
2.0%
5.6%
1.5%
5.6%
2.2%
1.7%
6.6%
2.0%
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7/14/2010
7/15/2010
7/16/2010
7/17/2010
7/18/2010
7/19/2010
7/20/2010
7/21/2010
7/22/2010
7/23/2010
7/24/2010
7/25/2010
7/26/2010
7/27/2010
7/28/2010
7/29/2010
7/30/2010
7/31/2010
8/1/2010
8/2/2010
8/3/2010
8/4/2010
8/5/2010
8/6/2010
8/7/2010
8/8/2010
8/9/2010
8/10/2010
8/11/2010
8/12/2010
8/13/2010
8/14/2010
8/15/2010
8/16/2010
8/17/2010
8/18/2010
8/19/2010
8/20/2010
8/21/2010
8/22/2010
8/23/2010
8/24/2010
8/25/2010
8/26/2010
8/27/2010
8/28/2010
8/29/2010
8/30/2010
8/31/2010
9/1/2010
9/2/2010
9/3/2010
9/4/2010
9/5/2010
9/6/2010
9/7/2010
9/8/2010
9/9/2010
9/10/2010
9/11/2010
9/12/2010
9/13/2010
9/14/2010
9/15/2010
9/16/2010
9/17/2010
9/18/2010
9/19/2010
9/20/2010
9/21/2010
9/22/2010
9/23/2010
9/24/2010
9/25/2010
9/26/2010
9/27/2010
9/28/2010
9/29/2010
9/30/2010
10/1/2010
10/2/2010
10/3/2010
10/4/2010
10/5/2010
10/6/2010
10/7/2010
10/8/2010
10/9/2010
10/10/2010
10/11/2010
10/12/2010
10/13/2010
10/14/2010
10/15/2010

2.760
2.524
2.283
2.226
2.291
2.459
2.226
2.702
2.543
2.419
2.527
2.563
3.059
2.491
2.870
2.494
2.477
2.249
2.400
2.792
2.401
2.792
2.383
2.742
2131
2.081
2.317
2.288
2.457
2.751
2711
2.709
2.336
2.954
2.510
2.315
2.254
2.382
2.281
2.153
2.499
2.314
1.905
2.614
2.069
1.901
2.114
2.049
1.921
1.854
2.176
2.126
2117
1.908
1.576
1.753
1.548
1.612
1.281
1.442
1.550
1.865
1.470
1.646
1.174
1.450
1.196
1.068
1.275
1.162
1.286
1.175
1.167
1.453
1.238
0.689
1.944
1.172
1.336
1.464
1.152
1.279
1.198
1.326
1.356
1.058
1.387
0.724
1.418
1.418
1.105
0.860
1.315
0.973

0.884
0.865
0.779
0.792
0.845
0.825
0.805
0.957
0.977
0.957
0.997
0.957
1.109
1.076
0.964
0.977
0.977
0.917
1.122
1.175
1.102
1.175
1.082
1.254
1.036
1.122
1.043
0.983
1.030
1.201
1.241
1.261
1.261
1.221
1.175
1.181
1.069
1.096
1.010
1.122
1.168
1.089
1.168
1.135
1.168
1.016
1.049
0.983
0.977
0.957
0.871
0.812
0.706
0.634
0.686
0.508
0.488
0.495
0.495
0.462
0.495
0.561
0.541
0.528
0.409
0.416
0.383
0.376
0.403
0.383
0.376
0.363
0.383
0.442
0.403
0.363
0.363
0.370
0.389
0.449
0.356
0.376
0.304
0.396
0.330
0.350
0.343
0.145
0.422
0.455
0.297
0.277
0.284
0.337

32.0
343
34.1
35.6
36.9
33.6
36.2
35.4
384
39.6
39.4
373
36.2
43.2
33.6
39.2
39.4
40.8
46.8
42.1
45.9
42.1
45.4
45.7
48.6
53.9
45.0
43.0
41.9
43.7
45.8
46.5
54.0
413
46.8
51.0
47.4
46.0
44.3
52.1
46.7
47.1
61.3
43.4
56.5
53.5
49.6
48.0
50.8
51.6
40.0
38.2
334
33.2
43.6
29.0
31.6
30.7
38.6
32.0
31.9
30.1
36.8
32.1
34.9
28.7
32.0
35.2
31.6
32.9
29.3
30.9
32.8
304
325
52.7
18.7
315
29.1
30.7
30.9
29.4
25.3
29.9
243
33.1
24.7
20.1
29.8
32.1
26.9
32.2
21.6
34.6

3.125
3.106
3.113
3.143
3.178
3.156
3.106
3.133
3.130
3.121
3.159
3.138
3.059
3.114
3.160
3.023
3.049
3.079
3.182
3.161
3.166
3.146
3.177
3.183
3.157
3.181
3.160
3.174
3.153
3.159
3.128
3.208
3.150
3.137
3.121
3.157
3.201
3.343
3.338
3.355
3.140
2.324
2.714
3.090
3.065
2.999
2.899
2.309
2.105
2.150
2.176
2.126
2117
2.090
2.120
2.062
2111
2.150
2.050
1.978
1.958
2.025
2.100
3.000
2.042
2.048
2.036
2.018
1.987
1.992
1.978
1.972
2.030
2.076
2.008
2.067
2.828
2.961

1.963
2.033
2.088
2.054
2.066
2.906
2.373
2.219
2.228
2.254
2.050
2.050
2.044
2.076
2.085

-0.365
-0.582
-0.830
-0.917
-0.887
-0.697
-0.880
-0.431
-0.587
-0.702
-0.632
-0.575
0.000
-0.623
-0.290
-0.529
-0.572
-0.830
-0.782
-0.369
-0.765
-0.354
-0.794
-0.441
-1.026
-1.100
-0.843
-0.886
-0.696
-0.408
-0.417
-0.499
-0.814
-0.183
-0.611
-0.842
-0.947
-0.961
-1.057
-1.202
-0.641
-0.010
-0.809
-0.476
-0.996
-1.098
-0.785
-0.260
-0.184
-0.296
0.000
0.000
0.000
-0.182
-0.544
-0.309
-0.563
-0.538
-0.769
-0.536
-0.408
-0.160
-0.630
-1.354
-0.868
-0.598
-0.840
-0.950
-0.712
-0.830
-0.692
-0.797
-0.863
-0.623
-0.770
-1.378
-0.884
-1.789
1.336
-0.499
-0.881
-0.809
-0.856
-0.740
-1.550
-1.315
-0.832
-1.504
-0.836
-0.632
-0.945
-1.184
-0.761
-1.112

2.760
2.524
2.283
2.226
2.291
2.459
2.226
2.702
2.543
2.419
2.527
2.563
3.059
2.491
2.870
2.494
2.477
2.249
2.400
2.792
2.401
2.792
2.383
2.742
2.131
2.081
2.317
2.288
2.457
2.751
2.700
2.709
2.336
2.954
2.510
2.315
2.254
2.382
2.281
2.153
2.499
2.314
2.714
2.614
2.069
2.287
2.114
2.049
1.921
1.854
2.176
2.126
2.117
1.576
1.908
1.750
1.548
1.612
1.281
1.442
1.550
1.865
1.470
1.646
1.174
1.450
1.196
1.068
1.275
1.162
1.286
1.751
1.167
1.453
1.238
0.689
1.944
1.172
1.345
1.464
1.152
1.279
1.198
1.326
1.356
1.058
1.387
0.724
1.418
1.418
1.105
0.860
1.315
0.973

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.011
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.809
0.000
0.000
-0.386
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.332
-0.332
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.576
0.000
0.000
0.000
0.000
0.000
0.000
-0.009
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Abiqua
Abiqua
Abiqua
Abiqua
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