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INTRODUCTION 
The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies 
that was selected for implementation starting in 2014 for the Stormwater Action Monitoring 
(SAM) program for Puget Sound. The goal of effectiveness monitoring under the SAM program 
is to provide widely applicable information for improving stormwater management in the 
region. The specific study question to be addressed through the RPWS is as follows: 

How effective are watershed rehabilitation efforts at  
improving receiving water conditions at the watershed scale? 

In this context, rehabilitation efforts could include any of the following practices: 

● Stormwater management retrofits in upland areas that would include facilities for onsite 
stormwater management (e.g., low impact development [LID] practices), runoff 
treatment, and flow control 

● Riparian and instream habitat improvements 

● Programmatic practices for stormwater management 

To address this study question, a conceptual experimental design for the RPWS was 
subsequently developed and summarized in the Redmond Paired Watershed Study Experimental 
Design Report (Herrera 2015a). Building on this previous work, a Quality Assurance Project Plan 
(QAPP) was developed to guide the implementation of all subsequent phases of the RPWS 
(Herrera 2015b). This QAPP documents the experimental design and procedures that will be 
used during data collection, processing, and analysis to ensure all results obtained for the RPWS 
are scientifically defensible. 

As described in the QAPP, the experimental design for the RPWS has two primary components: 

● Status and Trends Monitoring: Routine and continuous measurements of various 
hydrologic, chemical, physical habitat, and biological indicators of stream health over an 
extended timeframe to quantify improvements in receiving water conditions in response 
to watershed rehabilitation efforts. 

● Effectiveness Monitoring: Measurements of hydrologic and/or chemical parameters 
over a relatively short timeframe to document the effectiveness of specific structural 
stormwater controls that have been constructed to improve receiving water conditions. 
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The Status and Trends Monitoring utilizes a “paired watershed” experimental design that 
involves collecting these measurements in seven watersheds (Table 1; Figure 1) categorized as 
follows: 

● Three “Application” watersheds with wadeable lowland streams that are moderately 
impacted by urbanization and prioritized for rehabilitation efforts. 

● Two “Reference” watersheds with relatively pristine wadeable lowland streams that do 
not require rehabilitation. 

● Two “Control” watersheds with wadeable lowland streams that are significantly impacted 
by urbanization and not currently prioritized for rehabilitation. 

Table 1. Application, Reference, and Control Watersheds for the 
Redmond Paired Watershed Study. 

Watershed Name 
Watershed 

Type 
Dominant Land 

Use/Cover 

Watershed Total 
Area 

(acres) 

Watershed Area 
Inside Redmond 

(acres) 
Evans Creek Tributary 108 Application Residential 397 0a 

Monticello Creek Application Residential/Commercial 345 264 
Tosh Creek Application Residential/Commercial 299 276 
Colin Creeka Reference Forest 1,990 90 

Seidel Creeka Reference Forest 1,188 615 

Country Creek Control Residential/Commercial 212 212 
Tyler’s Creek Control Residential/Commercial 168 167 

a Watershed is in unincorporated King County. 

Status and Trends Monitoring was initiated in 2016 and is currently ongoing; this component of 
the RPWS is anticipated to continue through 2025. The onset of Effectiveness Monitoring has 
been delayed for the following reasons: 

● Per the QAPP, Status and Trends Monitoring was conducted over a “baseline” period 
prior to the implementation of any rehabilitation efforts to increase the likelihood of 
detecting trends in the Application watersheds. 

● To date, no new structural stormwater controls have come online in an Application 
watershed that are suitable for Effectiveness Monitoring. 
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In April 2021, the City of Redmond retrofitted two existing stormwater detention ponds in the 
Monticello Watershed with a continuous monitoring and adaptive control (CMAC) system to 
improve their performance for managing peak flows during storm events. This memorandum 
outlines proposed monitoring of these ponds for the Effectiveness Monitoring component of 
the RPWS and the related linkages to ongoing Status and Trends Monitoring. It is organized to 
include the following information to support this proposed monitoring: 

● Description of the stormwater detention ponds and the CMAC system 

● Description of the procedures that will be used for the Effectiveness Monitoring 

● Description of the data analysis methods that will be used to quantify performance 
improvements stemming from the CMAC system 

● Description of reporting activities for the Effectiveness Monitoring 

● Planning level cost estimate for the Effectiveness Monitoring 

STORMWATER DETENTION POND RETROFIT DESCRIPTION 
Following a pilot study conducted by Osborn Consulting, Inc., that examined the feasibility and 
cost/benefit of retrofitting stormwater detention ponds (Appendix A), the City is planning to 
retrofit two stormwater detention ponds in the Monticello Creek watershed (Figure 1) with a 
CMAC system that was developed by Opti. As shown in Figure 2, the Curry East pond is located 
near the intersection of Northeast 116th Street and 174th Place Northeast while the Whistler 
Ridge pond is located near the intersection of Northeast 116th Street and 176th Place 
Northeast. Both ponds discharge to the southern fork of Monticello Creek at a location just 
downstream of existing hydrologic monitoring (Mon-Mid-S) and physical habitat monitoring 
(Mont-3) stations for the Status and Trends Monitoring and upstream of existing hydrologic 
monitoring (Mont-Mouth) and physical habitat monitoring (Mont-1 and Mont-2) stations on the 
main stem of the creek (Figure 3). 

The Curry East pond was constructed in 2004, and the Whistler Ridge pond was constructed in 
2003. Both ponds were designed pursuant to the Stormwater Management Manual for Puget 
Sound (Ecology 1992) and sized to limit peak flows discharged from the developed site to 
50 percent of the existing condition 2-year, 24-hour event and to maintain the existing 
condition peak flow rates for the 10-year and 100-year, 24-hour design storms. Collectively, the 
two ponds treat approximately 10 percent of the total contributing watershed area for 
Monticello Creek. For reference, as-built drawings for the ponds are provide in Appendix B to 
this memorandum; the drainage report for the Curry East pond is provide in Appendix C. 

https://optirtc.com/
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Figure 2. Location of Pond Retrofit Projects. 

The CMAC system developed by Opti optimizes the performance of existing stormwater 
detention facilities by leveraging forecast information with onsite sensors, allowing adaptive use 
of the full storage volume available to mimic flow patterns that existed prior to land 
development. By limiting and controlling outflows, the Opti CMAC system is able to minimize 
erosion and flashiness in the downstream channel (often greater than 50 percent improvement 
from passive pond operation), improving habitat conditions in downstream receiving waters. 
More detailed information on the Opti CMAC system is provided in Appendix D to this 
memorandum. The Opti CMAC system received approval through the Washington Department 
of Ecology’s Technology Assessment Protocol – Ecology (TAPE) program for use in meeting the 
State’s Flow Duration Control (FDC) requirements (Appendix E). 

It is anticipated that the Opti CMAC system will be installed and become operational in both 
ponds sometime in the spring of 2021. 
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EFFECTIVENESS MONITORING PROCEDURES 
Effectiveness Monitoring would involve comparisons of the measured outflow from the ponds 
with the Opti CMAC system to modeled estimates of outflow from the ponds in their current 
configuration. Measured outflow from the ponds will be obtained from sensors that will be 
installed in association with the Opti CMAC system. The inflow to each pond is required to 
model outflow in their current configuration. Because each pond has multiple inlets, it was 
deemed too costly to install monitoring equipment to directly measure inflow. Therefore, the 
following stepwise procedure will be employed to estimate inflow to the ponds: 

1. Using the Opti CMAC system to prevent discharge from each pond, capture water during 
successive storm events until each pond is completely filled. 

2. During a dry period, use the Opti CMAC system to perform a controlled release of water 
from each pond while continuously measuring the pond outflow and stage. 

3. Using the data obtained from Step 2, develop relationships for predicting the available 
storage in each pond as a function of stage. 

4. Using the relationships obtained from Step 3, develop spreadsheet models to estimate 
the average inflow rate to the ponds over 15-minute intervals based on the following 
equation and using measured data from the Opti CMAC system for pond outflow and 
stage: 

Qinflow = (Qoutflow + Δstorage)/900 

Where: 

Qinflow = estimated average pond inflow rate in cubic feet per second over 
15-minute interval 

Qoutflow = measured pond outflow in cubic feet over 15-minute interval 

Δstorage = measured change in pond storage in cubic feet over 15-minute interval 

Example calculations for this equation are provided in Appendix F. 

5. Using the spreadsheet models from Step 4, estimate the inflow to each pond over an 
entire water year using continuous measurements (15-minute logging interval) of 
outflow and stage from the Opti CMAC system over the same period. 

6. Use the continuous estimates of inflow to the ponds from Step 5 as input for a Western 
Washington Hydrology Model (WWHM) that will be developed for each pond to predict 
outflows in their current configuration. 
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It is anticipated that the Effectiveness Monitoring described herein would initiate once the 
CMAC system becomes operational in each pond (spring of 2021) and extend over a period 
capturing Water Years (WY) 2022 and 2023. This will produce a continuous time series of pond 
outflow that will be collected over a sufficient duration to detect pond performance 
improvements across a range of storm sizes. 

It should be noted that the accuracy of the spreadsheet models from Step 5 may decrease if 
baseflow enters the ponds between storm events during wet weather months. To ensure the 
accuracy of these models, inlets to each pond will be inspected in October, December, February, 
and April over the period of monitoring identified above to check for baseflow. If baseflow is 
observed at an inlet, a manual measurement will be made using a portable flow meter to 
quantify the baseflow discharge. These data will then be used to modify the spreadsheet models 
from Step 5 to increase their accuracy. 

DATA ANALYSIS METHODS 
Data obtained from the monitoring described above will be analyzed to detect a significant 
decrease in peak outflow from the ponds relative to the expected peak outflow of the ponds in 
their current configuration. The specific null hypothesis (Ho) and alternative hypothesis (Ha) for 
this analysis are as follows: 

Ho: Peak outflow from the ponds with the Opti CMAC system is equal to or higher than 
the peak outflow from the ponds in their current configuration. 

Ha: Peak outflow from the ponds with the Opti CMAC system is lower than the peak 
outflow from the ponds in their current configuration. 

To facilitate this analysis, the time series data described above for outflow will be processed 
using a computer algorithm to identify individual storm “events” based on a minimum inter-
event dry period with less than 0.04 inch of rainfall. Once these events are defined, the algorithm 
will automatically calculate peak outflow during individual storm events for the ponds with the 
Opti CMAC system and the ponds in their current configuration. These data will then be 
compared using a Wilcoxon signed rank test to evaluate the null and alternate hypotheses 
identified above. The statistical significance of this test will be assessed based on an alpha (α) 
level of 0.05. 

In addition to the statistical test described above, flow duration curves will be computed based 
on the outflow from the ponds with the Opti CMAC system and the outflow from the ponds in 
their current configuration. These curves will be compared to determine if the ponds with the 
Opti CMAC system provide a level of performance that more closely matches design 
expectations from the current Stormwater Management Manual for Western Washington 
(Ecology 2019). 
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Data from existing monitoring stations that were established for the Status and Trends 
Monitoring component of the RPWS will also be leveraged to detect improving trends in 
receiving water conditions that may stem from the pond retrofits. Specifically, trend analyses will 
be performed on the data from existing hydrologic monitoring stations in the Monticello Creek 
watershed based on procedures identified in Herrera (2015b and 2020). Given the point of 
discharge for the ponds on the creek (Figure 3), improving trends would be expected at the 
main stem hydrologic monitoring station (Mont-Mouth) but not at the stations located on the 
northern and southern forks of the creek (Mont-Mid-S and Mont-Mid-N, respectively). 

Similarly, data from existing physical habitat monitoring stations that were established for the 
Status and Trends Monitoring will be leveraged for the same purpose. Based on the locations of 
these stations on the creek (Figure 3), improving trends would be expected at the main stem 
physical habitat monitoring stations (Mont-1 and Mont-2) but not at the stations located on the 
northern and southern forks of the creek (Mont-4 and Mont-5, respectively). 

Results from the analyses described above will be summarized in a stand-alone Effectiveness 
Monitoring Report that will be produced following the conclusion of monitoring at the end of 
WY2023. A draft version of this report will be produced for review by the Technical Advisory 
Committee (TAC) that was established for the RPWS. A final version of the report will then be 
produced based on comments received from the TAC on the draft version. 

PLANNING LEVEL COST ESTIMATES 
Planning levels costs for the Effectiveness Monitoring described herein are summarized in 
Table 2 by major deliverables. 

Table 2. Planning Level Cost Estimates. 
Deliverable Anticipated Completion Cost 

Spreadsheet models to predict pond inflow Spring 2022 $4,000 
WWHM to predict pond outflow Spring 2022 $4,000 

Inflow estimates for each pond through the end of 
WY2022 

Fall 2022 $8,500 

Inflow estimates for each pond through the end of 
WY2023 

Fall 2023 $8,500 

Draft Effectiveness Monitoring Report Fall/Winter 2023 $15,000 
Final Effective Monitoring Report Winter/Spring 2024 $4,000 

Total Cost  $44,000 

WY: water year  
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CMAC PILOT STUDY 

FEASIBILITY AND COST/BENEFIT ANALYSIS 

OVERVIEW 
The purpose of this memo is to summarize the feasibility and cost/benefit analysis for retrofitting two 
stormwater ponds in the City of Redmond with continuous monitoring and adaptive control (CMAC) 
systems. The analysis consisted of assessing the planning level cost and improvement in flow durations 
at potential pond locations after installing a CMAC retrofit. Flow durations were brought as close as 
possible to pre-developed durations by adjusting the active orifice sizes and CMAC control parameters. 
The analysis will be used to finalize the selection of two stormwater ponds for retrofit pilot projects and 
verify initial hydraulic parameters for the selected ponds so equipment can be ordered to allow installation 
during fall 2020. The equipment order has been identified as a critical path item and will consist of an 
order for the CMAC actuator assemblies that are estimated to have a 16-week lead time. 
The City has identified four ponds as possible retrofit locations, with two preferred options that would 
allow management of the largest basin area. Each pond is located in the Monticello Creek watershed. 
Monticello Creek was selected as a priority watershed for restoration after completion of the City’s 2013 

Watershed Management Plan. The four ponds are shown in Figure 1 and include the following: 
• Whistler Ridge (preferred location) 
• Curry East (preferred location) 
• Taloora Aye 
• Fisher Village Pond #1 

Each pond was investigated to determine the benefits, feasibility, and planning-level costs of retrofitting 
with a CMAC system that operates using software developed by OptiRTC, Inc. (Opti). 
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Figure 1 | Project Area Map 

EXISTING CONDITIONS 
The four stormwater ponds are located in north Redmond in residential subdivisions on the north side of 
NE 116th Street. All ponds are within approximately a quarter mile of each other. The ponds discharge to 
Monticello Creek either directly or through a storm drain system that conveys flow from west to east along 
NE 116th Street. According to record drawings, the ponds were constructed between 2001 and 2005. The 
ponds were intended to manage runoff from the residential developments also constructed at that time.  
According to drainage reports, the ponds and control structures were designed to provide flow control 
using the Santa Barbara Urban Hydrograph (SBUH) method and sized to match pre-developed (forested) 
flows for 50 percent of the 2-year peak flow and the full peak flows for the 10-year and 100-year events. 
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This methodology aligned with the 1992 Ecology Stormwater Management Manual for the Puget Sound 
Basin, which was adopted by the City of Redmond at the time.  

FEASIBILITY 
Feasibility for retrofitting the ponds was determined by completing site visits to verify record drawings and 
determine whether adequate conditions exist for installing a CMAC retrofit. Site visits to each pond were 
completed by OCI on July 2, 2020. Each pond was inspected for the following elements: 

• Accessibility for construction equipment 
• Verification that outlet structures matched record drawings 
• Adequate space for installation of CMAC system, including space for an actuator installed above 

the outlet structure and an electrical panel installed nearby 
• Adequate space for a solar panel that would not be inhibited by excessive tree cover 

Based on the criteria above, all four locations were determined to be feasible for installation of a CMAC 
system. The Whistler Ridge and Curry East ponds were noted to be enclosed in fenced areas, while the 
Taloora Aye and Fischer Village ponds were not fenced.  

WWHM AND CMAC MODELING 
Potential improvements from CMAC retrofits were investigated using the Western Washington Hydrology 
Model (WWHM) Version 4.2.17 and a spreadsheet tool provided by Opti that calculates the change in 
flow durations based on CMAC software logic expected to be employed at each site. For each pond, a 
model was first run in WWHM and then imported into the Opti spreadsheet. Modeling was completed 
according to guidelines in the Redmond Stormwater Technical Notebook. 
WWHM hydrology parameters were taken from drainage reports that were available for each pond. Land 
cover in pre-developed conditions was assumed to be forest. For existing conditions, pervious areas were 
generally assumed to be lawn, except for several park areas and natural areas that were assumed to be 
forest based on heavy tree cover shown in aerial images. According to data from the USDA web soil 
survey, soils in the area consist of Alderwood gravelly sandy loam. This soil was modeled as Type C in 
WWHM. Slopes were determined using GIS contours and modeled using the flat slope category for all 
basins. Basin parameters are summarized in Table 1. 

TABLE 1 | WWHM MODEL PARAMETERS  

Pond Basin 

Area (AC) 

Impervious 

Area (AC) 

Forest 

Area (AC) 

Lawn 

Area (AC) 

Percent 

Impervious 

Slope 

Category 

Whistler Ridge 16.91 9.97 0 6.94 59% Flat 
Curry East 17.03 9.12 1.97 5.93 53% Flat 
Taloora Aye 15.78 7.73 2.36 5.70 49% Flat 
Fischer Village 7.02 4.30 0 2.72 61% Flat 

 
For the existing conditions WWHM models, pond parameters were taken from record drawings and 
included pond dimensions, live storage volumes, and the sizes and depths of orifices and risers. To 
simplify the modeling, the dead storage volume below the pond outlet elevations was not modeled. 
CMAC model parameters consisted of WWHM output data and parameters for guiding CMAC logic during 
the model simulation. WWHM parameters were taken from WWHM model output and included pre-
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developed and existing conditions runoff timeseries, precipitation timeseries, and stage-storage curves for 
the ponds. The primary CMAC logic parameters were the depth and size of the proposed active orifices, 
target maximum stage during active control, and minimum desired flow to be released during the 
simulation. Orifices depth was set equal to the pond outlet to allow active control at all flow rates. The 
target maximum stage was set to the top of the overflow riser in the control structure. Minimum desired 
flow was set equal to or less than 50 percent of the 2-year peak flow based on the WWHM model, which 
was roughly half the minimum flow that the ponds were designed to release under the 1992 standards. 
This is the flow rate that will be targeted during times when the pond is releasing water after filing up 
during a storm event. The spreadsheet includes multiple other CMAC parameters related to logic 
decisions based on weather forecasting and were generally left at the default settings for this preliminary 
stage of design. These parameters will be fine-tuned during final design and the post-construction 
software optimization period, which will be performed by Opti. 

TABLE 2 | OPTI SPREADSHEET PARAMETERS 

Pond 
Existing Control Structure 

and Inverts (ft NAVD88) 

Active CMAC Orifice 
Target 

Maximum 

Stage (ft) 

Minimum 

Desired 

Flow (cfs) 
Diameter 

(in) 

Proposed 

Valve Inverts  

(ft NAVD88) 

Whistler Ridge 
1.70-in Orifice, 213.89 
5.94-in Orifice, 220.46 

8-in Orifice, 221.35 
12 217.37 3.8 0.25 

Curry East 2.94-in Orifice, 264.50 
1.25-ft Notched Weir, 269.43 10 267.00 5.5 0.25 

Taloora Aye 2.09-in Orifice, 182.93 
1.48-ft Notched Weir, 188.93 12 184.38 5.0 0.10 

Fischer Village 1.90-in Orifice, 203.51 
2.20-ft Notched Weir, 206.45 10 203.71 6.0 0.23 

 

COST/BENEFIT ANALYSIS 
Costs for the retrofit projects were compared using hardware cost estimates provided by Opti. Because 
each retrofit location would have similar hardware components, the costs did not vary significantly 
between the pond locations. Costs were primarily estimated using equipment quotes provided by Opti. A 
10 percent contingency was added for equipment costs, and a 30 percent contingency was added for 
construction costs. Planning level cost estimates are summarized in Table 3 and attached included in 
Appendix A. 
Benefits were assessed by comparing basin area managed, change in flow durations, and advantages 
and disadvantages of each site location. The basin area managed was greatest for the Whistler Ridge 
pond (16.91 acres) and the Curry East pond (17.03 acres). The Taloora Aye pond (15.78 acres) manages 
slightly less area, while the Fischer Village pond (7.02 acres) manages the smallest area. 
Flow duration plots are included in Appendix B and indicate that flow durations improved in each pond 
with the CMAC retrofit. Current flow control in the Redmond Technical Notebook require flow control 
facilities for new or redevelopment projects to match pre-developed flow durations for 50 percent of the 2-
year peak flow through the full 50-year peak flow (flow control standard) along with matching pre-
developed durations for 8 percent of the 2-year flow through 50 percent of the 2-year flow (LID standard) 
if LID facilities are not used to the maximum extent feasible. Because the existing ponds were designed 
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under older standards and the volume of the ponds is not proposed to be increased with this retrofit, it 
was not possible to meet the current flow control standards. Flow durations were brought as close as 
possible to pre-developed durations by adjusting the active orifice sizes and CMAC control parameters. 
The Whistler Ridge and Curry East ponds have the site advantages of being enclosed in gated areas, 
which could be useful in providing extra security for a CMAC system that includes a control panel and 
solar panel installed above ground. The costs and benefits for each pond are summarized in Table 3.  

TABLE 3 | COST/BENEFIT SUMMARY 

Pond 

Planning Level 

Construction 

Cost with 

Contingency 

Basin Area 

Managed by 

Retrofit (ac) 

Site 

Advantages/ 

Disadvantages 

Whistler Ridge $103,422 16.91 Enclosed in 
gated area 

Curry East $105,388 17.03 Enclosed in 
gated area 

Taloora Aye $105,449 15.78 Not enclosed 

Fischer Village $103,634 7.02 Not enclosed 

Note: Annual software licensing costs are not included in the construction 

cost estimates. For two ponds, annual software licensing costs are 

$27,600. 

RECOMMENDATIONS 
The Whistler Ridge pond and Curry East pond are recommended for moving forward with CMAC retrofits. 
These ponds have the advantages of managing the largest basin areas and being located in enclosed 
areas that will provide extra security. 
Based on modeling results, both of these ponds are recommended to have a 12-inch orifice, which will 
require an IQT500 actuator assembly based on information provided by Opti. It is recommended that the 
City move forward with ordering the actuator assemblies so that construction can occur during fall 2020. 
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APPENDIX A: PLANNING LEVEL COST ESTIMATES 
  



Whistler Ridge

City of Redmond

CMAC Retrofit Pilot Project

Planning Level Cost Estimate

Whistler Ridge

Item Unit Unit Cost Quantity Cost

Rototork IQT 500 24 VDC Actuator LS $12,000.00 1 $12,000 

12-Inch Butterfly Valve, 10-Foot Valve Stem, 24-in to 12-in 

Reducer on 18-in Metal Outlet
LS $9,950.00 1 $9,950 

24 VDC Solar Panels LS $4,000.00 1 $4,000 

Opti Control Panel LS $10,000.00 1 $10,000 

PMC Water Level Sensor and 80 ft Cable LS $2,200.00 1 $2,200 

Davis Rain Gauge LS $175.00 1 $175 

Camera LS $1,500.00 1 $1,500 

$39,825 

$3,983 

$4,381 

$48,188 

Modified Control Structure Riser LS $5,000.00 1 $5,000 

Mobilization and Construction LS $35,000.00 1 $35,000 

$40,000 

$4,000 

$13,200 

$57,200 

$105,388 

$27,600 

CONTRACTOR  ITEMS

OPTI EQUIPMENT

Opti Equipment Subtotal

Shipping (10%)

Equipment Contingency (10%)

Opti Equipment Total

Ongoing Annual Costs for Software License (Total Price for Two Ponds)

Contractor Items Subtotal

Sales Tax (10%)

Construction Contingency (30%)

Contractor Items Total

Opti Equipment Plus Contractor Items Total

SOFTWARE LICENSE



Curry Pond

City of Redmond

CMAC Retrofit Pilot Project

Planning Level Cost Estimate

Curry Pond

Item Unit Unit Cost Quantity Cost

Rototork IQT 500 24 VDC Actuator LS $12,000.00 1 $12,000 

10-Inch Butterfly Valve, 7-Foot Valve Stem, Collar with 

Reducer on 18-Inch Metal Outlet
LS $8,325.00 1 $8,325 

24 VDC Solar Panels LS $4,000.00 1 $4,000 

Opti Control Panel LS $10,000.00 1 $10,000 

PMC Water Level Sensor and 80 ft Cable LS $2,200.00 1 $2,200 

Davis Rain Gauge LS $175.00 1 $175 

Camera LS $1,500.00 1 $1,500 

$38,200 

$3,820 

$4,202 

$46,222 

Modified Control Structure Riser LS $5,000.00 1 $5,000 

Mobilization and Construction LS $35,000.00 1 $35,000 

$40,000 

$4,000 

$13,200 

$57,200 

$103,422 

$27,600 Ongoing Annual Costs for Software License (Total Price for Two Ponds)

Opti Equipment Subtotal

Contractor Items Subtotal

OPTI EQUIPMENT

CONTRACTOR  ITEMS

Equipment Contingency (10%)

Opti Equipment Total

Construction Contingency (30%)

Contractor Items Total

Shipping (10%)

Sales Tax (10%)

Opti Equipment Plus Contractor Items Total

SOFTWARE LICENSE



Taloora Aye

City of Redmond

CMAC Retrofit Pilot Project

Planning Level Cost Estimate

Taloora Aye

Item Unit Unit Cost Quantity Cost

Rototork IQT 500 24 VDC Actuator LS $12,000.00 1 $12,000 

12-Inch Butterfly Valve, Stem, and Reducer LS $10,000.00 1 $10,000 

24 VDC Solar Panels LS $4,000.00 1 $4,000 

Opti Control Panel LS $10,000.00 1 $10,000 

PMC Water Level Sensor and 80 ft Cable LS $2,200.00 1 $2,200 

Davis Rain Gauge LS $175.00 1 $175 

Camera LS $1,500.00 1 $1,500 

$39,875 

$3,988 

$4,386 

$48,249 

Modified Control Structure Riser LS $5,000.00 1 $5,000 

Mobilization and Construction LS $35,000.00 1 $35,000 

$40,000 

$4,000 

$13,200 

$57,200 

$105,449 

$27,600 Ongoing Annual Costs for Software License (Total Price for Two Ponds)

Contractor Items Subtotal

Sales Tax (10%)

Construction Contingency (30%)

Contractor Items Total

Opti Equipment Plus Contractor Items Total

SOFTWARE LICENSE

OPTI EQUIPMENT

Opti Equipment Subtotal

Shipping (10%)

Equipment Contingency (10%)

Opti Equipment Total

CONTRACTOR  ITEMS



Fischer Village

City of Redmond

CMAC Retrofit Pilot Project

Planning Level Cost Estimate

Fischer Village

Item Unit Unit Cost Quantity Cost

Rototork IQT 500 24 VDC Actuator LS $12,000.00 1 $12,000 

12-Inch Butterfly Valve, Stem, and Reducer LS $8,500.00 1 $8,500 

24 VDC Solar Panels LS $4,000.00 1 $4,000 

Opti Control Panel LS $10,000.00 1 $10,000 

PMC Water Level Sensor and 80 ft Cable LS $2,200.00 1 $2,200 

Davis Rain Gauge LS $175.00 1 $175 

Camera LS $1,500.00 1 $1,500 

$38,375 

$3,838 

$4,221 

$46,434 

Modified Control Structure Riser LS $5,000.00 1 $5,000 

Mobilization and Construction LS $35,000.00 1 $35,000 

$40,000 

$4,000 

$13,200 

$57,200 

$103,634 

$27,600 Ongoing Annual Costs for Software License (Total Price for Two Ponds)

Contractor Items Subtotal

Sales Tax (10%)

Construction Contingency (30%)

Contractor Items Total

Opti Equipment Plus Contractor Items Total

SOFTWARE LICENSE

OPTI EQUIPMENT

Opti Equipment Subtotal

Shipping (10%)

Equipment Contingency (10%)

Opti Equipment Total

CONTRACTOR  ITEMS
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APPENDIX B: FLOW DURATION CURVES 
 



City of Redmond
CMAC Retrofit Pilot Project
Flow Duration Plot
Whistler Ridge Pond



City of Redmond

CMAC Retrofit Pilot Project

Flow Duration Summary 

Whistler Ridge Pond

Flow(cfs)

Percentage 

(Mitigated/ 

Predeveloped) Pass/Fail

Percent Reduction 

from Existing 

Conditions 

Predeveloped

Developed 

Unmitigated

Existing 

Conditions

CMAC 

Mitigated

0.2486 4386 27811 9332 1955 45 Pass 79

0.2584 4036 26842 9057 1802 45 Pass 80

0.2682 3729 25853 8831 1655 44 Pass 81

0.2779 3458 25034 8586 1525 44 Pass 82

0.2877 3214 24291 8346 1398 43 Pass 83

0.2975 2955 23564 8142 1275 43 Pass 84

0.3073 2723 22791 7941 1161 43 Pass 85

0.3171 2527 22075 7752 1051 42 Pass 86

0.3269 2345 21345 7553 987 42 Pass 87

0.3366 2183 20697 7345 938 43 Pass 87

0.3464 2043 20048 7133 895 44 Pass 87

0.3562 1893 19427 6901 861 45 Pass 88

0.366 1768 18865 6690 822 46 Pass 88

0.3758 1644 18334 6493 784 48 Pass 88

0.3856 1539 17807 6288 761 49 Pass 88

0.3954 1442 17289 6087 729 51 Pass 88

0.4051 1361 16785 5925 693 51 Pass 88

0.4149 1273 16317 5766 672 53 Pass 88

0.4247 1202 15867 5595 643 53 Pass 89

0.4345 1129 15453 5466 609 54 Pass 89

0.4443 1056 15039 5317 592 56 Pass 89

0.4541 1003 14595 5181 563 56 Pass 89

0.4638 943 14189 5031 546 58 Pass 89

0.4736 887 13805 4879 530 60 Pass 89

0.4834 835 13401 4726 516 62 Pass 89

0.4932 787 12993 4553 494 63 Pass 89

0.503 740 12626 4382 478 65 Pass 89

0.5128 697 12276 4244 459 66 Pass 89

0.5226 648 11918 4074 441 68 Pass 89

0.5323 611 11612 3947 429 70 Pass 89

0.5421 577 11308 3807 424 73 Pass 89

0.5519 540 10998 3680 415 77 Pass 89

0.5617 503 10697 3546 404 80 Pass 89

0.5715 477 10415 3400 396 83 Pass 88

0.5813 446 10154 3271 385 86 Pass 88

0.591 421 9912 3150 375 89 Pass 88

0.6008 395 9643 3035 363 92 Pass 88

0.6106 370 9404 2919 350 95 Pass 88

0.6204 343 9158 2816 340 99 Pass 88

Duration Exceeding Flowrate, hours

Note: Flow durations were brought as close as possible to pre-developed durations by adjusting the active orifice sizes and CMAC 

control parameters. Passing conditions could not be achieved for all flow durations because of the volume of the existing ponds.



0.6302 325 8889 2705 329 101 Pass 88

0.64 306 8655 2603 324 106 Pass 88

0.6498 291 8414 2505 317 109 Pass 87

0.6595 275 8210 2419 308 112 Fail 87

0.6693 263 8004 2311 298 113 Fail 87

0.6791 245 7798 2204 286 117 Fail 87

0.6889 234 7605 2121 278 119 Fail 87

0.6987 221 7393 2044 265 120 Fail 87

0.7085 209 7197 1968 253 121 Fail 87

0.7182 196 6998 1888 236 120 Fail 88

0.728 181 6824 1822 225 124 Fail 88

0.7378 175 6651 1737 205 117 Fail 88

0.7476 168 6493 1659 194 115 Fail 88

0.7574 158 6337 1587 185 117 Fail 88

0.7672 149 6195 1517 179 120 Fail 88

0.777 141 6039 1461 170 121 Fail 88

0.7867 134 5868 1409 164 122 Fail 88

0.7965 124 5695 1359 161 130 Fail 88

0.8063 118 5568 1303 156 132 Fail 88

0.8161 109 5436 1243 152 139 Fail 88

0.8259 101 5306 1201 147 146 Fail 88

0.8357 93 5189 1147 142 153 Fail 88

0.8454 86 5071 1098 138 160 Fail 87

0.8552 81 4940 1048 136 168 Fail 87

0.865 74 4826 1009 135 182 Fail 87

0.8748 71 4720 975 129 182 Fail 87

0.8846 66 4594 933 127 192 Fail 86

0.8944 59 4470 893 116 197 Fail 87

0.9042 52 4356 868 113 217 Fail 87

0.9139 50 4260 831 112 224 Fail 87

0.9237 45 4146 795 110 244 Fail 86

0.9335 40 4044 769 107 268 Fail 86

0.9433 36 3948 729 105 292 Fail 86

0.9531 31 3851 692 101 326 Fail 85

0.9629 30 3754 655 97 323 Fail 85

0.9726 26 3664 628 94 362 Fail 85

0.9824 24 3583 591 92 383 Fail 84

0.9922 20 3502 568 91 455 Fail 84

1.002 20 3413 543 88 440 Fail 84

1.0118 17 3326 518 86 506 Fail 83

1.0216 15 3255 498 85 567 Fail 83

1.0314 15 3183 486 84 560 Fail 83

1.0411 12 3119 472 84 700 Fail 82

1.0509 10 3039 462 84 840 Fail 82

1.0607 9 2972 453 83 922 Fail 82

1.0705 7 2887 444 82 1171 Fail 82

1.0803 6 2805 437 79 1317 Fail 82

1.0901 5 2730 429 78 1560 Fail 82

1.0998 5 2676 419 76 1520 Fail 82

1.1096 5 2615 406 75 1500 Fail 82

1.1194 4 2564 401 74 1850 Fail 82

1.1292 4 2516 396 74 1850 Fail 81

1.139 3 2463 387 73 2433 Fail 81

1.1488 3 2401 378 71 2367 Fail 81



1.1586 3 2346 374 70 2333 Fail 81

1.1683 2 2309 372 70 3500 Fail 81

1.1781 1 2266 366 69 6900 Fail 81

1.1879 1 2217 363 69 6900 Fail 81

1.1977 0 2171 359 67 N/A Fail 81

1.2075 0 2133 352 66 N/A Fail 81

1.2173 0 2081 347 65 N/A Fail 81
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City of Redmond

CMAC Retrofit Pilot Project

Flow Duration Summary 

Curry Pond

Flow(cfs)

Percentage 

(Mitigated/ 

Predeveloped)

Pass/Fail Status for 

Current Flow 

Control Standard

Percent Reduction 

from Existing 

Conditions 

Predeveloped

Developed 

Unmitigated

Existing 

Conditions

CMAC 

Mitigated

0.2503 4388 26019 20578 3420 78 Pass 83

0.2602 4038 25062 18272 3221 80 Pass 82

0.2701 3729 24241 16142 3030 81 Pass 81

0.2799 3456 23386 14157 2861 83 Pass 80

0.2898 3212 22569 12373 2696 84 Pass 78

0.2996 2955 21780 10877 2543 86 Pass 77

0.3095 2723 21047 9526 2408 88 Pass 75

0.3193 2527 20332 8245 2264 90 Pass 73

0.3292 2346 19635 7078 2144 91 Pass 70

0.339 2183 18993 6051 1998 92 Pass 67

0.3489 2043 18386 5080 1887 92 Pass 63

0.3587 1893 17819 4086 1805 95 Pass 56

0.3686 1768 17253 3202 1717 97 Pass 46

0.3785 1644 16696 2311 1635 99 Pass 29

0.3883 1539 16181 1988 1562 101 Pass 21

0.3982 1442 15723 1848 1489 103 Pass 19

0.408 1361 15261 1785 1424 105 Pass 20

0.4179 1273 14771 1714 1367 107 Pass 20

0.4277 1202 14310 1648 1320 110 Pass 20

0.4376 1129 13905 1588 1266 112 Fail 20

0.4474 1057 13423 1537 1216 115 Fail 21

0.4573 1003 12991 1483 1171 117 Fail 21

0.4671 942 12579 1441 1128 120 Fail 22

0.477 887 12198 1400 1091 123 Fail 22

0.4868 835 11844 1358 1054 126 Fail 22

0.4967 787 11514 1324 1026 130 Fail 23

0.5066 740 11175 1287 995 134 Fail 23

0.5164 697 10833 1255 968 139 Fail 23

0.5263 648 10496 1217 938 145 Fail 23

0.5361 611 10231 1194 904 148 Fail 24

0.546 577 9938 1157 878 152 Fail 24

0.5558 541 9658 1129 849 157 Fail 25

0.5657 503 9391 1101 818 163 Fail 26

0.5755 477 9112 1073 791 166 Fail 26

0.5854 446 8871 1057 761 171 Fail 28

0.5952 421 8598 1038 741 176 Fail 29

0.6051 395 8336 1018 723 183 Fail 29

0.6149 370 8085 991 703 190 Fail 29

0.6248 343 7873 963 680 198 Fail 29

0.6347 325 7657 947 648 199 Fail 32

Duration Exceeding Flowrate, hours

Note: Flow durations were brought as close as possible to pre-developed durations by adjusting the active orifice sizes and CMAC 

control parameters. Passing conditions could not be achieved for all flow durations because of the volume of the existing ponds.



0.6445 306 7449 926 627 205 Fail 32

0.6544 291 7221 908 611 210 Fail 33

0.6642 275 7012 894 590 215 Fail 34

0.6741 263 6827 874 574 218 Fail 34

0.6839 245 6640 850 561 229 Fail 34

0.6938 234 6461 820 549 235 Fail 33

0.7036 221 6297 804 525 238 Fail 35

0.7135 209 6129 794 509 244 Fail 36

0.7233 196 5942 772 492 251 Fail 36

0.7332 181 5768 763 480 265 Fail 37

0.743 175 5603 742 463 265 Fail 38

0.7529 168 5464 720 452 269 Fail 37

0.7628 158 5319 711 435 275 Fail 39

0.7726 149 5196 694 423 284 Fail 39

0.7825 141 5058 679 417 296 Fail 39

0.7923 134 4925 670 407 304 Fail 39

0.8022 124 4808 656 395 319 Fail 40

0.812 118 4669 642 383 325 Fail 40

0.8219 109 4541 626 374 343 Fail 40

0.8317 101 4406 616 366 362 Fail 41

0.8416 93 4284 602 360 387 Fail 40

0.8514 86 4175 592 349 406 Fail 41

0.8613 81 4063 584 342 422 Fail 41

0.8712 74 3962 568 334 451 Fail 41

0.881 71 3855 562 329 463 Fail 41

0.8909 66 3744 552 316 479 Fail 43

0.9007 59 3662 543 307 520 Fail 43

0.9106 52 3565 527 303 583 Fail 43

0.9204 50 3467 516 297 594 Fail 42

0.9303 45 3380 505 284 631 Fail 44

0.9401 40 3298 499 276 690 Fail 45

0.95 36 3208 492 268 744 Fail 46

0.9598 31 3123 481 264 852 Fail 45

0.9697 30 3047 478 254 847 Fail 47

0.9795 26 2958 468 247 950 Fail 47

0.9894 24 2878 460 239 996 Fail 48

0.9993 20 2801 456 230 1150 Fail 50

1.0091 20 2729 450 221 1105 Fail 51

1.019 17 2661 446 218 1282 Fail 51

1.0288 15 2597 438 213 1420 Fail 51

1.0387 15 2540 431 209 1393 Fail 52

1.0485 12 2484 427 204 1700 Fail 52

1.0584 10 2426 413 197 1970 Fail 52

1.0682 9 2365 408 196 2178 Fail 52

1.0781 7 2320 405 191 2729 Fail 53

1.0879 6 2265 396 185 3083 Fail 53

1.0978 5 2212 391 184 3680 Fail 53

1.1076 5 2162 379 178 3560 Fail 53

1.1175 5 2108 374 176 3520 Fail 53

1.1274 4 2064 367 172 4300 Fail 53

1.1372 4 2014 358 166 4150 Fail 54

1.1471 3 1978 350 164 5467 Fail 53

1.1569 3 1930 346 161 5367 Fail 53

1.1668 3 1889 339 160 5333 Fail 53



1.1766 2 1838 333 157 7850 Fail 53

1.1865 1 1796 331 151 15100 Fail 54

1.1963 1 1756 326 148 14800 Fail 55

1.2062 0 1714 322 144 N/A Fail 55

1.216 0 1666 315 137 N/A Fail 57

1.2259 0 1634 309 135 N/A Fail 56
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City of Redmond

CMAC Retrofit Pilot Project

Flow Duration Summary 

Taloora Aye Pond

Flow(cfs)

Percentage 

(Mitigated/ 

Predeveloped) Pass/Fail

Percent Reduction 

from Existing 

Conditions 

Predeveloped

Developed 

Unmitigated

Existing 

Conditions

CMAC 

Mitigated

0.232 4385 24904 4005 5681 130 Fail -42

0.241 4038 23986 3765 5329 132 Fail -42

0.250 3730 23032 3551 4990 134 Fail -41

0.259 3455 22179 3367 4682 136 Fail -39

0.269 3214 21337 3179 4412 137 Fail -39

0.278 2955 20530 3009 4137 140 Fail -37

0.287 2723 19825 2892 3893 143 Fail -35

0.296 2527 19098 2785 3665 145 Fail -32

0.305 2348 18439 2671 3442 147 Fail -29

0.314 2184 17800 2581 3238 148 Fail -25

0.323 2043 17189 2487 3074 150 Fail -24

0.332 1893 16605 2397 2897 153 Fail -21

0.342 1768 16054 2324 2737 155 Fail -18

0.351 1644 15502 2250 2584 157 Fail -15

0.360 1539 14991 2178 2463 160 Fail -13

0.369 1442 14509 2090 2333 162 Fail -12

0.378 1360 14015 2014 2204 162 Fail -9

0.387 1273 13502 1942 2100 165 Fail -8

0.396 1202 13030 1878 1997 166 Fail -6

0.406 1129 12583 1800 1905 169 Fail -6

0.415 1056 12175 1747 1809 171 Fail -4

0.424 1003 11798 1692 1739 173 Fail -3

0.433 943 11428 1638 1669 177 Fail -2

0.442 887 11084 1598 1589 179 Fail 1

0.451 835 10734 1548 1519 182 Fail 2

0.460 787 10389 1505 1459 185 Fail 3

0.469 740 10075 1460 1401 189 Fail 4

0.479 697 9781 1407 1352 194 Fail 4

0.488 648 9448 1374 1298 200 Fail 6

0.497 610 9161 1340 1249 205 Fail 7

0.506 577 8904 1308 1200 208 Fail 8

0.515 541 8613 1275 1144 211 Fail 10

0.524 503 8324 1226 1102 219 Fail 10

0.533 477 8066 1192 1072 225 Fail 10

0.542 446 7818 1169 1040 233 Fail 11

0.552 421 7591 1132 1001 238 Fail 12

0.561 395 7373 1102 967 245 Fail 12

0.570 370 7115 1075 918 248 Fail 15

0.579 343 6923 1043 885 258 Fail 15

0.588 325 6725 1024 852 262 Fail 17

Duration Exceeding Flowrate, hours

Note: Flow durations were brought as close as possible to pre-developed durations by adjusting the active orifice sizes and CMAC 

control parameters. Passing conditions could not be achieved for all flow durations because of the volume of the existing ponds.



0.597 306 6529 1005 823 269 Fail 18

0.606 291 6329 983 794 273 Fail 19

0.616 275 6134 960 760 276 Fail 21

0.625 263 5948 936 722 275 Fail 23

0.634 245 5776 904 698 285 Fail 23

0.643 234 5590 881 675 288 Fail 23

0.652 221 5444 855 650 294 Fail 24

0.661 209 5290 831 623 298 Fail 25

0.670 196 5135 797 601 307 Fail 25

0.679 181 5005 774 587 324 Fail 24

0.689 175 4849 757 571 326 Fail 25

0.698 169 4701 734 554 328 Fail 25

0.707 158 4566 713 532 337 Fail 25

0.716 149 4435 698 518 348 Fail 26

0.725 141 4308 679 501 355 Fail 26

0.734 134 4178 664 484 361 Fail 27

0.743 124 4065 652 471 380 Fail 28

0.752 118 3947 638 460 390 Fail 28

0.762 109 3844 623 442 406 Fail 29

0.771 101 3736 611 417 413 Fail 32

0.780 93 3633 597 400 430 Fail 33

0.789 86 3522 580 389 452 Fail 33

0.798 81 3423 565 377 465 Fail 33

0.807 74 3331 550 360 486 Fail 35

0.816 71 3225 540 350 493 Fail 35

0.826 66 3134 526 340 515 Fail 35

0.835 59 3050 514 330 559 Fail 36

0.844 52 2960 507 320 615 Fail 37

0.853 50 2873 497 309 618 Fail 38

0.862 45 2806 487 301 669 Fail 38

0.871 40 2731 478 295 738 Fail 38

0.880 36 2659 470 286 794 Fail 39

0.889 31 2584 464 275 887 Fail 41

0.899 30 2513 455 265 883 Fail 42

0.908 26 2455 447 256 985 Fail 43

0.917 24 2391 440 250 1042 Fail 43

0.926 20 2328 431 241 1205 Fail 44

0.935 20 2275 425 230 1150 Fail 46

0.944 17 2220 415 224 1318 Fail 46

0.953 15 2173 404 220 1467 Fail 46

0.962 15 2116 396 212 1413 Fail 46

0.972 12 2067 391 209 1742 Fail 47

0.981 10 2015 381 202 2020 Fail 47

0.990 9 1972 375 199 2211 Fail 47

0.999 7 1928 369 194 2771 Fail 47

1.008 6 1878 363 191 3183 Fail 47

1.017 5 1828 356 186 3720 Fail 48

1.026 5 1777 350 183 3660 Fail 48

1.036 5 1728 345 182 3640 Fail 47

1.045 4 1682 336 181 4525 Fail 46

1.054 4 1645 330 179 4475 Fail 46

1.063 3 1604 325 174 5800 Fail 46

1.072 3 1570 318 165 5500 Fail 48

1.081 3 1522 306 164 5467 Fail 46



1.090 2 1487 300 162 8100 Fail 46

1.099 1 1453 296 156 15600 Fail 47

1.109 1 1414 287 148 14800 Fail 48

1.118 0 1375 282 146 N/A Fail 48

1.127 0 1335 277 143 N/A Fail 48

1.136 0 1306 276 139 N/A Fail 50
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City of Redmond

CMAC Retrofit Pilot Project

Flow Duration Summary 

Fischer Village Pond 1

Flow(cfs)

Percentage 

(Mitigated/ 

Predeveloped) Pass/Fail

Percent Reduction 

from Existing 

Conditions 

Predeveloped

Developed 

Unmitigated

Existing 

Conditions

CMAC 

Mitigated

0.1032 4386 28181 30056 4093 93 Pass 86

0.1073 4034 27196 27497 3861 96 Pass 86

0.1113 3731 26299 25202 3634 97 Pass 86

0.1154 3454 25403 23018 3436 99 Pass 85

0.1194 3216 24663 21038 3240 101 Pass 85

0.1235 2955 23947 19163 3067 104 Pass 84

0.1276 2722 23266 17362 2894 106 Fail 83

0.1316 2527 22542 15834 2755 109 Fail 83

0.1357 2346 21833 14264 2623 112 Fail 82

0.1398 2177 21132 12903 2500 115 Fail 81

0.1438 2043 20531 11688 2375 116 Fail 80

0.1479 1891 19882 10576 2278 120 Fail 78

0.1519 1768 19315 9584 2167 123 Fail 77

0.156 1644 18767 8671 2079 126 Fail 76

0.1601 1536 18267 7813 1995 130 Fail 74

0.1641 1442 17751 7056 1904 132 Fail 73

0.1682 1360 17245 6321 1809 133 Fail 71

0.1723 1273 16782 5669 1738 137 Fail 69

0.1763 1202 16319 5089 1669 139 Fail 67

0.1804 1129 15887 4567 1579 140 Fail 65

0.1844 1057 15508 4069 1515 143 Fail 63

0.1885 1003 15095 3585 1452 145 Fail 59

0.1926 942 14677 3135 1387 147 Fail 56

0.1966 887 14279 2764 1326 149 Fail 52

0.2007 835 13896 2418 1286 154 Fail 47

0.2047 787 13518 2132 1236 157 Fail 42

0.2088 740 13131 1875 1195 161 Fail 36

0.2129 697 12748 1657 1153 165 Fail 30

0.2169 648 12406 1433 1121 173 Fail 22

0.221 610 12081 1221 1084 178 Fail 11

0.2251 577 11743 1025 1046 181 Fail -2

0.2291 541 11466 776 1001 185 Fail -29

0.2332 503 11174 614 970 193 Fail -58

0.2372 477 10870 584 942 197 Fail -61

0.2413 446 10579 557 923 207 Fail -66

0.2454 421 10299 534 898 213 Fail -68

0.2494 395 10049 515 876 222 Fail -70

0.2535 370 9817 494 852 230 Fail -72

0.2576 343 9560 480 831 242 Fail -73

0.2616 325 9327 470 805 248 Fail -71

Duration Exceeding Flowrate, hours

Note: Flow Parameters were brought as close as possible to pre-developed durations by adjusting the active orifice sizes and 

CMAC control parameters. Passing conditions could not be achieved for all flow durations because of the volume of the existing 

ponds.



0.2657 306 9086 460 770 252 Fail -67

0.2697 291 8848 451 752 258 Fail -67

0.2738 275 8599 444 723 263 Fail -63

0.2779 262 8380 432 704 269 Fail -63

0.2819 245 8200 427 685 280 Fail -60

0.286 234 7986 423 664 284 Fail -57

0.29 221 7794 416 648 293 Fail -56

0.2941 209 7595 411 637 305 Fail -55

0.2982 196 7395 404 618 315 Fail -53

0.3022 181 7205 393 595 329 Fail -51

0.3063 175 7013 381 586 335 Fail -54

0.3104 168 6837 378 569 339 Fail -51

0.3144 158 6686 368 553 350 Fail -50

0.3185 149 6513 360 539 362 Fail -50

0.3225 141 6365 352 529 375 Fail -50

0.3266 134 6221 344 520 388 Fail -51

0.3307 124 6083 340 511 412 Fail -50

0.3347 118 5938 335 500 424 Fail -49

0.3388 109 5757 335 481 441 Fail -44

0.3429 101 5610 331 470 465 Fail -42

0.3469 93 5490 327 457 491 Fail -40

0.351 86 5361 317 444 516 Fail -40

0.355 81 5243 314 426 526 Fail -36

0.3591 74 5131 311 415 561 Fail -33

0.3632 71 5010 308 408 575 Fail -32

0.3672 66 4891 305 393 595 Fail -29

0.3713 59 4785 301 386 654 Fail -28

0.3753 52 4679 300 382 735 Fail -27

0.3794 50 4563 295 377 754 Fail -28

0.3835 45 4447 291 371 824 Fail -27

0.3875 40 4338 284 362 905 Fail -27

0.3916 36 4221 281 354 983 Fail -26

0.3957 31 4125 279 346 1116 Fail -24

0.3997 30 4030 278 334 1113 Fail -20

0.4038 26 3938 275 328 1262 Fail -19

0.4078 24 3832 273 318 1325 Fail -16

0.4119 20 3750 270 312 1560 Fail -16

0.416 20 3669 266 306 1530 Fail -15

0.42 17 3580 266 295 1735 Fail -11

0.4241 15 3493 265 285 1900 Fail -8

0.4282 15 3425 261 281 1873 Fail -8

0.4322 12 3340 257 276 2300 Fail -7

0.4363 10 3261 257 270 2700 Fail -5

0.4403 9 3192 253 262 2911 Fail -4

0.4444 7 3130 250 256 3657 Fail -2

0.4485 6 3057 247 248 4133 Fail 0

0.4525 5 2986 244 243 4860 Fail 0

0.4566 5 2904 243 237 4740 Fail 2

0.4607 5 2834 242 233 4660 Fail 4

0.4647 4 2757 240 228 5700 Fail 5

0.4688 4 2692 239 221 5525 Fail 8

0.4728 3 2634 238 218 7267 Fail 8

0.4769 3 2584 237 213 7100 Fail 10

0.481 3 2535 233 209 6967 Fail 10



0.485 2 2488 230 205 10250 Fail 11

0.4891 1 2433 230 202 20200 Fail 12

0.4931 1 2381 230 194 19400 Fail 16

0.4972 0 2332 224 186 N/A Fail 17

0.5013 0 2293 217 185 N/A Fail 15

0.5053 0 2249 215 179 N/A Fail 17





 

 

APPENDIX B 

Curry East and 
Whistler Ridge Pond 

As-Built Drawings 
  



 

 

 















 

 

APPENDIX C 

Curry East Pond Drainage Report 
  



 

 

 



























































































































































































































































































































































































































































































 

 

APPENDIX D 

Opti Continuous Monitoring and Adaptive Control 
Technical Documentation 

  



 

 

 



356 Boylston St, 2nd Floor 
Boston, MA 02116 

1-844-678-4782 
      ​www.optirtc.com 

Smarter Stormwater Management 
 

Opti provides a cloud-based platform that optimizes the collection, storage and distribution of 
stormwater through the Continuous Monitoring and Adaptive Control (CMAC) of stormwater 
infrastructure. The Opti software platform interacts with IoT (internet of things) enabled field 
equipment including sensors, actuated valves, SCADA systems, and pumps.  A communication 
gateway is provided via cellular or LoRaWan technology.  The combination of field equipment 
and software transforms traditionally passive assets into smarter resilient systems. 
 
Our fully-automated control product leverages weather forecasts to predictively move water in 
advance of inclement weather, helping you get the best performance out of your investments. 
With over 90 parameters, the software application can be configured to meet one or more of 
your stormwater objectives. Opti is here to help you find peace of mind with economic and 
resilient solutions to water quality impairments, conservation, chronic flooding, coastal surge, 
sewer overflows or all of the above. 

 

     OptiRTC, Inc.  
Confidential & Proprietary 

https://optirtc.com/


356 Boylston St, 2nd Floor 
Boston, MA 02116 

1-844-678-4782 
      ​www.optirtc.com 

Combined Sewer Overflow (CSO) Mitigation​: Opti is able to retain up to 90% of wet weather 
flows that cause CSO events. This is done by utilizing upstream storage more efficiently and 
shifting discharge timing. Most facilities within a municipality can be upgraded with Opti for 
significant reduction in wet weather flow, alleviating tens of millions of dollars of Capex 
required for new storage with similar performance. 

Flood Mitigation​: Opti’s forecast integrated control utilizes stormwater storage more 
effectively. Opti automatically lowers the volume of water in a facility before an upcoming 
storm event, proactively adding capacity and mitigating flood risk from large storm events. In 
addition to pre-event drawdown, Opti can increase flood resilience in a watershed by 
controlling the timing of discharge from detention and retention assets to decrease the 
outflows during the peak downstream flooding conditions (i.e. peak shaving).  

Water Quality Improvement​: Opti improves water quality by increasing the average retention 
time in a facility by up to a factor of 10 (depending on site conditions). This increase in 
retention time within a facility enhances water quality by allowing additional particle settling, 
thus removing pollutants adhered to those sediment particles. The additional holding time also 
allows for more evapotranspiration, infiltration into subsurface soils, and nutrient uptake by 
vegetation in the facility. Opti was approved by the Chesapeake Urban Stormwater Work 
Group (USWG) and by the Maryland Department of the Environment (MDE) for pollutant 
removal efficiencies equivalent to the additional retention volumes achieved via active controls.   

Asset Performance Monitoring: ​Communities reduce stormwater maintenance costs and 
improve compliance reporting with Opti’s real-time monitoring and analytics. Opti provides 
alerting, decision support, and actionable insights to stormwater managers so that critical 
failures are stopped before they happen. Opti’s software also integrates with third-party asset 
management and monitoring platforms. 

Erosion Control & Hydromodification​: Opti’s active controls have demonstrated a 50% 
reduction in pulse counts and stream energy.  Opti is able to discharge very low flows over a 
longer period of time, better emulating pre-development conditions of the watershed by using 
the entire storage volume of a system during small events.  This is crucial for areas with erosion 
issues, and where stream habitat is sensitive for fish spawning and benthic organism health. 
Opti is approved by Washington State Technology Assessment Protocol - Ecology, better 
known as the TAPE program. 

Water Conservation​: Opti reduces capital expenditure and improves the cost-effectiveness of 
rainwater harvesting. With Opti, a single storage facility can be optimized for both stormwater 
detention and beneficial on-site use. Opti-controlled rainwater harvesting facilities have been 
approved nationwide to meet stormwater detention and retention requirements.  
 
 

     OptiRTC, Inc.  
Confidential & Proprietary 

https://optirtc.com/


Monticello Watershed Flow-Duration Curve Modeling: 
In the Monticello Watershed in the City of Redmond, WA, two existing stormwater retention ponds are                

currently being retrofitted with actively controlled outlets managed by Opti’s active control software.             

Using the Western Washington Hydrology Model, flow-duration curves were developed for the two sites              

comparing the duration of critical flow rates using continuous rainfall data for a 61 year period (1948 -                  

2009). First, the potential improvement in site performance was estimated using continuous simulation             

of the existing stormwater basins with active controls; then additional model simulations were run to               

determine the equivalent sizing of a passive basin that would be needed to match the performance of                 

the proposed active-control retrofits. ​Preliminary results indicate that the existing ponds would need             

to more than double in size to match the flow duration curves of the proposed active control retrofits. 

Stormwater Retrofit Overview: 
The two stormwater ponds considered in this analysis were the Whistler Ridge and Curry East ponds                

located within the City of Redmond, WA. Both ponds’ contributing drainage areas are characterized by               

residential development with substantial portions of the watershed being directly-connected impervious           

surfaces. The critical range of flows for both sites was defined using a lower limit of 50% the 2 year                    

pre-development flow rate and an upper limit of the 10 year pre-development flow rate, with the                

predeveloped condition defined as a forested watershed. Characteristics of the two stormwater basins             

and their corresponding drainage areas are shown in Table 1. In the proposed retrofits of the sites, the                  

existing low-flow orifices will be replaced with larger butterfly valves that are actively controlled to               

continuously modulate outflows. 

 

Table 1: Site Characteristics for Proposed Retrofit Ponds 
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 Whistler Ridge Pond Curry East Pond 

Active Storage Volume (ac-ft) 2.81 1.67 

Drainage Area (Acres) 16.94 17.03 

Impervious Area (Acres) 9.97 9.13 

Passive Outlet Diameter (in) 1.70 (at 0’ depth) 
5.94 (at 2.99’ depth) 
6.48 (at 3.88’ depth) 

2.94 (at 0’ depth) 
16.2”  (notch at 4’ depth) 

Riser Diameter (in) 24 18 

Proposed Active Valve Diameter (in) 12 10 

Critical Erosive Flow Range - Lower Limit (cfs) 0.249 0.250 

Critical Erosive Flow Range - Upper Limit (cfs) 1.217 1.226 



Methodology and Results: 
Western Washington Hydrology Model (WWHM) simulations were completed for the existing           

conditions, the pre-development condition, and the proposed Opti control scenario at the two ponds to               

demonstrate benefit across the range of critical flows. To simulate Opti’s control scenario, inflows to the                

pond from the WWHM were used as an input to a spreadsheet routing model that simulates Opti’s                 

control logic. For both the Whistler Ridge and Curry East ponds, results showed that the existing                

stormwater assets do not match pre-development flows across the full range of critical flows. By               

retrofitting the ponds with Opti’s active controls, significant improvements were seen across the             

flow-duration curve bringing the expected performance significantly closer to pre-development          

conditions. Sample results from the initial Whistler Ridge Pond analysis can be seen in Figure 1, with                 

results from Curry East Pond in Figure 2.  

 

 

Figure 1: Whistler Ridge Flow-Duration Curve for Critical Flow Range, Existing and Proposed 
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Figure 2: Curry East Flow-Duration Curve for Critical Flow Range, Existing and Proposed 

 

 

To provide an equal comparison, subsequent model runs were completed to determine how much              

additional volume would be required in the existing ponds to match the expected performance of the                

existing ponds retrofitted with Opti active controls. The maximum depth of the ponds were kept               

constant in the passive scenarios (existing conditions with volume increased) while the footprint was              

expanded to increase the total volume in 10% increments. The low-flow orifice was adjusted to optimize                

the system flows while avoiding overflow from the pond in order to more closely match the Opti                 

condition. A summary of the required storage volumes to replicate the performance of an Opti               

controlled system is shown in Table 2. For the purposes of the analysis, critical flows were assumed to                  

range from 50% of the pre-development 2 year peak flow and the 10 year pre-development peak flow. 
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Table 2: Storage Volume Required for Equivalent Flow-Duration Curve Results 

 

Figures 2 and 3 show the flow-duration curves resulting from the analysis. For Whistler Ridge (Figure 3),                 

an increase of 150% of the existing storage volume resulted in a flow-duration curve that exceeded the                 

proposed Opti retrofit at the lower ranges of flows, but overall matched the behavior in the erosive flow                  

range. For Curry East (Figure 4), an increase of 110% of the existing storage volume resulted in a curve                   

that matched the shape and magnitude of the proposed Opti retrofit’s results.  

 

 

Figure 3: Flow-Duration Curve for Whistler Ridge Critical Flow Range - Existing, Opti, and Equivalent 

Passive Design 
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 Existing Volume 
(Used for control 
simulation - ac-ft) 

Required Additional 
Volume to match 

Proposed Opti Retrofit 
(ac-ft) 

Percent Change 

Whistler Ridge Pond 2.81 7.03 +150% 

Curry East Pond 1.67 3.51 +110% 



 

Figure 4: Flow-Duration Curve for Curry East Critical Flow Range- Existing, Opti, and Equivalent Passive 

Design 

 

 

Conclusion 
 

For both of the stormwater basins considered, the flow-duration curve analysis demonstrates the             

potential benefit and cost savings of retrofitting existing passive outlets with actively controlled outlets.              

By utilizing active controls on existing stormwater assets, the need for a greater basin footprint (and the                 

costs associated with land acquisition, civil design and mass grading) is greatly reduced or eliminated.               

This is accomplished while achieving compliance goals and bringing peak flow rates closer to the               

pre-development condition. For the Whistler Ridge and Curry East Ponds, a simple retrofit of an existing                

passive outlet with Opti’s active control equipment combined with Opti’s forecast-based software,            

would be nearly equivalent to doubling the size of the existing ponds to achieve the same result in                  

reduction of critical flows from the facilities.  
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Opti Continuous Monitoring and Adaptive Control 
Functional Equivalency Documentation 

  



 

 

 







 

 

APPENDIX F 

Example Calculations 
  



 

 

 



Example Calculations for Spreadsheet Models to Predict Inflow to the Ponds 

Equation for estimating average pond inflow rate: 

Qinflow = (Qoutflow + Δstorage)/900 

Where: 

Qinflow = estimated average pond inflow rate in cubic feet per second (cfs) over 15-minute 
interval 

Qoutflow = measured pond outflow in cubic feet (cf) over 15-minute interval 

Δstorage = measured change in pond storage in cf over 15-minute interval 

Example #1 

Qoutflow = 100 cf 

Δstorage = 0 cf 

Qinflow = (100 + 0)/900 = 0.11 cfs 

Example #2 

Qoutflow = 100 cf 

Δstorage = 50 cf 

Qinflow = (100 + 50)/900 = 0.16 cfs 

 




	Technical Memorandum: Redmond Paired Watershed Study Pond Retrofit Effectiveness Monitoring Proposal
	Contents
	Appendices
	Tables
	Figures

	Introduction
	Stormwater Detention Pond Retrofit Description
	Effectiveness Monitoring Procedures
	Data Analysis Methods
	Planning Level Cost Estimates
	References
	Appendix A: Redmond Continuous Monitoring and Adaptive Control Pilot Study
	CMAC Pilot Study: Feasibility and Cost/Benefit Analysis
	Overview
	Existing Conditions
	Feasibility
	WWHM and CMAC Modeling
	Cost/Benefit Analysis
	Recommendations
	Appendix A: Planning Level Cost Estimates
	Appendix B: Flow Duration Curves


	Appendix B: Curry East and Whistler Ridge Pond As-Built Drawings
	Curry East As-Built
	Whistler Ridge As-Builts

	Appendix C: Curry East Pond Drainage Report
	City of Redmond: Final Report—Project: Curry P.R.D., PRD02-001
	Contents
	Waived Conditions
	Review Summary
	Storm Water Checklist
	Roth Hill Drainage Calculations
	Roth Hill Conveyance System Calculations
	Appendix A: Approved Storm Drainage Report
	Appendix B: Conditions of Approval Letter
	Appendix C: Geotechnical Report


	Appendix D: Opti Continuous Monitoring and Adaptive Control Technical Documentation
	Opti—Smarter Stormwater Management
	Technical Memorandum: Monticello Watershed Flow-Duration Curve Modeling

	Appendix E: Opti Continuous Monitoring and Adaptive Control Functional Equivalency Documentation
	Washington State Department of Ecology, November 1, 2018: Continuous Monitoring and Adaptive Control (CMAC) Functional Equivalency to Detention Pond Outlet Structures

	Appendix F: Example Calculations
	Example Calculations for Spreadsheet Models to Predict Inflow to the Ponds





