
 

QUALITY ASSURANCE PROJECT PLAN 
 

 
Kitsap County Stormwater Flow 

Monitoring Program 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

July 2013 

 



 

QUALITY ASSURANCE PROJECT PLAN 
 

 
Kitsap County Stormwater Flow 

Monitoring Program 
 

 

 

 

 

Prepared by 

 

Kitsap County Surface and Stormwater Management 

614 Division Street, MS-26A 

Port Orchard, Washington  98366 

 

 

 

 

 

 

 

 

 

 

 

July 2013 

 

 

 



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 1 KCPW/SSWM Monitoring 
 

Signature Page 

QUALITY ASSURANCE PROJECT PLAN 

Kitsap County Stormwater Flow Monitoring Program 

 

July 2013 

 

Approved by: 

 

 

 

______________________________________________________________________________ 

Mauro Heine, Water Resources Coordinator, Kitsap County    Date 

 

 

 

______________________________________________________________________________ 

Mindy Fohn, Water Quality Program Manager, Kitsap County    Date 

 

 

 

______________________________________________________________________________ 

Chris May, Senior Program Manager, Kitsap County    Date 

  



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 2 KCPW/SSWM Monitoring 
 

Distribution List 

Name Affiliation Title Phone Address/E-mail 

Mindy Fohn Kitsap County Water Quality 
Program Manager 

(360) 337-7066 Kitsap County Surface and Stormwater 
    Management 
614 Division Street, MS-26A 
Port Orchard, WA 98366 
mfohn@co.kitsap.wa.us 

Mauro Heine Kitsap County Water Resources 
Coordinator 

(360) 337-7048 Kitsap County Surface and Stormwater  
    Management 
614 Division Street, MS-26A 
Port Orchard, WA 98366 
mheine@co.kitsap.wa.us 

Chris May Kitsap County Program Manager  (360) 337-7295 Kitsap County Surface and Stormwater 
    Management 
614 Division Street, MS-26A 
Port Orchard, WA 98366 
cmay@co.kitsap.wa.us 

Renee Scherdnik Kitsap County Water Resources 
Specialist 

(360) 337-5777 

X3643 

Kitsap County Surface and Stormwater  
    Management 
614 Division Street, MS-26A 
Port Orchard, WA 98366 
rsherdn@co.kitsap.wa.us 

 

  



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 3 KCPW/SSWM Monitoring 
 

Contents 

Signature Page ................................................................................................................................ 1 

Distribution List .............................................................................................................................. 2 

Introduction ..................................................................................................................................... 5 

Background ..................................................................................................................................... 7 

Project Description.......................................................................................................................... 8 

Organization and Schedule ........................................................................................................... 10 

Project Organization and Key Personnel ............................................................................... 10 

Project Budget ....................................................................................................................... 10 
Project Schedule .................................................................................................................... 10 

Quality Objectives ........................................................................................................................ 12 

Precision ................................................................................................................................ 12 

Bias ........................................................................................................................................ 13 
Representativeness ................................................................................................................. 13 

Completeness ......................................................................................................................... 13 
Comparability ........................................................................................................................ 14 

Sampling Process Design .............................................................................................................. 15 

Monitoring Stations ............................................................................................................... 15 

Data Collection ...................................................................................................................... 15 

Data Analysis Overview ........................................................................................................ 16 

Sampling Procedures .................................................................................................................... 17 

Discharge Monitoring ............................................................................................................ 17 

Measurement Procedures .............................................................................................................. 18 

Quality Control ............................................................................................................................. 19 

Measurement Validation Checks ........................................................................................... 19 
Equipment Calibration Checks .............................................................................................. 19 
Equipment Maintenance Checks ........................................................................................... 20 

Data Management Procedures ...................................................................................................... 21 

Audits and Reports ........................................................................................................................ 22 

Data Verification and Validation .................................................................................................. 23 

Data Quality (Usability) Assessment ............................................................................................ 24 

Data Usability Assessment .................................................................................................... 24 
Data Analysis Procedures ...................................................................................................... 24 

Data Pre-processing ..................................................................................................... 24 



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 4 KCPW/SSWM Monitoring 
 

Entire Project Basin...................................................................................................... 25 

References ..................................................................................................................................... 26 

 

Appendix A Monitoring Station Information Table and Detailed Drainage Maps 

Appendix B Equipment Specifications 

Appendix C Sample Field Form 

 

 

 

Figures 

Figure 1. Kitsap County map showing the first four flow monitoring locations. ......................... 9 

 

  



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 5 KCPW/SSWM Monitoring 
 

Introduction 

The monitoring of stormwater flow is an important tool to assess Kitsap County’s expanded use 

of low impact development (LID) techniques for new and retrofit construction projects.  In 2011, 

Kitsap County Surface and Stormwater Management (SSWM) installed stormwater flow 

monitoring stations in two communities, Manchester and Suquamish (Figure 1).  Another two 

stations have been placed in Silverdale in 2013. These two stations will monitor adjacent basins 

(Figure 1) flows from highly developed sections of Silverdale.  LID features, as well as 

traditional effective Best Management Practices (BMPs) will be added to each of these 

communities over the next several years.  The stormwater flow monitoring stations will 

document the stormwater flow reductions in each stormwater system. 

The goal of this Quality Assurance Project Plan (QAPP) is to document procedures used for data 

collection, processing, and analysis to ensure all results obtained from this monitoring program 

are scientifically and legally defensible. It was prepared in accordance with Ecology’s 

Guidelines for Quality Assurance Project Plans (Ecology 2004), and includes the following 

major sections: 

Background – An explanation of why the project is needed. 

Project Description – Project goals and objectives, and the information required 

to meet the objectives. 

Organization and Schedule – Project roles and responsibilities, and the schedule 

for completing the work. 

Quality Objectives – Performance (or acceptance) thresholds for collected data. 

Sampling Process Design – The sampling process design for the study, including 

sample types, monitoring locations, and sampling frequency. 

Sampling Procedures – A detailed description of sampling procedures and 

associated equipment requirements. 

Measurement Procedures –Procedures that will be performed in the field. 

Quality Control – Quality control (QC) requirements for both laboratory and 

field measurements. 

Data Management Procedures – How data will be managed from field or 

laboratory downloading to final use and archiving. 

Audits and Reports – The process that will be followed to ensure this QAPP is 

being implemented correctly and the quality of the data is acceptable. 
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Data Verification and Validation – The data evaluation process, including the 

steps required for verification, validation, and data quality assessment. 

Data Quality (Usability) Assessment – The procedures that will be used to 

determine if collected data are of the right type, quality, and quantity to meet 

project objectives. 
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Background 

Stormwater runoff from impermeable surfaces, such as pavement and rooftops, often contain 

high levels of pollutants such as suspended solids, heavy metals, and petroleum products. Also, 

concentrated runoff from impermeable surfaces can increase erosion in nearby streams. 

Stormwater flow control has traditionally focused on end-of-pipe solutions, where flow is routed 

from impermeable surfaces via curbs, drains, and pipes to a structural best management practice 

(BMP) facility. These facilities (generally a pond, vault, or swale) are designed to attenuate or 

infiltrate flows to decrease discharge rates. 

Recent research (Booth et al. 2002) suggests that traditional BMPs may be less effective at 

mitigating stormwater impacts than previously thought. In addition, numerous studies have 

indicated that Low Impact Development (LID) features that facilitate onsite infiltration offer 

superior runoff reduction in comparison to traditional BMPs (Dietz 2007). By mimicking natural 

hydrological processes, LID reduces both the rate and volume of peak flows. In areas 

characterized by an increase in impermeable surface, this can only be accomplished by 

increasing stormwater infiltration in those adjacent areas that remain permeable. Alternatively, 

practitioners may choose to install permeable alternatives to traditional impermeable surfaces, 

such as pervious pavement. Additionally, runoff water from permeable and impermeable 

surfaces may be directed to onsite, small-scale engineered water retention features called 

bioretention. 

Permeable pavement systems installed on infiltrative soils have been shown to produce 93 

percent less surface runoff relative to traditional impervious pavement systems (Dreelin et al. 

2006). Rain gardens can reduce surface runoff by more than 98 percent (Dietz et al. 2005). 

Results such as these have contributed to an increasing interest in the use of LID features for 

treating stormwater runoff across the United States. 
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Program Description 

This program will track the measured runoff characteristics in selected stormwater basins.  For 

each basin, the following study questions will be answered: 

 What are the compared measured runoff characteristics (i.e., storm event peak flow 

rates and runoff volumes) from the entire project site to modeled conditions for an 

equivalently sized forested area in the same location (i.e., a predevelopment scenario) 

during various storm event conditions? 

 What are the compared measured runoff characteristics (i.e., storm event peak flow 

rates and runoff volumes) from the entire project site to modeled conditions for an 

equivalently sized area comprised entirely of impervious surfaces in the same 

location (i.e., a developed unmitigated scenario) during various storm event 

conditions? 

 What are the compared measured runoff characteristics (i.e., storm event peak flow 

rates and runoff volumes) annually as LID facilities are installed (i.e. a retrofit 

scenario)? 

To meet these objectives, the experimental design for this project requires monitoring of the 

hydrologic conditions of each site as well as computerized modeling. Discharge (runoff flow 

volume) will be continuously monitored over several years.  Additionally the installation of LID 

facilities (whether for new development, re-development or retrofit) in each stormwater basin 

will be tracked by SSWM asset management personnel.  Modeling output required to meet the 

project objectives identified above will be obtained from a continuous simulation hydrologic 

model (e.g., WWHM3 or the current standard practice). 
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 Figure 1. Kitsap County map showing the first four flow monitoring locations. 
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Organization and Schedule 

This section identifies key project participants, project funding sources, and the project schedule 

for implementation. 

Project Organization and Key Personnel 

As described above, this study is being conducted to characterize the stormwater treatment 

benefit(s) of LID features in basins where there will be significant Manchester, Suquamish, and 

Silverdale. The Kitsap County Surface and Storm Water Management (SSWM) Program will 

oversee the program and is responsible for developing and implementing this QAPP. Key 

personnel involved in this effort are identified below: 

Kitsap County Surface and Stormwater Management 

614 Division St., MS-26A 

Port Orchard, Washington 98366 

(360) 337-7066 

Mindy Fohn, Water Quality Program Manager 

Chris May, Senior Program Manager 

Mauro Heine, Water Resources Coordinator 

Renee Scherdnik, Water Resources Specialist 

Randy Davis, Engineering Technician 

 

Project Budget 

Design and construction of the LID features at each project site are being constructed and 

supervised by SSWM.  The County is conducting monitoring that will be performed pursuant to 

this QAPP.  The County will also hire a consultant for data analysis and modeling.  The 

monitoring equipment is funded by the Washington State Department of Ecology Grant 

G1100057. 

Project Schedule 

Monitoring associated with this study began in October 2011 in Manchester and Suquamish.  

Monitoring in Silverdale will begin in early 2013.  Future basins may be added to the project as 

the need or opportunity arises.  Reporting for this project will be organized to evaluate and 

present the results of data collected during a water year. In keeping with this schedule, the 

following project milestones have been identified: 

July 2013—Final quality assurance project plan completed 
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August to September 2011—Monitoring equipment installation in Manchester 

and Suquamish 

October 2011—Start of monitoring in Manchester and Suquamish 

May 2013—Monitoring equipment installation at Silverdale. 

June 2013—Begin monitoring in Silverdale 

December 2013—Draft first Annual Data Summary report  

January 2014—Revised draft Annual Data Summary report 

February 2014—Final Annual Data Summary report 

  



Quality Assurance Project Plan--Stormwater Flow Monitoring Program 

qapp_kitsap county stormwater flow monitoring qapp.docx 

July 2013 12 KCPW/SSWM Monitoring 
 

Quality Objectives 

The primary goal of this QAPP is to ensure that the data collected for this study are scientifically 

and legally defensible. To meet this goal, the collected data will be evaluated based on the 

following data quality indicators: 

Precision: A measure of the variability in the results of replicate measurements 

due to random error 

Bias: The systematic or persistent distortion of a measurement process that causes 

errors in one direction (i.e., the measured mean is different from the true value) 

Representativeness: The degree to which the data accurately describe the 

conditions being evaluated based on the selected sampling locations, sampling 

frequency and duration, and sampling methods 

Completeness: The amount of data obtained from the measurement system 

Comparability: The ability to compare data from the current project to data from 

other similar projects, regulatory requirements, and historical data 

Measurement quality objectives (MQOs) are performance or acceptance criteria that are 

established for each of these data quality indicators. Monitoring for this project will involve 

water level and flow velocity measurements using an area velocity sensor in a stormwater pipe. 

The MQOs for these data are defined in subsections below. If the MQOs are not met, the data 

will be either flagged as an estimate (J) or rejected (R) (see Data Verification and Validation 

section). 

Precision 

The precision of each area velocity sensors’ pressure transducer used in this study will be 

assessed after it is deployed. Precision will be assessed by calculating the coefficient of variation 

of 5 minute level readings during stable flow conditions having approximately two inches of 

flow (level) or more.  The following equation will be used: 

 

Where: = Coefficient of variation 

= Standard deviation 

= Average level reading 

For each group of data the MQO will be a  of no more that 5 percent. 
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Bias 

Bias associated with each pressure transducer will be assessed both in the laboratory before 

deployment and the field. In the laboratory, the sensor will be placed in a tub of water with at 

least 3 inches of water.   The resultant level reading will be compared with the “true” measured 

values and the instrument will be set to this reading. 

In the field, bias in the level readings will be assessed based on comparisons of monitoring 

equipment readings to an independently measured “true” value. In this case the true value will be 

derived from a manual measurement of water level at each monitoring location. If the monitoring 

equipment is not affected by drift or other operational problems, the difference between the 

equipment’s reading and the manual measurement of water level (“instrument drift”) should 

remain at zero over time and varying water depths. In reality the instruments will drift and 

equipment readings and manual readings will diverge. Therefore, bias in these data will be 

assessed based on the change in the instrument drift value relative to all previous measurements. 

Specifically, a change in the instrument drift value of plus or minus 2 standard deviations relative 

to the mean from all previous measurements will trigger an assessment of the monitoring 

equipment to determine proper functioning. 

Bias in flow measurements may also result from manufacturing defects or installation 

discrepancies in the structures. Bias will be assessed by taking independent flow measurements 

during three separate storm events and three base flow periods. The MQO for level 

measurements will be a difference of no more than 20 percent between the instrument reading 

and an independently measured level values. Details on how these independent flow 

measurements will be performed are presented in the Field Quality Control Procedures section. 

Representativeness 

The representativeness of the hydrologic data for the flow monitoring will be ensured by the 

proper installation of the monitoring equipment.  Additionally, monitoring will be conducted for 

at least 3 water years in order to capture a range of flow conditions. 

Completeness 

Completeness will be assessed on the basis of the occurrence of gaps in the data record for all 

monitoring equipment. The associated MQO is less than 5 percent of the total data record 

missing due to equipment malfunction or other operational problems. Completeness will be 

ensured through routine maintenance of all monitoring equipment and the immediate (within 72 

hours) implementation of corrective actions if problems arise. 
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Comparability 

Although there is no numeric MQO for this data quality indicator, standard monitoring 

procedures, units of measurement, and reporting conventions will be applied in this study to meet 

the quality indicator of data comparability. 
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Sampling Process Design 

The experimental design for this project entails continuous monitoring of runoff volumes from 

stormwater systems in various communities of unincorporated Kitsap County. 

The following subsection identify the initial monitoring stations that have been established to 

facilitate this monitoring, the data collection procedures that will be used in association with 

these stations, and the steps that will be followed in the analysis of the collected data.  Future 

monitoring stations will be added via new updates and appendixes to this document. 

Monitoring Stations 

To facilitate the monitoring described above, a total of four stations monitoring four basins will 

be established in connection with this project. The name and purpose of each station is presented 

in Appendix A with a short description of its location and associated monitoring equipment.  

Appendix A also includes four SSWM funded Kitsap County Public Utility (KPUD) rain gauge 

stations located near the flow monitoring stations.  The specific location of each flow monitoring 

station and associated rain gauge station is shown in Figure 1 and Appendix A. 

Data Collection 

Data loggers will be installed at each location to facilitate the continuous collection of data from 

the stations identified in Appendix A. The data loggers will be programmed to record data every 

5 minutes over the duration of a 1-year monitoring period extending from October 1 through 

September 30. The data loggers will be equipped with modem telecommunication hardware to 

allow remote access to the monitoring data. Power for the data loggers will be maintained using 

batteries, solar panel or an established 120-volt alternating current source. 

Data from each monitoring station will be uploaded on a weekly basis to Flowlink LE.  Flowlink 

LE will be located on a computer located in Kitsap County Public Works (KCPW) Annex Water 

Quality Laboratory. On a routine basis, the uploaded data will be transferred to the County’s 

internal network and post-processed with Flowlink 5.  Post-processing will include graphs and 

data summaries. 
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Data Analysis Overview 

The continuous monitoring data that is collected from the stations identified in Appendix A will 

be used to evaluate the effectiveness of the LID features on the project sites at moderating the 

flow volumes and peak discharge rates. To perform this evaluation, the data from each individual 

monitoring station will be assessed to identify individual storm “events” based on measured 

rainfall amounts and defined limits for pre- and post-storm antecedent dry periods. Once these 

events are defined, summary statistics for each event (e.g., peak discharge, storm volume, 

rainfall total, flow duration, etc.) from the continuous monitoring data. Using these data, the 

following analyses will be performed: 

Overall subbasin performance will be evaluated by comparing measured runoff 

characteristics (i.e.; storm event peak flow rates and runoff volumes) to modeled 

hydrographs for a predevelopment scenario, developed unmitigated scenario, and 

LID retrofit scenario. 
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 Sampling Procedures 

This section identifies the field sampling procedures that will be used to obtain the data 

described in the previous section 

Discharge Monitoring 

As described in the Sampling Process Design section, discharge will be continuously measured 

initially at four basins: Manchester, Suquamish and Silverdale (2 basins). Appendix A provides a 

description of the purpose of each station (and updated with any future stations), the equipment 

that will be installed to facilitate the discharge monitoring and the rain gauge location associated 

with each flow monitoring site.  
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Measurement Procedures 

Discharge monitoring for this project will use an Isco area velocity sensor and data logger.  The 

probe sensor uses Doppler technology to directly measure average velocity in the stormwater 

pipe and an integral pressure transducer to measure stormwater depth in the flow stream.  The 

data logger calculates flow rate by multiplying the area of the flow stream by its average velocity 

(Walkowiak 2008). 

Rainfall monitoring data used in this project will be supplied by Kitsap Public Utility District 

(KPUD).  In some cases a Kitsap County facility will host the rain gauge and provide internet 

connectivity to KPUD's data management system.  KPUD rain gauges include Stevens tipping 

bucket gauges and Stevens data loggers or equivalent.  KPUD rain gauges are calibrated and 

maintained according to KPUD protocols.  The rain gauge data can be viewed and downloaded 

from the following KPUD web site:  http://kpudhydrodata.kpud.org/APSFED_RAIN.aspx. 

 

 

  

http://kpudhydrodata.kpud.org/APSFED_RAIN.aspx
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Quality Control 

The quality control procedures for this project will involve the following activities to ensure that 

data collected for this project are of a known and acceptable quality: 

 Measurement validation checks 

 Equipment calibration checks 

 Equipment maintenance checks 

 

The specific procedures that will be used during these activities are described in the following 

subsections. 

Measurement Validation Checks 

Measurement validations checks will be performed during a minimum of four site visits.  The 

visits will be distributed across each 1-year monitoring period (October 1-September 30). Each 

check will be performed during storm events as well as base flows and be targeted to capture a 

range of storm event sizes to obtain validation measurements at different flow rates. During these 

checks, the discharge rate at each station will be manually measured and compared to the 

calculated discharge rate from the continuous monitoring equipment. 

Discharge will be measured at these sites by one of two methods: 

1. By catching water flowing over the lip of the pipe in a 5 gallon bucket. The 

time to fill the bucket to the 5 gallon mark will be measured with a stopwatch, 

and will be used to calculate the discharge rate in gallons per minute. This 

procedure will be conducted three times in succession and the average of the 

three times will be assumed to be the “true” discharge rate. 

2. If there is insufficient room or flows are too high to capture the flow in a 

bucket then discharge will be calculated using a handheld velocity meter 

(Hach FH950, Swoffer or the like) and measured depth of flow in the pipe. 

Note: A confined space entry may be necessary to access the location where discharge validation 

measurements will be conducted. In this case personnel who have received proper safety training 

in confined space entries will conduct the procedures. 

Equipment Calibration Checks 

A minimum of two site visits annually will be performed to check the calibration of the level 

measurement at each monitoring station. These checks will occur every other month during 

periods of dry weather.  Calibration checks will be performed during a minimum of three site 
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visits during storm events.  As with measurement validation checks calibration checks will be 

targeted to capture a range of storm event sizes. 

Note: A confined space entry may be necessary to access the location where calibration checks 

will be conducted. In this case personnel who have received proper safety training in confined 

space entries will conduct the procedures. 

Kitsap Public Utility District (KPUD) maintains the rain gauges associated with each flow 

instrument.  The rain gauge is a robust instrument that will only require annual Maintenance.  

During these maintenance checks, the screen will be cleaned of any debris that has accumulated 

and the level of the instrument will also be checked. The calibration of the instrument will be 

verified by metering water into the rain gauge with a pipette until the tipping bucket mechanism 

triggers. This will be repeatedly conducted and adjustments on the rain gauge will be made until 

an equivalent volume of water triggers the tipping mechanism in either direction. Each bucket tip 

is calculated as equivalent to 0.01 inches of rain, consequently the volume of water that should 

initiate a bucket tip equals 0.01 inches multiplied by the area (in square inches) of the top of the 

rain gauge. This is the target volume that will be used when rain gauges are calibrated. 

Equipment Maintenance Checks 

In addition to the routine equipment validation and calibration measurements, the following 

equipment maintenance inspections will be carried out during all field visits: 

Check battery voltage and associated power connections weekly 

Inspect desiccant in data loggers enclosures monthly 

Remove any debris that may interfere with the sensor operation monthly 

Verify data logger time and proper functioning weekly 

Results from these inspections will be documented in the field notebooks and transcribed to a 

Field Visit Log Sheet (see example in Appendix C) in the office. 
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Data Management Procedures 

Data from the data loggers at each monitoring station in Appendix A will be remotely transferred 

to the Public Works Annex monitoring field computer.  Data will be uploaded weekly via 

cellular modem to the Flowlink 5 program and then transferred for backed up to the County’s 

network drive. The County will be able to access and manipulate the raw data from the network 

drive.  These data will be routinely (monthly) checked for evidence of an equipment malfunction 

or other operational problem. To the extent possible, gaps in flow data will be interpolated and 

the data will be stored and presented in a manner that that identifies the data that are from direct 

equipment measurements, and the data that are interpolated. 
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Audits and Reports 

Audits will be performed to detect potential deficiencies in the hydrologic data collected for this 

project. Audits for hydrologic data will occur following at least one storm event per month or 

once every two months if there are no storm in the month. In connection with these audits, the 

data collected from each monitoring station over the sampled storm events will be examined in 

relation to data from prior storms and data from the rain gauge station to identify potential data 

quality issues. This audit will specifically include an examination of the data record for gaps, 

anomalies, or inconsistencies between the discharge and water level data from previous 

monitoring events. Any data generated from calibration checks that were performed at a 

particular monitoring station will also be entered into control charts and reviewed to detect 

potential instrument drift or other operational problems. 

If QA issues are identified on the basis of these audits, measures will be taken to troubleshoot the 

problem(s) and to implement corrective actions if possible. Further, if bias in the hydrologic 

record is detected, the data will be corrected to the extent possible based on the calibrations 

measurements from the associated station. All corrective actions or adjustments to the data will 

be documented in the database. 

Reporting for this project will involve preparation of annual data summaries and periodically 

major reports.  Major project reports will be produced with assistance from a consulting firm and 

will be performed after a significant amount of conversion of impervious surfaces to pervious 

surfaces is accomplished.  Analysis for effectiveness of conversion of impervious to pervious 

surfaces may include:  1) scenario comparisons (predevelopment, developed unmitigated, and 

LID retrofit), and 2) alterations in the hydrology of the basin.  The annual data summaries will 

consist of graphical and tabular representations of the compiled monitoring data.  These reports 

will be reviewed by SSWM managers.  The project reports will present and summarize all 

hydrologic data that were collected during this study. These reports will begin by identifying the 

specific goals of the monitoring program and then describe the monitoring procedures that were 

implemented to achieve those goals. It will then present and evaluate the compiled monitoring 

data using supporting graphical and/or tabular representations of the data as necessary. Results 

from any statistical analyses that were performed on these data will also be presented and 

discussed in detail. Finally, major conclusions from the monitoring program will be presented at 

longer intervals than the annual data summary reports.  These major reports will involve 

modeling performed by a consulting firm.  Appendices to the report will include tabular 

compilations of all raw monitoring data, field data sheets, and a data validation memorandum. 

All reports will be submitted to SSWM managers for review, comment, and approval. 
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Data Verification and Validation 

Data collected for this project will be verified and validated before it is analyzed. The 

verification and validation process will include the following steps: 

1. Precipitation data (collected by KPUD) for the study will be reviewed to identify 

any significant gaps. If possible, these gaps will be filled using data obtained from 

a nearby rain gauge. 

2. The available discharge and water level data will be verified based on 

comparisons of the associated hydrographs to the hyetographs for individual 

storm events. Gross anomalies (e.g., data spikes), gaps, or inconsistencies that are 

identified through this review will be investigated to determine if there are quality 

assurance issues associated with the data that limit their usability. 

3. Validation and calibration data collected during routine site visits will be 

reviewed to determine whether the specific MQOs specified in the Quality 

Objectives section have been met.  

4. If minor quality assurance issues are identified in any portion of the discharge 

record or in the water level data from a particular station and storm event, the data 

from that station and event will be considered as an estimate and assigned a (j) 

qualifier. If major quality assurance issues are identified in any portion of the data 

from a particular station and /or storm event, the data from that station and event 

will be rejected and assigned an (r) qualifier. Estimated values will be used for 

evaluation purposes while rejected values will not. 
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Data Quality (Usability) Assessment 

Procedures that will be used to assess the usability of the data and then analyze the data are 

presented in the following subsections. 

Data Usability Assessment 

Based on the results of the data verification and validation process described in the previous 

section, a data quality assessment will be included in the annual summary reports  to summarize 

quality control results, identify when data quality objectives were not met, and discuss the 

resulting limitations, if any, on the use or interpretation of the data. The specific quality 

assurance information that will be noted in the data quality assessment report includes: 

 Changes in and deviations from the monitoring and quality assurance plan 

 Results of performance and/or system audits 

 Significant quality assurance problems and recommended solutions 

 Data quality assessment results in terms of precision, bias, 

representativeness, completeness, comparability, and reporting limits 

 Discussion of whether the quality assurance objectives were met, and the 

resulting impact on decision-making 

 Limitations on use of the measurement data 

Data Analysis Procedures 

The sections below present data analysis procedures.  They will be used to evaluate the 

effectiveness of the LID features on the project basins at reducing flow volumes and peak 

discharge rates. Data pre-processing procedures for this analysis are described in the subsection 

below. Subsequent subsections then present the specific data analyses procedures that will be 

used to evaluate the performance of all LID features as a whole for the entire project site. 

Data Pre-processing 

The continuous monitoring data that is collected from the stations identified in Appendix A will 

be analyzed to evaluate the effectiveness of the LID features in the basin at reducing flow 

volumes and peak discharge rates. To perform this analysis, the data from each individual 

monitoring station will be processed using a computer algorithm to identify individual storm 

“events” based on measured rainfall amounts and user-defined limits for pre- and post-storm 

antecedent dry periods. Once these events are defined, the algorithm will automatically calculate 
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summary statistics for each event (e.g., peak discharge, storm volume, rainfall total, flow 

duration, etc.) from the continuous monitoring data. These data will then be used in the analyses 

described in the subsections below. 

Entire Project Basin 

Overall basin performance will be evaluated by comparing storm event characteristics (runoff 

volumes and peak discharge rates) measured for the entire basin to those from modeled 

hydrographs for a predevelopment scenario and developed unmitigated scenario on the same 

basin. The precipitation data gathered during the course of the study by KPUD will be formatted 

and imported into the model. Evaporation data for the study period will be estimated using 

Puyallup gage evaporation data or a closer dataset if available, adjusted for the project location. 

For the predevelopment scenario, a forested land cover will be assumed for the modeling. For the 

developed unmitigated scenario, the existing mix of impervious and landscaped areas will be 

modeled, excluding all LID measures. Again, separate model runs will be performed assuming 

till and saturated soil conditions, respectively, to provide a range of hydrographs for each 

scenario to quantify potential error in the analysis. 
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Appendix A 

Monitoring Stations  

 

Station Name Drainage Basin Area Station Purpose Station Description KPUD Rain Gauge Site 

Manchester: 

Approximately 72 Acres 

(Note: project area may 
change when final storm 
system design is complete) 

This station will be used to 
continuously monitor the combined 
flow volume of all sources discharging 
into the Main Street storm system. 

Isco 4250 with standard area 
velocity sensor and rain 
gauge 

Kitsap County South Road 

Shed 

Suquamish: 

Approximately 86 Acres 

(Note: project area may 
change when final storm 
system design is complete) 

This station will be used to 
continuously monitor the flow volume 
of runoff from Division Avenue. 

Isco 4250 with low profile 
area velocity sensor 

Suquamish Village 

Silverdale: Basin A 

Poplars-0001 

Approximately 106 Acres This station will collect continuous 
flow from the area between Kitsap 
Mall Blvd NW and NW Randall Way. 

Isco 2150’s with area 
velocity sensor 

Silverdale Sheriff’s Office 

Silverdale: Basin B 

Mall-0002 

Approximately 79 Acres This station will collect continuous 
flow from the area between Kitsap 
Mall Blvd NW and Silverdale Way 
NW 

Isco 2150’s with area 
velocity sensor 

Silverdale Sheriff’s Office 
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Appendix B 

 

Equipment Specifications 
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Appendix C 

 

Field Visit Log Sheet 
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Stormwater Flow 

Field Visit Log 

         

Date & 
Time 

Field 
Staff 

Station 
Name Weather 

Meter Check -         
Time, Program, 

Power 

Level Check-          
Meter vs. 
Measured 

Desiccant 
Check/Change 

Rain Gauge 
Obstructed? 

Notes - Station 
Condition 

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

 


