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Introduction 

NPDES Phase I permits issued to municipalities with a population greater than 100,000, require 
stormwater monitoring, targeted stormwater management program effectiveness monitoring, and 
stormwater treatment and hydrologic best management practices evaluation monitoring. To 
fulfill the hydrologic best management practice monitoring requirement, Pierce County will 
monitor the flow reduction capabilities of specific Low Impact Development (LID) features 
installed in the parking lot of the Sprinker Recreation Center in Tacoma, Washington. These 
features were installed under an Ecology Stormwater Implementation Grant, and this monitoring 
will also meet the requirements of the grant agreement. 

This document is the Quality Assurance Project Plan (QAPP) for monitoring at the project site, 
and was jointly prepared by Pierce County (County) and Herrera (Herrera). The goal of this 
QAPP is to document procedures used for data collection, processing, and analysis to ensure that 
project monitoring results 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: 

 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 – Laboratory procedures that will be 
performed on collected samples. 

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

 Data Management Procedures – How data will be managed from field 
or laboratory recording to final use and archiving. 
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 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. 

 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 

Low Impact Development 

Stormwater runoff from impermeable surfaces (e.g., pavement and rooftops) often contains 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 via curbs, drains, and pipes to a structural best management practice (BMP) facility. 
These facilities (typically 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 indicate 
that Low Impact Development (LID) features that facilitate onsite infiltration offer superior 
runoff reduction when compared to traditional BMPs (Dietz 2007). By mimicking natural 
hydrological processes, LID reduces both the rate and volume of peak flows. In areas 
characterized by larger quantities of impermeable surface, this can be accomplished by: 
increasing stormwater infiltration in those adjacent areas that remain permeable, or by installing 
permeable alternatives to traditional impermeable surfaces, or by directing runoff to onsite, 
small-scale water retention features, e.g., rain gardens. 

Permeable pavement systems have been shown to produce 93 percent less surface runoff than 
traditional impermeable 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. 

NPDES Monitoring Requirements 

The Washington State Department of Ecology (Ecology) issued the current NPDES and Phase I 
Permit on January 17, 2007. The Phase I Permit applies to all entities in Washington State that 
are required to have stormwater permit coverage under U.S. Environmental Protection Agency 
(EPA) stormwater regulations. This includes unincorporated portions of counties whose 
populations exceed 100,000 in the 1990 census, specifically Pierce County. 

Ecology requires each permittee to conduct a comprehensive long-term stormwater monitoring 
program in order to provide a basis for implementation of future stormwater runoff reduction 
strategies. Under Section S8.F.7 of the Permit, the County is required to monitor the 
effectiveness of one flow reduction strategy addressing the following criteria: 
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 Monitor the effectiveness of one flow reduction strategy that is in use or 
planned for installation within the County. 

 Monitoring of a flow reduction strategy shall include continuous rainfall 
and surface runoff monitoring. 

 Flow reduction strategies shall be monitored through either a paired site 
study or against a predicted outcome. 

To fulfill the requirements specified by Section S8.F.7, County will monitor the flow reduction 
capability of LID features installed at the Sprinker Recreation Center in Tacoma Washington. 
The experimental design relies upon comparison to a predicted (modeled) outcome. A detailed 
description of the site features that will be monitored and the project goals is contained in the 
following section. 
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Project Description 

In fiscal year 2007, the County received funding through Ecology’s Stormwater Implementation 
Grant Program to retrofit the parking facility of the Sprinker Recreation Center with permeable 
pavement and rain garden features. The retrofits were constructed in 2008. The site is located in 
Tacoma, Washington and is bounded by Military Road South, C Street South and 14th Street 
South (Figure 1). 

The retrofit of the parking facility incorporated approximately 2.32 acres of permeable surface 
(a combination of permeable concrete and permeable asphalt) into the existing 7.27-acre parking 
facility, and added three rain gardens. The majority of rainfall intercepted by the parking facility 
is routed via surface flow either to the permeable sections or one of three rain gardens (Figure 2) 
where the water will infiltrate. The monitoring associated with this project involves evaluating 
the performance of some of the installed LID features, as described below. 

As stipulated under Section S8.F.7 of the NPDES Phase I permit, and by Ecology’s LID grant 
program, the flow reduction capability of at least one of the installed LID features at the site will be 
monitored. The County contracted with Herrera to design a monitoring program and prepare this 
QAPP. The objectives of this QAPP are as follows: 

 Compare storm event peak flow rates and runoff volumes from a drainage 
area containing both permeable and impermeable surfaces, to modeled flow 
rates and runoff volumes to an equivalent area of entirely impermeable 
(asphalt) surface, and an entirely forested condition. The modeled data for 
the entirely impervious scenario will be used to evaluate whether this LID 
feature met the performance standard treatment (i.e., infiltrating 91 percent 
of the average annual runoff during the monitoring period) (Ecology 2008). 

 Measure duration and frequency of bypass (overflow) from a rain garden 
that receives runoff from a portion of the impermeable asphalt to compare 
the performance of the rain garden to a “no-runoff” standard, and to verify 
that rain garden bypass does not significantly contribute to total site runoff 
volume. 

To meet these objectives, the experimental design for this project requires monitoring of the 
hydrologic conditions of several features at the site and computerized modeling. Discharge via 
a perforated underdrain pipe (Figure 2) that contributes to total site runoff will be continuously 
monitored from a section of permeable pavement that receives runoff from adjacent impermeable 
surfaces. A pressure transducer will be installed in a stilling well adjacent to the bypass of one of 
the primary rain gardens to record the frequency and duration of time periods when the garden’s 
capacity has been exceeded. Modeling output required to meet the project objectives identified 
above will be obtained from a continuous simulation hydrologic model (e.g., WWHM3). 
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Organization and Schedule 

Project Organization and Key Personnel 

As described above, this study is being conducted to characterize the stormwater treatment 
benefit(s) of LID features at the Sprinker Recreation Center Site. Pierce County Public Works 
and Surface Water Management will oversee the project. Key personnel involved in this effort 
are: 

Pierce County Public Works and Utilities Surface Water Management 
2702 S. 42nd Street 
Tacoma, Washington 98409-7233 
(253) 798-2725 

Dan Wrye, Program Manager 
John Collins Project Manager 
Windy Kruse, Monitoring Lead 
Rod Gratzer, Quality Control Coordinator 

Washington State Department of Ecology 
300 Desmond Drive SE 
Lacey, Washington 98503 
(360) 407-6000 

Vince McGowan, Regional Contact 

Table 1 (below) identifies the specific roles of Pierce County personnel involved with this 
project. 

Table 1. Pierce County personnel responsibilities. 

Staff Name Role Assigned Responsibilities 
Dan Wrye Program Manager  Final approval of QAPP 

 Project oversight 
John Collins Project Manager  Monitor and assess quality of work 

 Ensure compliance with corrective action requirements 
 Supervise monitoring and equipment maintenance activities 

Windy Kruse Monitoring Lead  Equipment maintenance and calibration 
 Data download/upload 
 Data entry and preliminary QA audits 

Carla Vincent Quality Control 
Coordinator 

 Perform QA audits on data collected 
 Identify and initiate corrective action 
 Data analysis 
 Report writing 
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Project Budget 

Design and construction of the LID features on the SRC project site are being funded in part 
through a grant from Ecology’s Stormwater Implementation Grant Program. The total grant 
award from Ecology is $637,500 for these costs, with the County providing $213,000 in 
matching funds. The County is also providing additional in-kind resources to fund some 
elements of the project, including the monitoring that will be performed pursuant to this QAPP. 

Project Schedule 

Initial characterization monitoring associated with this study began in October 2010 before this 
QAPP was approved and therefore it was not carried out utilizing all of the equipment and 
methodology set out in this QAPP. The equipment and sampling that will be initiated in February 
2011 will follow the details laid out in this QAPP. Monitoring to meet this QAPP began 
February 14, 2011 and will continue until December 31, 2012. The final report will be organized 
to evaluate and present the results of data collected during this monitoring period. In keeping 
with this schedule, project milestones have been identified in Table 2. 

Table 2. Project schedule and milestones. 

Activity 
Anticipated Date 

of Initiation 
Anticipated Date of 

Completion Deliverable 
Deliverable Due 

Date 

Calendar Year 2011 

QAPP development December, 2010 January 2011 Draft QAPP submitted to 
Ecology 

January 17, 2011 

QAPP approval January, 2011 February 2011 QAPP approved by Ecology February 15, 2011 
Equipment installation February, 2011 February 14, 2011 Equipment installed 

according to QAPP 
NA 

Monitoring February 14, 2011 Ongoing through 
December 31, 2012 

Continuous precipitation, 
flow, and water level data 

NA 

Calendar Year 2012 

Annual reporting January, 2012 March 31, 2012 Annual report and quality 
assurance memorandum 
submitted to Ecology 

March 31, 2012 

Calendar Year 2013 

Project final report January, 2013 March 31, 2013 Final report and quality 
assurance memorandum 
submitted to Ecology 

March 31, 2013 
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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 measurements using a pressure transducer in a control structure (weir) and stilling 
well. 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 the pressure transducers used in this study will be assessed before they are 
deployed and after the project is completed. Precision will be assessed by submerging the gauges 
in a 2-liter graduated cylinder covered with foil. The gauge reading will be recorded on a 
5-minute time step for 4 hours at approximately 25 degrees Celsius, and for 4 hours at 
approximately 5 degrees Celsius. The resultant data will be grouped by temperature and the 
coefficient of variation will be calculated for each group using the following equation: 
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�� �
�

�
� 100% 

Where: ��= Coefficient of variation 
�  = Standard deviation 
�  = Average gauge reading 

The ��  will be calculated for the data collected at 25 degrees Celsius and the data collected at 
5 degrees Celsius. For each group of data, the MQO will be a ��  of no more that 5 percent. 

Rain gauge precision will be estimated by repeatedly releasing a known volume of water into the 
tipping bucket mechanism and recording the volume required to tip the bucket mechanism. This 
process will be repeated 10 times and the resultant Cv will be calculated using the above 
equation. The MQO for rain gauge precision will be 5 percent. 

Because control structures are rigid devices that do not vary under repeated measurement, the 
data quality indicator of precision does not apply to these devices. However, due to the potential 
for irregular construction of the device, control structures are subject to bias, which is addressed 
below. 

Bias   

Bias associated with the pressure transducers will be assessed both in the laboratory before 
deployment and in the field. In the laboratory, gauges will be placed in a 2-liter graduated 
cylinder. The cylinder will be filled with water to three different known depths and the resultant 
level gauge readings will be compared with the “true” measured values. This process will be 
repeated three times. The MQO for level measurements will be a difference of no more than 
10 percent between the instrument readings and independently measured level values. 

In the field, bias in the level gauges 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 with 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 control structures. Bias will be assessed by taking independent flow 
measurements during six separate storm events. The MQO for level measurements will be a 
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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 carried out 
are presented in the Field Quality Control Procedures section. 

Bias in precipitation depth data collected through this study will be assessed based on a 
comparison of the rain gauge’s actual readings to its theoretical accuracy as specified by the 
manufacturer. The rain gauge’s actual readings will be determined by measuring the volume 
of water required to initiate one tip of the tipping bucket mechanism by adding incremental 
drops of water with a pipette. The resultant value will then be compared to the manufacturer’s 
specifications for this volume. The MQO for precipitation depth will be a difference of no more 
than 5 percent between the rain gauge’s actual reading and the volume specified by the 
manufacturer. 

Representativeness 

The representativeness of the hydrologic data for the flow monitoring will be ensured by the 
proper installation of the monitoring equipment, including primary and secondary devices. 
Additionally, monitoring will be conducted for at least 2 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 implementation of 
corrective actions within 24 hours, if problems arise. 

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. 





Quality Assurance Project Plan—Stormwater Flow Reduction Strategy Monitoring 

lt   /08-04032-003 pierce cty qapp - sw flow reduction strategy monitoring.doc 

April 14, 2011 15 Herrera Environmental Consultants 
  Pierce County Public Works & Utilities 

Sampling Process Design 

The experimental design for this project entails continuous monitoring of runoff volume from 
two non-contiguous sections of permeable cement or permeable asphalt that receive runoff 
water from approximately 3.57 acres of impermeable surface. The water level in a rain garden, 
which receives runoff not intercepted and infiltrated by the permeable pavement, will also be 
continuously monitored to determine frequency and duration of overflow. The following 
subsections identify the specific monitoring stations that will be 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. 

Drainage Area Description 

Four drainage areas have been delineated in Figure 2 to help clarify the hydrology of the site. 
Areas A, B, and C (total 5.74 acres) are within the area that contributes runoff to the monitoring 
stations (Figure 2). Area D does not contribute flow to the monitoring stations due to the grade of 
the site. Although they represent part of the LID features of the site, they are not included in the 
study and therefore will not be discussed further. A set of engineering drawings is attached as 
Appendix C and provides additional construction details pertaining to the LID installations that 
are illustrated schematically in Figure 2. 

Area A spans approximately 2.32 acres and is comprised of discrete sections of permeable 
concrete and permeable asphalt. Although the two materials have different engineering and 
infiltration characteristics, the purpose of this study is to monitor the combined flow reduction 
performance of both surface types. Therefore, no further distinction will be made between the 
two materials, and they will be referred to herein as permeable surface. 

The two non-contiguous sections of Area A each receive water as sheet flow from the adjacent 
impermeable surfaces delineated as Area B (3.20 acres) in Figure 2, as well as rainfall that falls 
directly on the permeable surfaces. The permeable surfaces of Area A are constructed on a gravel 
and sand base placed directly on top the native Spanaway Outwash soil (Appendix C). Due to 
the moderately rapid permeability of the soil (NRCS 2010), no formal underdrain system was 
constructed. However, an existing perforated pipe (Figure 2 and Appendix C), hydrologically 
connects the two permeable surfaces, and may intercept some of the infiltrated water and 
transport it to Catch Basin 1, which is located in Rain Garden 1. 

A small portion (approximately 0.23 acres) of the impermeable surface (Area C) discharges into 
Rain Garden 1 directly or via a bioretention swale located along the southern edge of the project 
area, upgradient from Rain Garden 1 (Figure 2). Additionally, any water not infiltrated by the 
permeable surface would also flow into the rain garden or bioswale, via a series of curb-cuts 
extending along the northern edge of the rain garden and bioswale. Detailed drawings of the rain 
garden and bioswale are contained on sheets 7, 9, and 10 in Appendix C. 
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Note: The southern edge of the bioswale, and the southern and eastern edge of the rain garden 
are bounded by solid curbs preventing the contribution of runoff from the adjacent side walk and 
parking lot areas. 

Previous site visits during storm events indicate that, even during intense rainfall, Rain Garden 1 
is capable of infiltrating all of the stormwater runoff it receives due to the high permeability 
of the underlying soil. However, Catch Basin 1 (Figure 2 and Figure 3) serves as a bypass 
(overflow) structure should the infiltration capacity and storage volume of the rain garden be 
exceeded. Water entering Catch Basin 1 either from rain garden bypass, or via the underdrain 
pipe (Figures 2 and 3) is discharged through a series of catch basins and pipes to Spanaway 
Creek which is outside the study area. 

Monitoring Stations 

To facilitate the monitoring described above, a total of three monitoring stations will be 
established in connection with this project. The name and purpose of each station is presented 
in Table 3 with a short description of its location and associated monitoring equipment. The 
specific location of each monitoring station is also shown in Figure 2. A detailed site diagram 
shows the drainage area of the LID features that will be monitored (Figure 2). 

Data Collection 

Data-Logging pressure transducers and a tipping bucket rain gauge will be the primary data 
collection devices used for this monitoring project. Pressure transducers will be installed at the 
two monitoring locations shown in Figure 2. The data loggers will be programmed to record 
data every 15 minutes over the duration of the nearly 2-year monitoring period extending from 
February 14, 2011 through December 31, 2013. The rain gauge will be installed at the Spanaway 
golf course located approximately 0.2 miles from the Sprinker Recreation Center site. Power for 
the pressure transducer data loggers will be maintained by an internal battery which is specified 
by the manufacturer to last longer than the project duration (Appendix A). Power for the rain 
gauge will be supplied by a 12-volt battery. 

Data from each monitoring station will be uploaded by County staff on a bi-monthly basis 
between October 15 and April 15, and monthly throughout the rest of the year. On a routine 
basis, the uploaded data will be transferred to a Microsoft Access data base, managed by the 
County for post-processing. Post-processing will include drift and offset corrections, gap filling, 
and spike deletion. 
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Table 3. Monitoring stations to be established for the Sprinker Recreation Center LID performance monitoring project. 

Station Name Station Purpose Station Description 

PP-Underdrain This station will be used to continuously monitor the flow from the 
drainage area depicted in Figure 2. Flow volumes at this site will be 
compared with modeled site flows for both an entirely impervious 
scenario (i.e., no LID), and an entirely forested condition. This will 
allow an evaluation of the flow control provided by LID features at 
the site relative to the forested condition target. 

The flow volume measured at this station originates from the 
drainage area depicted in Figure 2. The sources of flow at this site 
are; runoff from impermeable asphalt surfaces routed via the 
underdrain pipe system shown in Figure 2, and water that has been 
infiltrated through the permeable pavement and asphalt (Figure 2.) 
and has entered the under drain underdrain pipe (Figure 2). A 
Thel-Mar style weir and pressure transducer will be installed in the 
pipe to measure the outflow volume from the above listed sources. 

RG-BP This station will be used to monitor the frequency of bypass in a 
representative rain garden on the project site. Based on the high 
permeability of the soil at the site it is expected that bypass will 
never occur. The primary purpose of this site is to verify that runoff 
(if any) from the permeable surfaces (Figure 2), and the small section 
of impermeable surface adjacent to the rain garden (Figure 2) does 
not contribute to total site flow. 

Rain Garden 1 receives runoff from the permeable area, as well as 
small section of impermeable area (Figure 2). A stilling well and 
pressure transducer will be installed adjacent to the bypass structure 
in Rain Garden 1 (Figure 2). Water level will be continuously 
monitored to identify periods when the water level of the rain garden 
is higher than the bypass structure (i.e., stormwater is discharged 
from the rain garden). 

PG (precipitation 
gauge) 

This station will be used to continuously measure rainfall (volume 
and intensity). Rainfall data will be used to identify qualifying storm 
events (i.e., pre- and post storm antecedent dry periods, and total 
volume). 

A tipping bucket rain gauge will be installed at the Spanaway Golf 
Course field house (Figure 1). 
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Data Analysis Overview 

The continuous monitoring data that is collected from the stations identified in Table 3 will be 
used to evaluate the effectiveness of the LID features at reducing flow volumes and peak 
discharge rates. To perform this evaluation, the data from each individual monitoring station will 
be processed 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, 
summary statistics will be calculated 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: 

 The performance of the permeable pavement for reducing runoff volumes 
and peak flow rates will be evaluated by comparing area-weighted flow 
data to the modeled area-weighted flow data for the unmitigated (i.e., 
entirely impermeable) condition. Hypothesis testing (e.g., Wilcoxon 
signed rank tests) will be performed on these data to determine if there are 
significant differences between the existing condition and an unmitigated 
condition. A rainfall-runoff relationship will also be developed for existing 
conditions (i.e., a blend of impermeable and permeable surfaces) based on 
rainfall data from the rain gauge. 

 Rain garden water level data will be evaluated to determine the frequency 
and duration of bypass (overflow). Based on soil type (Spanaway Sandy 
Loam) present beneath the rain garden it is predicted that the all water that 
enters the rain garden will infiltrate. The primary purpose of the rain 
garden monitoring station is to document that rain garden bypass does not 
contribute to total site runoff. If bypass occurs, the duration of bypass will 
be regressed with storm event characteristics (i.e., rainfall intensity and 
duration) to identify storm event characteristics that cause the rain garden 
performance to fall short of the expected zero runoff result. 
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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. This information is presented under separate subsections for 
precipitation, discharge, and rain garden bypass frequency monitoring. 

Precipitation Monitoring 

Rainfall will be measured using a Hobo S-RGB M-002 tipping bucket rain gauge. A HOBO 
Weather Station U30 data logger will be programmed to record the measured rainfall and 
air temperature data, at 5-minute intervals. A 12-volt battery will provide the power for all 
instrumentation. A solar panel will be attached to the battery. The rain gauge will be mounted 
to a piece of 2-inch conduit attached to the side of the Spanaway Golf Course Club House. 
Technical specifications for the rain gauge and data logger can be found in Appendix A. 

Discharge Monitoring 

As described in the Sampling Process Design section, discharge will be continuously measured 
at PP-Underdrain. Table 3 provides a brief description of this monitoring station and the 
equipment that will be installed to facilitate the discharge monitoring. More detailed descriptions 
of the equipment installation configuration and discharge monitoring procedures are provided 
herein. Technical specifications for the discharge monitoring equipment (pressure transducers, 
weir, and data loggers) are presented in Appendix A. 

A Thel-Mar style weir (see weir specifications in Appendix A) will be installed at the 
PP-Underdrain. The weir will be installed in the outlet of the 12-inch pipe that discharges to the 
catch basin identified as Catch Basin 1 in Figures 2 and 3. In this structure, the pipe in which 
flow will be monitored is at an equal or slightly lower elevation than the discharge pipe from the 
catch basin structure. The weir that will be installed will be custom designed such that it raises 
the water level in the monitored pipe by approximately 2 inches higher than a typical Thel-Mar 
weir to ensure that backflow conditions cannot occur. A hole will be drilled through the face of 
the weir, and a reinforced 3/8-inch internal diameter (ID) polyethylene tubing will be connected 
to the hole. The other end of the tubing will be connected to 1.5-inch ID polyvinyl chloride 
(PVC) stilling well, which will be inserted into a heavy gauge square steel tube (to prevent 
vandalism) anchored to the interior wall of the monitoring catch basin shown in Figure 2. 

A Hobo U20-001 data logging pressure transducer (see specifications in Appendix A) set to 
record water level data at 15-minute intervals will be suspended from a steel cable set inside 
the stilling well to measure water level. A Second Hobo U20 pressure transducer will also 
be installed in the stilling well to continuously measure and record atmospheric pressure. A 
generalized diagram for the weir installation configuration is shown in Figure 3. After measuring 
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the appropriate offset for referencing water levels in the stilling well to water levels in the 
Thel-Mar weir, the water level measurements from pressure transducers will be converted to 
discharge measurements based on a compound weir equation (see Measurement Procedures 
section). Water level will be logged by the pressure transducer at 15-minute intervals. 

Rain Garden Bypass Frequency 

A stilling well and a Hobo U20-001 data logging pressure transducer will be installed (see 
specifications in Appendix A) and set to record water level data at 15-minute intervals. The 
stilling well will be located adjacent to the overflow control structure identified in Figure 2 
and Figure 4. The stilling well will be constructed of 1.5-inch ID PVC pipe. The well will be 
installed so that approximately 2 feet of pipe extends below the mulch and soil surface of the rain 
garden. A 3/8-inch ID hole will be drilled in the PVC stilling well pipe slightly above the mulch 
and soil surface of the rain garden, but at a lower elevation than elevation of the grate of the 
catch basin. This hole allows the water level in the stilling well to equilibrate to the elevation of 
the surface water within the rain garden. A generalized diagram for the water level monitoring 
well installation configuration is shown in Figure 4. The pressure transducer offset will be 
determined relative to the inlet hole. The elevation of the stilling well inlet hole will also be 
surveyed relative to the elevation overflow control structure grate, so that the height of water in 
the rain garden (stilling well) relative to the overflow structure can be determined. Bypass 
periods will be documented when the rain garden water surface elevation is above the elevation 
of the overflow control structure. 
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Measurement Procedures 

Discharge monitoring for this project will require water level measured in primary measuring 
devices to be converted to estimates of discharge. 

Discharge Rates at PP-Underdrain will be calculated using the following equations for 
converting stage measurements to discharge measurements in a compound weir (Grant 1997). 

Constants (K) will be obtained from Grant (2007) once the weir has been fabricated. 

V-Notch Cross-Section 

 

Where: Qv-notch = Flow rate through the v-notch segment of the weir 
K          = Constant dependent on notch angle and unit of measure 
H          = Head (height above tip of v-notch) 

Rectangular Cross-Section 

 

Where: Qrectangular = Flow rate through the rectangular segment of the weir 
K              = Constant dependent on unit of measure 
L               = Crest length (the distance across the rectangular section) 
H              = Head (height above top of v-notch) 

Total Flow 

 

Where:  = Total flow rate through both the v-notch and rectangular portion of the weir 

All water level data will be corrected for atmospheric pressure difference based on 
measurements from the pressure transducer installed at PP-Underdrain. 
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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 validation checks will be performed during a minimum of 6 storm events each year 
(12 events total). Each validation check will be targeted to capture a range of storm event sizes to 
obtain measurements at different flow rates. During these checks, the discharge rate at PP-
Underdrain will be manually measured and compared to the calculated discharge rate from the 
continuous monitoring equipment. Discharge will be measured at this site by catching water 
flowing over the v-notch in the weir in a 1,000 mL graduated cylinder. The time to fill the 
cylinder to the 1,000 mL mark will be measured with a stopwatch, and will be used to calculate 
the discharge rate in liters 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. 

Equipment Calibration Checks 

At least 6 site visits will be made on an annual basis (12 total) to check pressure transducer 
calibration at each monitoring station. These checks will occur every other month. Timing of 
these events will coincide with periods when there is no runoff occurring at PP-Underdrain, and 
the level water level in the rain garden is below the inlet hole in the stilling well at RG-BP. 
The pressure transducers at PP-Underdrain and RG-BP will be calibrated using the following 
procedures. 

 PP-Underdrain: Field personnel will insert an inflatable bladder into the 
pipe behind the weir and inflate the device until a seal forms between the 
bladder and the interior wall of the pipe. The pipe will then be filled with 
water until it flows through the v-notch. Once the flow has decreased to 
zero and the water level is equal with the bottom of the v-notch, the 
pressure transducer will be calibrated to zero. The offset between the 
pressure transducer elevation and the v-notch elevation will be recorded 
during each calibration event. Offset values will be tracked over time by 
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means of control charts to detect potential instrument drift and other 
operational problems. This information will be used to assess the MQOs 
that are identified in the Quality Objectives section above. If the data do 
not meet the specific MQOs defined for each indicator, corrective actions 
will be implemented. 

 RG-BP: The calibration of the pressure transducer in the stilling well at 
Station RG-BP will also be checked by manually. The stilling well casing 
will be filled until water spills out the inlet hole. Once water has stopped 
flowing, and the depth is equal with the inlet hole, the pressure transducer 
will be calibrated to zero. The offset between the pressure transducer 
elevation and the depth of the stilling well inlet hole will be recorded 
during each calibration event. Offset values will be tracked over time by 
means of control charts to detect potential instrument drift and other 
operational problems. This information will be used to assess the MQOs 
that are identified in the Quality Objectives section above. If the data do 
not meet the specific MQOs defined for each indicator, corrective actions 
will be implemented. 

 PG: The rain gauge is a robust instrument that will only require annual 
calibration. On an annual basis water will be metered 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 for the rain gauge 

 Remove any debris that may interfere with the operation of volumetric 
weirs, or inlet holes to stilling wells. Verify data logger time and proper 
functioning. 

Results from these inspections will be documented on the standardized field forms (see example 
in Appendix B). 
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Data Management Procedures 

The hydrologic data from each monitoring station will be downloaded on a twice-monthly basis 
and be imported directly into an Access database developed by the County for subsequent 
analysis and archiving purposes. These data will be immediately checked for evidence of an 
equipment malfunction or other operational problem. To the extent possible, gaps in flow data 
will be interpolated. The data will be stored and presented in a manner that identifies which data 
that are from direct equipment measurements and which 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 each twice-monthly download. The data 
collected from each monitoring station over the sampled storm events will be compared to data 
from prior storms and data from the rain gauge station to identify potential data quality issues. 
This audit will 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 necessary. Further, if bias in the hydrologic 
record is detected, the data will be corrected to the extent possible based on the calibration 
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 a final project 
memorandum. The annual data summaries will consist of graphical and tabular representations 
of the compiled monitoring data. 

The annual and final reports will present and summarize all hydrologic data that were collected 
during this study. The 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. They will present and evaluate the compiled monitoring data using supporting graphical 
and/or tabular representations of the data as appropriate. 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 in the final report. Appendices to the 
report will include tabular compilations of all raw monitoring data, field data sheets, and a data 
validation memorandum. This report will be submitted by the County to Ecology 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 for the study will be reviewed to identify any significant 
gaps. If possible, these gaps will be filled using data obtained from the USGS 
maintained Puyallup gauge station (Site #12092000), located approximately 
24 miles from the project site. 

2. The available discharge and water level data from PP-Underdrain will be 
verified based on comparisons of the associated hydrograph 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 prepared 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 that will be used to evaluate how effectively 
LID features reduce flow volumes and peak discharge rates. Data pre-processing procedures for 
this analysis are described in the subsection below. Subsequent sections then present the data 
analysis procedures that will be used to evaluate the performance of the permeable pavement, 
rain gardens, and the entire project site. The Pacific Northwest typically experiences between 
100 and 110 runoff producing storm events each water year (Ecology 2008). Flow data for this 
project will be collected and recorded at 15-minute intervals throughout the project duration. 
Given the large number of events for which data will be recorded, it is expected that there will be 
adequate data to perform all statistical tests with sufficient rigor. 
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Data Pre-processing 

The continuous monitoring data that is collected from the stations identified in Table 3 will be 
analyzed to evaluate the effectiveness of the LID features on the SRC project site at reducing 
flow volumes and peak discharge rates. To perform this analysis, the data from each individual 
monitoring station will be processed 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 summary statistics for each event (e.g., peak discharge, storm volume, 
rainfall total, flow duration, etc.) will be calculated from the continuous monitoring data. These 
data will then be used in the analyses described in the subsections below. 

LID Performance Evaluation 

To evaluate the flow control performance of the permeable pavement, analyses will be 
completed on the modeled runoff data set to identify a subset of storms that had sufficient 
precipitation totals and/or intensities to produce runoff from an entirely impermeable surface. 
All modeling will be performed using an approved continuous simulation hydrologic model 
(e.g., WWHM3). The precipitation data gathered during the course of the study will be formatted 
and imported into the model. Evaporation data for the study period will be estimated using 
Puyallup gage evaporation data, adjusted for the project location. Statistical analyses will then be 
performed on the data from the PP-Underdrain and for these potentially runoff-producing storms 
to compare flow control performance of the permeable pavement and impermeable pavement, 
respectively. The specific null hypotheses (Ho) and alternative hypotheses (Ha) for these analyses 
are as follows: 

Hypothesis 1: 

Ho: The runoff volumes from the PP-Underdrain station are equal to or higher than the 
area normalized modeled surface runoff volumes as predicted by WWHM3 for an 
entirely impermeable surface. 

Ha: runoff volumes from the PP-Underdrain station are lower than the area normalized 
modeled surface runoff volumes as predicted by WWHM3 for an entirely impermeable 
surface. 

Hypothesis 2: 

Ho: The peak discharge rates measured at PP-Underdrain are equal to or higher than the 
area normalized modeled surface runoff volumes as predicted by WWHM3 for an 
entirely impermeable surface. 

Ha: The peak discharge rates measured at PP-Underdrain are lower than the area 
normalized modeled surface runoff volumes as predicted by WWHM3 for an entirely 
impermeable surface. 
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To evaluate these hypotheses, runoff volumes and peak discharge rates measured at the 
PP-Underdrain and modeled runoff will be analyzed using a Wilcoxon signed rank test to 
determine if there are significant differences between the two conditions. 

In all tests that are performed on these data, statistical significance will be assessed based on an 
alpha (α) level of 0.05. 

In addition to the hypothesis testing, the following will be computed: 

 Measured rainfall runoff relationship for the current site conditions. 

 Modeled rainfall runoff relationship for the entirely forested condition. 

 Percent difference between seasonal mean storm event peak flows 
measured at PP-Underdrain and the modeled seasonal mean storm event 
peak flow for the entirely impermeable and entirely forested scenarios. 

 Percent difference between annual runoff volume measured at 
PP-Underdrain and modeled annual runoff volumes for the entirely 
impermeable and entirely forested scenarios. 

Rain Garden Performance Evaluation 

Rain garden performance will be evaluated based on comparison to a “zero runoff standard”. The 
rain garden will be considered to meet the “zero runoff standard” if the elevation of the water in 
the rain garden never exceeds the elevation of the bypass control structure. If bypass does occur, 
linear regression analysis will be performed to evaluate the relationship between bypass duration 
and storm event characteristics such as rainfall intensity, duration and storm event volume. 
Regression statics will be compared throughout the course of the project to determine whether 
the relationship between bypass duration and storm event characteristics remains constant over 
time. 
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Hobo S-RGB M-002 Rain Gauge Specifications 
 

Measurement Range: 0–12.7 cm or 0–5 in. per hour; maximum 4000 tips per interval  

Operating Range: 0° to 50°C (32° to 122°F); survival -40° to 75°C (-40° to +167°)  

Mechanism: Tipping bucket, stainless steel shaft with brass bearings  

Resolution: 0.2 mm and 0.01 inch models  

Calibration: Requires annual calibration; can be field calibrated by user or returned to factory  

Calibration Accuracy: ±1.0% at up to 20 mm or 1" per hour  

Housing: Aluminum housing and collector  

Dimensions: 22.8 cm height x 15.4 cm diameter (9" height x 6" diameter), 154 mm receiving orifice 
(6.06")  

Approximate Weight: 1 Kg (2 lbs)  

Cable Lengths: 2 meter, 6 meter (6.5 feet, 20 feet)  

 

Note: Comes with side brackets for post or tripod mount and feet for surface mount. If mounting 
separate from main tripod, order with 6m cable and an additional 1.5m mast. If mounting on main 
tripod, order with guy wire kit. 
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Hobo U30 Data Logger Specifications 
 
Normal operating range: -20°C to 40°C (-4°F to 104°F) 

Extended operating range: -40 to 60°C (-40 to 140°F) - see "Rechargeable Battery service Life" for 
impact of operations in Extended Operating Range. 

Sensor Inputs: 5 standard; option to expand to 10 

Smart Sensor Compatibility: Compatible with most Onset smart sensors, except for the S-BPA, S-TMA 
and S-THA 

Data Channels: Maximum of 15 (some sensors use more than one data channel) 

Alarm Output Relay: Can be configured to be activated, deactivated or pulsed on user-defined sensor 
alarms. The relay can be configured as normally open or normally closed, and is rated for 30 V and 1 
amp max. 

Expansion Slot: One expansion slot is available for factory-installed expansion port. 

Local Communication: Full Speed USB via USB mini-B connector 

Size: 17.8 H x 11.7 D x 19.3 W cm (7.0 H x 4 .6 D x 7.6 W inches) 

Weight: 2 kg (4 lbs 10 oz) 

Materials: Outer Enclosure: ABS blend with stainless steel hinge pins and bronze inserts  
Inner Enclosure: Polycarbonate with bronze inserts  
U-Bolts: Steel with zinc dichromate finish  
Gaskets: Silicone rubber  
Cable entry channel: EPDM rubber  
Cable entry bars: Aluminum with ABS plastic thumb screws 

Data Storage Memory: Nonvolatile flash data storage, 512K bytes local storage 

Memory Modes: Stop when full, wrap around when full 

Operational Indicators: Up to six (depending upon options) status lights provide basic diagnostics 

Logging Interval: 1 second to 18 hours, user-specified interval 

Battery Type: 4 Volt, 4.5 AHr or 10 AHr, Rechargeable sealed lead-acid 

Rechargeable Battery Service Life: Typical 3–5 years depending upon conditions of use. Operation 
within the extended operating range (but outside the normal range) will reduce battery service life. 

Time Accuracy: 0 to 2 seconds for the first data point and ±5 seconds per week at 25°C (77°F) 

Environmental Rating: Weatherproof enclosure, tested to NEMA 6. (Requires proper installation of 
cable channel system) 
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Mounting: 3.8 cm (1.5 inch) mast or wall mount 

Enclosure Access: Hinged door secured by two latches with eyelets for securing with user-supplied 
padlocks 

Sensor Network Cable Length: 100 m (328 ft) maximum 

External Power: External power is required. The system optionally accepts the following Onset solar 
panels: 

� SOLAR-1.2W  
� SOLAR-3W  
� SOLAR-6W  

Alternatively it accepts an AC power adapter: 

� AC-U30  

Optional Analog Sensor Port Specifications 
Input Channels: Two, single-ended 

Field Wiring: Two- or three-wire via screw terminals on detachable connector, 16–24 AWG. 
Replacement detachable connectors: Part of spares kit, Part No. A-FS-CVIA-7P-1 

Input Range: User-configurable: 0–20 mA DC, 0–20 VDC (suitable for 2.5, 5, 10V sensors) 

Minimum / Maximum Input Voltage: 0 / 24 VDC 

Minimum / Maximum Input Current: 0 / 24 mA DC 

Minimum Current Source Impedance: > 20 KΩ 

Accuracy: ± 0.25% of FSR from 50mV to FSV 

ADC Resolution: 12 bits 

Excitation Power: Switched 12 VDC, up to 50 mA; user-selectable warm-up from 5msec to 2 minutes 
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FIELD LOG SHEET 
Field Staff:  Site:  Weather:  
       

Maintenance Visit 
Date/Time:    

Station Name: PP-Underdrain  Station Name: RG-BP 
Logger Time Correct?   Logger Time Correct?  
Gauge Level:   Gauge Level:  
Measured Level:   Measured Level:  
Weir Obstructed?   Logger Battery Voltage  
Logger Battery Voltage   

 

Station Name: Rain Gauge  
Logger Time Correct?   
Rain Gauge Obstructed?   
Logger Desiccant   
Logger Battery Voltage   

 

Other Notes:  
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