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2.0 Executive Summary 
This 2-year study seeks to evaluate the role that mulch plays in the performance of bioretention 
best management practices, specifically in terms of removal of pollutants from stormwater 
runoff when used as a top layer in bioretention cells. Additionally, we aim to see how different 
kinds of mulch attenuate stormwater flows through bioretention systems, alter soil moisture 
conditions, and provide dissolved carbon to the bioretention ecosystem. Three types of mulch, 
medium bark mulch, button bark mulch, and arborist chips, will be compared to a no-mulch 
control within replicated bioretention cells located at Washington State University’s Puyallup 
Research and Extension Center. With this test facility of 16 bioretention cells, each of the three 
mulch types will be replicated four times and their performances compared against those of four 
no-mulch cells. We define treatment performance as the ability of a bioretention cell to 
remove/sequester stormwater pollutants, store water in the form of soil moisture, and reduce 
runoff volume. Additionally, weeding effort and plant growth will also be quantified to measure 
success of planted vegetation over time. All the cells will be dosed with a synthetic blend 
stormwater during 6 artificially generated storm events. Artificial stormwater will be applied to 
each cell with a network of pumps and pipes, using water that has been dosed artificially with 7 
common analytes. Changes in water quality between influent and effluent will be measured by 
comparing event mean concentrations of the dosed analytes between inflow and outflow. 
Changes in water quantity will be evaluated by examining reductions to runoff volume between 
inflow and outflow, and changes in soil moisture within each bioretention cell. Anticipated study 
outcomes from this work are a better understanding of what types of mulch in bioretention 
systems are best suited to treat stormwater, ensure plant success and limit weeding efforts. 
Together these outcomes will shed light on the potentially crucial role that mulch plays in the 
performance of a bioretention cell. 
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3.0 Introduction and Background 

3.1 Introduction to the Mulch and Bioretention Study 
Stormwater that flows into bioretention or rain garden systems first contacts the mulch layer 
before any other component in that system. However, effects of mulch in bioretention systems 
have not been evaluated. Mulch can prevent weeds and invasive species. Given that repeated 
weeding and invasive removal is a costly addition to operations and maintenance budgets for 
any municipality, we aim to provide information to optimize mulch choice to minimize 
maintenance efforts. In addition, mulch layer can provide carbon and nutrients in the 
bioretention soil layers, eventually helping plant survival and growth. The incremental benefit to 
stormwater treatment is unknown, but this study aims to determine if the mulch layer itself 
affects analyte removal from stormwater in bioretention systems by increasing adsorptive 
surfaces for stormwater analytes such as hydrocarbons, metals, fecal coliform, or nutrients. Three 
mulch types will be tested: 

1. Medium bark mulch (fir and ash) 
2. Button bark mulch (cedar and fir) 
3. Arborist chips (mixed) 

 

 
Figure 1: Schematic of a bioretention system with underdrain (from Roy-Poirier et al., 2010) 

 

3.2 Problem Description 
With the proliferation of rain gardens and bioretention systems in Western Washington 
designed to control and treat stormwater, there is a critical need to understand the role that 
mulch plays in treating stormwater and reducing maintenance effort. From a stormwater 
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treatment perspective there are five primary reasons that make cost effective choices regarding 
mulch for a bioretention system: 
1. Stormwater that flows into bioretention or rain garden system first contacts the mulch layer 

before any other component in that system. By making an appropriate choice for this ‘first 
responder’ there is an opportunity for adding considerable treatment potential.  

2. Mulch is an easily replenishable carbon source for critical biogeochemical processes that 
treat stormwater pollutants. Carbon sources in the BSM layer itself cannot be replaced 
without digging out the plants and BSM, however, mulch can be easily added on top. 

3. We hypothesize that mulch is the most easily replaced component of a bioretention system 
if exposed to high and unexpected analyte loading. Its ease of replacement and status as 
the first substrate that stormwater encounters in the bioretention systems necessitates a 
greater understanding of its role in stormwater treatment. 

4. The mulch layer ensures both soil moisture and nutrients from the mulch are retained in the 
upper layers of the BSM, where these are available to the plants for transpirative and 
phytoremediative processes, respectively. Note that transpirative processes affect 
stormwater control and phytoremediative processes affect stormwater treatment. 

5.     Mulch plays a critical role in preventing weeds and invasive species from outcompeting 
plants in a bioretention system. While this doesn’t necessarily address stormwater 
treatment per se, there is sufficient evidence to show that weedy and unkempt bioretention 
systems are considered eyesores and tend to be undervalued by the public. Additionally, 
repeated weeding and invasive removal is a costly addition to operations and maintenance 
budgets for any municipality. 

 
We believe that the multifold role that mulch plays in effective stormwater treatment and 
mitigation of maintenance effort needs a more complete understanding to guarantee the 
sustainability of the hundreds of bioretention facilities and rain gardens that will be installed in 
the coming years in the region.  

3.3 Results of Prior Studies 
With considerable recent effort to characterize stormwater pollutant removal by various types of 
bioretention soil media (BSM), a missing and critical aspect to these efforts is documenting the 
role of mulch for bioretention systems in western Washington. Sufficient evidence exists to show 
that mulch plays a critical role in stormwater pollution remediation.  Some of this seminal work 
is outlined below:  

Phosphorous and Mulch - Mei, Ying, et al. (2012) in a study on five types of mulch [bark of white 
poplar, bark of sophora japonica, haydite, pearlite, and vermiculite] showed that short term 
phosphorous sorption capacity was maximum when using vermiculite. 

Metals and Mulch – Davis et al. (2001) identified the importance of a mulch layer in the removal 
of metals from influent stormwater. They showed that there was a significant uptake of metals 
an upper mulch layer, and that an inch-thick layer of mulch was sufficient to retain most the 
influent metals. This study was performed at a laboratory scale. 
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Oils, and Grease and Mulch – Hong et al. (2006) in a bench-scale infiltration study showed that a 
thin mulch layer was capable of trapping 80 to 95% of all oils and greases added to a synthetic 
stormwater influent load. Furthermore, 90% of the sorbed oils and greases biodegraded 
between 2 and 8 days, a biodegradation that was shown to be accompanied by increased 
microbial populations. 

Heavy Metals, and Polycyclic Aromatic Hydrocarbons and Mulch – Ray et al. (2006) found that 
the sorption of heavy metals [copper, cadmium, chromium, lead, zinc] and PAHs [1,3 
dichlorobenzene (DCB), naphthalene (NP), fluoranthene (FA), butylbenzylphthalate (BBP), and 
benzo(a)pyrene (B[a]P)] to a layer of hardwood mulch was dependent upon the pollutant 
species, contact time and initial concentrations. Sorption rates ranged from 20 to 100% with 
metals sorbing faster to the mulch than the PAHs. This study was also conducted at a laboratory 
bench-scale. Mulches can be effective in removing heavy metals from landscape and garden 
soils. Common urban contaminates such as lead and cadmium can be removed from the soil 
solution by mulched leaves of eucalyptus (Eucalyptus spp.), pine, poplar (Populus spp.), and 
arborvitae (Thuja spp.). Likewise, a mixture of compost and woodchips was found to 
decontaminate forest soils by complexing copper into a less toxic form (Chalker-Scott, 2007) 

Microbial Rhizosphere and Mulch – Tiquia et al. (2002), in a field microcosm study that 
compared the application of several organic mulches to top soil against a bare soil control, 
showed that mulch treatment significantly affected organic matter content, soil respiration, 
microbial biomass N, soil pH, cation-exchange capacity, and concentrations of plant nutrients. 
The populations of certain bacterial populations in the rhizosphere was also significantly higher 
in the composted plots compare to the bare soil plots. 

3.4 Regulatory Requirements 
The data collected from this study is intended to provide more information on the performance 
of the mulch layer in a typical bioretention best management practice (BMP), and associated 
maintenance effort. Ultimately these results will inform Ecology’s stormwater guidance, 
specifically bioretention design (BMP T7.30, “Bioretention Cells, Swales, and Planter Boxes,” of 
Volume V of the 2012 SWMMWW as amended in 2014).  

Urban jurisdictions use Green Stormwater Infrastructure (GSI) technology, such as bioretention, 
in new and re-developed infrastructure in order to comply with National Pollutant Discharge 
Elimination System (NPDES) regulations.  



The effects of mulch on stormwater treatment and maintenance effort in bioretention systems 

12/16/2019  P a g e  | 4 

4.0 Project Overview 

4.1 Study Goal 
The goal of this project is to determine the benefits of three types of mulches in bioretention 
systems. 

The study aims to quantify how well certain mulches remove specific pollutants from 
stormwater, impact hydrologic dynamics within a cell, and how some mulch types mitigate 
maintenance effort by suppressing the growth of weeds. As a result of this work, Phase I and II 
permittees will have a basis for mulch choice to in order to maximize stormwater pollution 
removal and minimize maintenance effort.  

4.2 Study Description and Objectives:  
This study will utilize sixteen replicated bioretention cells located at the WSU-Puyallup low 
impact development (LID) test facilities. All sixteen bioretention cells were retrofitted in Summer 
2017 and replanted in  November 2018 with a common plant palette. All sixteen cells were lined, 
re-plumbed, and instrumented to measure inflows and outflows. The bioretention cells are built 
with the default bioretention soil mix (BSM) which is 60:40 sand: compost)) as recommended by 
the Washington State Department of Ecology’s. 

Three types of mulch will overlay the standard BSM:  

4. Medium bark mulch (fir and ash) 
5. Button bark mulch (cedar and fir) 
6. Arborist chips (mixed) 

 

Each mulch type will be replicated four times and compared against a control of four 
bioretention cells with no mulch. Artificially dosed storm events comprising specific stormwater 
pollutants added to the dosing water will be applied to the 16 test cells, with influent and 
effluent pollutant concentrations measured through sampling and laboratory analyses. These 
influent and effluent concentrations will then be used to quantify pollutant removal efficiencies 
associated with these mulch choices.  

Stormwater runoff will be collected from 72,084 ft2 of impervious surface on the WSU Puyallup 
facility, and stored in a common dosing cistern. Stored stormwater will then be mixed with 
chemicals to meet the range of influent loading rates to represent urban stormwater pollutant 
concentrations. 

We will test 7 stormwater analytes per storm event. These analytes are: 

1. Nitrate – Nitrite 
2. Total Phosphorous 
3. Dissolved copper 
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4. Dissolved zinc 
5. Total Petroleum Hydrocarbons 
6. Total Suspended Sediments 
7. Dissolved Organic Carbon 

 
Pollutant removal rates will be quantified by measuring inflow and, outflow flow rates, as well as 
influent and effluent event mean analyte concentrations. Additionally, soil moisture, volumes of 
inflow and outflow will be used to characterize how mulch affects water retention in each cell. 

 

The effects of mulch on weeding effort and plant survival will be quantified by measuring 
person-hours needed to remove weeds from the cells over the course of the study. Plant 
replacement costs will also be quantified, where plants will be replaced when there is 25% 
mortality of a particular species of plant.  Weed proliferation, removal effort, and associated 
plant replacement costs, will give a more complete picture of which of the three mulches are 
best suited for weed suppression in Western Washington bioretention systems. 

A listing of study objectives is: 

1. Quantify pollutant removal efficiencies for 7 pollutants of concern, over two wet seasons. 
2. Quantify stormwater fluxes in terms of inflow/outflow and soil moisture dynamics over 

two wet seasons. 
3. Quantifying maintenance effort in terms of weed removal and plant replacement over 

the period of study. 
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4.3 Study Location 
The work will be performed WSU’s Puyallup Research and Extension Center in Puyallup, WA 
where 16 replicated and identical bioretention test cells have been retrofitted for this study. The 
test cells will be dosed with stormwater collected in a large 11,370-liter (3,000-gallon) cistern 
and then to each rain garden by gravity and at natural storm rates and volumes. Each test 
bioretention cell is hydraulically isolated from other cells, and inflow stormwater rates, as well as 
outflow stormwater rates can be quantified using sixteen 0.5L tipping gage flow meters. An 
additional flow meter that receives water directly from the influent cistern will give us the rate of 
influent flow to the 16 bioretention cells. Influent pollutant concentrations and effluent 
concentrations will be measured using compositing automated samplers that will be 
programmed to collect flow-paced water samples. Dosing of storm events will be managed by 
taking water samples directly out of the cistern prior to a dosed-storm event, and then adding 
target pollutants to the cistern to ensure that the dosed event falls within a range of desirable 
pollutant concentrations. 
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Figure 2: Location of WSU's Puyallup Research and Extension Center 
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4.4 Data Needed to Meet Objectives 
Data collected during this study fall into two categories: A) mulch effect on plant growth and 
weed suppression; and B) mulch effect on water quality and water quantity, in a bioretention 
cell. 

Mulch effects on plant and weed growth: 
1. Quantifying time for system operational check (hours per month) 
2. Quantify time needed to weed (hours per month) 
3. Counting total number of weeds (count data) 
4. Fresh and dry weight of weeds for weed biomass per treatment (mass) 
5. Replacement cost and effort associated with replacing plants when around 25% of the 

species do not survive (value). 
 
Mulch effects on water quality and quantity: 

1. Flow rates in and out of the 16 bioretention cells (flow rate) 
2. Event mean concentrations of 6 specific pollutants at the influent cistern and at the 

effluents of 16 bioretention cells, and (concentration data) 
3. Dissolved organic carbon concentrations at effluent position for 16 bioretention cells. 
4. Soil moisture conditions in the bioretention at two locations in the cells (volumetric soil 

moisture), one close to the influent, and one close to the effluent locations. 

Figure 3: Layout of 16 bioretention test cells at WSU's Puyallup Research and Extension Center 
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4.5 Tasks Required to Conduct Study 
Task 1 Project management and administration 

Project administration will be led by WSU staff and students. This includes initiating agreements, 
subcontracting with project partners, tracking progress of deliverables, reimbursing partner 
project work based on detailed reports on deliverables, and semi-annual reports to Ecology 
SAM program.  WSU will provide updates and reporting to Ecology semi-annual or as requested 
and required by the contract. 

Task 2 Quality Assurance and Project Protocol (QAPP) development  

This document, the QAPP, describes the study design, Instrumentation, intended the type of 
data, how often data are collected, maintenance protocols for the system, how data will be 
managed, and lastly how data will be analyzed. Costs associated with QAPP development are 
related to time taken to write and revise this QAPP document.   

Task 3 Bioretention system preparation and instrumentation  

The bioretention cells are already built and instrumented with flow measuring instrumentation 
and weather sensors. Soil moisture sensors will be purchased for this project and owned by 
WSU. All 16 cells are already planted with a common plant palette. 

Task 4 Quantifying maintenance effort and plant survival 

Replicated maintenance protocols for each of the three mulch treatments such as pruning, weed 
removal will be compared to controls (no mulch). Maintenance effort will be measured in terms 
of person hours spent on an activity. Plant success will also be measured as an associated metric 
of maintenance effort. Plant survival and death rates will be monitored at least monthly. Growth 
rates will be measured bi-monthly by monitoring height and width of each plants using a 
quadrat. Visual assessment of crown health and common plant growth index will be used. All 
plant assessments will be carried out by a single individual.  

Task 5 Quantifying mulch effects on water quality and water quantity 

We will test 7 chemical parameters for each storm dosing event in both the influent and effluent 
from the bioretention cells.  

1. Nitrate – Nitrite (target influent value: 0.3 mg/L) 
2. Total phosphorous (target influent value: 0.3 mg/L) 
3. Dissolved copper (target influent value: 0.1 mg/L) 
4. Dissolved zinc (target influent value: 0.1 mg/L)  
5. Total petroleum hydrocarbon (target influent value: TPH 15 mg/L) 
6. Total suspended solids (target influent value: 150 mg/L) 
7. Dissolved organic carbon (no target) 

Pollutant removal efficiencies will be quantified by measuring inflow volume, outflow volume, 
initial analyte concentrations based on dosing of the cistern, and analyte concentration at the 
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bioretention cell outlet. Volumes of inflow and outflow will be used to characterize how mulch 
affects water retention in each cell. Results will represent full bioretention water quality and 
quantity treatment (not only the mulch layer). Soil moisture, and rainfall data will be used as 
additional explanatory variables in the interpretation of pollutant removal efficiencies. 

Task 6 Communication 

A final report of study findings will cover water quality treatment water quantity retention, soil 
moisture, maintenance effort, plant survival for the three mulch types tested, aa data quality 
review and usability statement, and recommendations for stormwater managers on the mulch 
types tested.  

4.6 Potential Constraints  
This work is dependent on rainfall events to charge the dosing system – so while storms will be 
artificially generated, the bulk of the stormwater for the actual artificial event will come from 
stormwater runoff stored after a natural storm event. We will therefore have to ensure that prior 
to an artificial event, we receive enough natural precipitation to fill our storage tanks. 
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5.0 Organization and Schedule 

5.1 Key Project Team Members: Roles and Responsibilities 
Table 5.1 Key project people and roles. 
Key Team Members Role Responsibility 

Ani Jayakaran, PhD PE 
Washington State University 
253-445-4523 
anand.jayakaran@wsu.edu 

Lead Entity, 
proposal co-
author and 
Quality 
Assurance 
Coordinator 

Overall project management and 
ensuring that water quality and 
quantity objectives are met. Also 
responsible for deliverables. 

Brandi Lubliner, PE 
WA Dept. of Ecology 
360-407-7140 
brwa461@ecy.wa.gov  

SAM Project 
Manager 

Reviews the project scope and budget, 
tracks progress, reviews and approves 
contract deliverables. Serves as the 
contact person for all communications, 
notifications, and billings questions 
regarding IAA No. 1800154.  

Linda Chalker-Scott, PhD 
Washington State University 
lindacs@wsu.edu 

Key Team 
Member, 
Proposal 
coauthor, and 
project 
collaborator 

Responsible for evaluating weeding 
and plant related metrics. 

Carly Thompson 
Washington State University 
carly.thompson@wsu.edu 

Project 
Technician 

Responsible for logistics associated 
with sampling storm events, and sensor 
maintenance. 
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5.2 Project Schedule 
Table 5.2: Schedule Detail by Task Deliverables 

 Calendar Year 2019 2020 2021 

Task and Deliverables (Semi-annual basis) Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

1. Project Management and Communication   

D1.1 to 1.4 Semi-annual Reports           

2. QAPP   

D2.1 Draft            

D2.2 Final           

3. Instrumentation   

D3.1 Memo indicating completion           

4. Quantifying Maintenance Effort   

D4.1 Monitoring Memo           

5. Quantifying Water Quality & Quantity Remediation by Mulch   

D5.1 Draft Analysis           

D5.2 Revised Analysis           

6. Communication  

D6.2 Draft Report on Whole Study           

D6.3 Final Report on Whole Study           

D6.3 Presentations           

D6.4 Fact Sheet            
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5.3 Budget and Funding Sources 
Table 5.3: Budget 

Task Description Salaries Benefits Supplies Travel  Indirect  Total Task 

Task 1 Project management 
and admin $6,830 $1,763 -   -  $2,148 $10,741 

Task 2 QAPP development $7,165 $1,849  -   -  $2,254 $11,267 

Task 3 
Bioretention system 
preparation and 
instrumentation 

-   -  $10,400  -  - $10,400 

Task 4 
Quantifying 
maintenance effort 
and plant survival 

$37,455 $7,994  -  $500 $11,362 $57,311 

Task 5 
Quantifying mulch 
effects on water 
quality & quantity 

$11,684 $2,593 $72,690 $500 $3,569 $91,036 

Task 6 Communication $6,830 $1,763  -   -  $2,148 $10,741 

  Total by Object $69,964 $15,962 $83,090 $1,000 $21,481 $191,497 
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6.0 Quality Objectives 
The data quality objectives for this project are to ensure that the measured data adequately 
represent water quantity and water quality fluxes associated with the 16 bioretention cells. To do 
this, field data will be collected to characterize water quantity flux, while laboratory analysis of 
influent and effluent samples will provide a characterization of how water quality is altered as 
stormwater passes through the mulch treatments. Data will be generated according to 
procedures outlined in Section 8.0. Data will be deemed acceptable in terms of data quality as 
outlined this section and only those data that meet and exceed our data quality requirements 
will be used for analyses. 

 BMP performance monitoring is expected to be scientifically accurate, useful for the intended 
analysis, and legally defensible. To achieve that goal, the collected data will be evaluated relative 
to the following indicators of quality assurance (QA). 

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 study to data from other similar 
studies, regulatory requirements, and historical data 

Measurement quality objectives (MQOs) are performance or acceptance criteria that are 
established for each of these QA indicators. The MQOs are described below in separate 
subsections for hydrologic and laboratory data. 

6.1 MQOs for water quantity or field data 
Hydrologic monitoring will involve measurement of outflow using tipping bucket flow meters, 
soil moisture, and precipitation depth. Inflow will be calculated by assessing flow at the Influent 
sampling station, with the assumption flow at the location is representative of all inflows to the 
16 bioretention cells. Flow measurement and soil moisture errors can be introduced through 
improper installation procedures, as well as though faulty sensor functioning over the period of 
study. Similarity, errors associated with precipitation depth data can be introduced from the 
placement and/or improper functioning of the rain gauge. 
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The data quality indicators for these measurements are expressed in terms of precision, bias, 
representativeness, completeness, and comparability. Assessments of precision and bias will be 
conducted before equipment is deployed in the field and again at the end of the project when 
the monitoring equipment is retrieved from the field. The MQOs for field data are defined 
below. 

Precision 
The precision of the flow meters will be measured by pouring water at known increments onto 
each flowmeter until the bucket tips. The quantity of water needed to tip the bucket will be 
recorded for 20 tips per flow meter. The process will be repeated three times, and the resultant 
coefficient of variation (Cv) will be calculated. The MQO for rain gauge precision will be a Cv of 
no more than 5 percent. Cv will be calculated using the following equation: 

Where:  
Cv = Coefficient of variation 

  σ = Standard deviation 
µ = The average volume increment needed to tip bucket 

 
Rain gauge precision will be assessed by repeatedly releasing a known volume of water into the 
rain gauge to cause the tipping bucket mechanism to tip at least 20 times and recording the 
volumes required to tip it. The process will be repeated three times, and the resultant Cv will be 
calculated using the above equation.  
 
Soil moisture precision will be assessed by installing the soil moisture sensors in a well graded 
well mixed 1’ X 1’ X 1’ sand box covered with foil with some water added to the sand. The soil 
moisture readings will be recorded on a 5-minute time step for 4 hours. The MQO for soil 
moisture precision will be 5 percent of the calculated measurement based on the mass of sand 
and added water. 

Bias 
Bias will be assessed based on a comparison of monitoring equipment readings to an 
independently measured “true” value. To assess bias associated with the flow gauges, each 
gauge will have known volumes of water added to determine the how much more (or less) 
water is needed to tip the bucket, and how different this volume is from manufacturer’s 
specification of a tip per 0.5 Liters (L) of water. This test involves 20 repeated trials per flowmeter 
and will be conducted at the beginning and end of the study period. The MQO for level 
measurements will be a difference of no more than 5 percent between the average volume 
needed to tip the bucket, and the manufacturer’s specification of 0.5 L. 

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 

%100×=
µ
σ

vC
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manufacturer. The rain gauge’s actual readings will be determined by measuring the volume of 
water required to initiate one tip of the associated 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. 

Bias associated with the soil moisture sensors will be determined by installing the soil moisture 
sensors in a well graded well mixed 1’ X 1’ X 1’ sand box covered with foil with a known mass of 
water added to a known mass of oven dried sand. Soil moisture sensor readings will be collected 
over a two-day period and compared to the calculated soil moisture based on the mass of sand 
and added water. The MQO for these measurements is a difference of no greater than 5 percent 
between calculated and the measured soil moisture over the two-day period. 

Representativeness 
The representativeness of the hydrologic data will be ensured by the proper calibration and 
installation of all monitoring equipment, as well as adding the representative amount of water to 
each bioretention cell in a manner that conforms with rainfall totals common to this area, as well 
as the drainage area to treatment area ratio – for this study, that ratio is 10:1. Storm events that 
will be simulated are listed in Table 8.2. 

Completeness 
Completeness will be assessed based on occurrence of gaps in the data record for all 
monitoring equipment. The associated MQO is less than 10 percent of the total data record 
missing due to equipment malfunctions or other operational problems. Completeness will be 
ensured through routine maintenance of all monitoring equipment and the immediate 
implementation of corrective actions if problems arise. 

Comparability 
There is no numeric MQO for this data quality indicator. However, standard monitoring 
procedures, units of measurement, and reporting conventions will be applied in this study to 
meet the goal of data comparability. All the cells were built to design standards and the amount 
of stormwater applied to them will follow the sizing standard therefore users of this information 
can presume that results we find in this study are comparable to real world conditions. 
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6.2 MQOs for water quality sampling and laboratory analyses 
QA indicators for laboratory data are expressed in terms of precision, bias, representativeness, 
completeness, and comparability. The specific MQOs that have been identified for this project 
are described below and summarized for the water and quality data in Table 6.1. Note that the 
term “reporting limit” in this document refers to the practical quantification limit established by 
the laboratory, not the method detection limit. 

Precision 
In this study, overall project data quality will be based on analytical precision and total precision. 
The following sections describe the MQOs associated with each type of precision. 

Total Precision 

Total precision will be estimated for laboratory split samples separately. Laboratory precision will 
be determined by the analytical lab and reported to us. Overall project data quality will be based 
on total precision; but part of the process of determining data suitability will depend on 
analytical precision (see below) objectives being met. 

For duplicate values that are both greater than 5 times the reporting limit, the pooled relative 
standard deviation (RSDp) of laboratory duplicates will meet MQOs identified in Table 6.1. 

The RSDp of duplicate samples will be calculated using the following equation: 

 

 

Where:  
Sp  = Pooled standard deviation 

 RSDp  = Pooled relative standard deviation 
 Ci1 and Cj2 = Concentration values 
 m  = Number of pairs 
Since there is no advantage to randomly selecting samples for replication, all available 
information and professional judgment will be used to select samples or measurements likely to 
yield results above five times the reporting limit (Ecology 2004). For example, when effluent 
concentrations are expected to be low, especially at or below five times the reporting limit, 
duplicate samples should be preferentially obtained from the influent station and effluent 
stations. 

( )
m

CjCi
2

2
21∑ −Sp = %100×x

S p
and RSDp = 
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Table 6.2:  Laboratory and Field Data Quality Indicators (DQIs) and Measurement Performance Criteria (MPC) for analytes of the 
mulch effectiveness study. 

Analyte Method MDL RL Lab and Feld 
replicates RPDa 

LCS (%R) MS/MSD (%R) Laboratory 
Duplicate RSDpb 

Nitrate + Nitrite-N EPA 353.2 0.0100 mg/L 0.0100 mg/L ≤25% or ± 2 × RL 90-110% 75-125% ≤10% 

Total Phosphorous SM 4500-P E-99 0.00800 mg-P/L 0.00800 mg-P/L ≤20% or ± 2 × RL 90-110% 75-125% ≤10% 

Dissolved Copper EPA 200.8 UCT-KED 0.340 µg/L 0.500 µg/L ≤20% or ± 2 × RL 80-120% 75-125% ≤10% 

Dissolved Zinc EPA 200.8 UCT-KED 0.820 µg/L 4.00 µg/L ≤20% or ± 2 × RL 80-120% 75-125% ≤10% 

Total Petroleum 
Hydrocarbons,  

(low level) 

NWTPH-Dx *0.0330 mg/L, 
^0.0560 mg/L 

*0.100 mg/L, ^0.200 
mg/L 

≤30% or ± 2 × RL *56-120%, ^30-160% *56-120%, ^30-160% ≤10% 

Total Suspended 
Solids 

SM 2540 D-97 1.000 mg/L 1.000 mg/L ≤25% or ± 2 × RL 90-110% NA ≤15% 

Dissolved Organic 
Carbon 

SM 5310 B-00 0.5000 mg/L 0.5000 mg/L ≤20% or ± 2 × RL 90-110% 75-125% ≤15% 

*- Diesel Range Organics (C12-C24) 
^- Motor Oil Range Organics (C24-C38) 
a The relative percent difference must be less than or equal to the indicated percentage for values greater than 5 times the reporting limit. RPD must be and ± 2 

times the reporting limit for values less than or equal to 5 times the reporting limit. 
b RSDp will only be calculated for values that exceed 5 times the RL. 
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Analytical Precision 

Analytical precision will be assessed by laboratory splits of samples, matrix spikes, and 
laboratory control samples (see below, under Bias). 

The relative percent differences (RPD) of laboratory split samples will meet MQOs identified in 
Table 6.1.  

The RPD will be calculated using the following equation: 

Where: 

RPD  = Relative percent difference 

 C1 and C2 = Concentration values 

Bias 
Sampling bias will be assessed based on analyses of field and laboratory samples. For details 
regarding remedial steps if contamination from any field equipment is detected, refer to the 
Verification and Validation section. 

Field Bias 

Field contamination during sampling could occur from the tubing or activities of field staff. The 
tubing will be used for one season then cleaned. To assess the cleaning effectiveness an 
equipment blank sample will be made by running lab supplied blank water thru tubing after 
cleaning.  The values for field blanks are not to exceed the reporting limit, if they do the tubing 
will be discarded and new tubing used for the second sampling season.  

 Laboratory Bias 

Laboratory contamination of samples will be assessed using method blanks, matrix spikes, and 
laboratory control samples (LCS). Method blank samples are expected to be below the reporting 
limit identified in Table 6.1. The percent recovery of matrix spikes and LCS will meet the MQOs 
identified in Table 6.1. 

Percent recovery for matrix spikes will be calculated using the following equation: 

%200
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21= ×
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Where: 

 %R = Percent recovery 
 S = Measured concentration in spike sample 
 U = Measured concentration in unspiked sample 
 Csa = Actual concentration of spike added 
If the analyte is not detected in the unspiked sample, then a value of zero will be used in the 
equation. 

Percent recovery for LCS will be calculated using the following equation: 

Where: 

%R = Percent recovery 
 M = Measured value 
 T = True value 

Representativeness 
The sampling design will provide samples that represent a wide range of water quality 
conditions during storm events. Sample representativeness will be ensured by adequate sample 
size over a sufficient time span, and by employing consistent and standard sampling procedures. 

One of the objectives of this project is to collect flow-weighted composite samples with 
pollutant concentrations that represent an event-mean concentration (EMC) for the sampled 
event. To ensure composite samples meet this objective, the following guidelines for sampling 
criteria will be used: 

1. At least 10 flow-weighted sub-samples (or aliquots) must be collected during the 
duration of the event. 

2. Samples shall be collected for at least 75 percent of the storm event hydrograph as 
measured by volume. 

3. Maximum sampling duration: 36 hours 
4. Synthetic storms – natural storm events will provide stormwater that will be stored in 

large cisterns. These cisterns will be dosed with chemical reagents to meet specific 
pollutant concentrations prior to dosing of the 16 bioretention cells. The dosing will be 
the basis for performing water quality testing and will be conducted in the form of 
synthetic storms that range from 0.2 inch to 1-inch rainfall over a 24-hour period. 

5. Data from a minimum of 6 synthetic storms will be considered adequate to meet the 
objectives of this performance monitoring project. 

%100
saC

  U)- (S
 = R% ×

%100
T
M

 = R% ×
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Completeness 
Completeness will be calculated by dividing the number of valid values by the total number of 
values. Valid sample data consists of unflagged data and estimated data that has been assigned 
a J qualifier. A qualitative assessment will be made as to which J flagged data may need to be 
excluded from this calculation before the production of the TER. If less than 95 percent of the 
samples submitted to the laboratory are judged to be valid, then additional samples will be 
collected until at least 95 percent are judged to be valid. 

Comparability 
Standard sampling procedures, analytical methods, units of measurement, and reporting limits 
will be applied in this study to meet the goal of data comparability. The results will be tabulated 
in standard spreadsheets to facilitate analysis and comparison. 
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7.0 Experimental Design 

7.1 Study Design Overview 
The study will be conducted at Washington State University’s Research and Extension Station in 
Puyallup, WA. The site comprises three basic physical components to the experimental design: 

1. Cistern and flow distribution system will be used as a source for stormwater 
associated with synthetic storm events. 

2. Bioretention cells (16) with 60:40 BSM, two soil moisture sensors per cell, a common 
plant palette, and three mulch treatments (replicated four times). Four cells with no 
mulch will serve as control. 

3. Sampling stations (17) – 16 measuring bioretention effluent, and one measuring 
influent directly from the cistern. Each sampling station comprises a water quantity 
sampling flowmeter, and an automated water quality sampler. 

Cistern and Flow Distribution System 
To facilitate monitoring of the bioretention cells, stormwater will be collected from a 72,084 
square foot impervious drainage area on the WSU campus. Runoff from approximately 75 
percent of this area (54,063 ft2) will be routed to two 11,370-liter (L) (3,000 gallon) cisterns for 
storage and delivery to the cells. The cistern locations on the campus and associated drainage 
area are shown in Figure 4. Stormwater from the cisterns can be routed via gravity flow to the 
cells during natural storms; alternatively, water can also be pumped from the cistern at specific 
flow rates, and pollutant concentrations, to produce synthetic storms. In both cases, weir boxes 
constructed at the water surface elevation inside the cistern distribute uniform volumes of 
stormwater to each bioretention cell, with one distribution line bypassing the bioretention cells 
and terminating at a separate Influent sampling station (Figure 5). Influent flows and chemistry 
for all the cells will be generalized based on representative data that are collected at this station. 

For this study, synthetic storm events will be generated using the pump system and will move 
stormwater dosed with reagent grade chemicals to simulate a more potent stormwater mix, 
from the cistern to the bioretention cells. Based on prior experience the natural stormwater 
collected in the cisterns does not contain high enough concentrations of pollutants to provide a 
representative influent to the BMPs, therefore we add chemicals to become more representative 
of published stormwater concentrations draining urban centers (See Section 7.6 for targeted 
influent concentrations). The cistern will be kept full during the study using natural storms; 
therefore, any stormwater that enters the cisterns from the associated drainage basin will flow 
directly to the cells and Influent sampling station without attenuation.  

1. By directing undosed stormwater associated with natural storm events to the cells, we 
will be able to measure just the water quantity dynamics of the system – flow rates and 
soil moisture fluxes.  

2. By directing dosed synthetic storms to the cells, we will be able to quantify the water 
quality dynamics of the system – pollutant removal efficiencies. 
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Furthermore, eductors1 to agitate the water in the cistern that are  installed inside the cistern will 
be activated during sampled storm events to keep particulate bound pollutants from settling 
out in the cistern prior to reaching the bioretention cells. This will minimize any pretreatment 
that might occur in the cistern that would bias the results. 

 

Figure 4: Image showing layout of facilities at WSU’s Puyallup Research and Extension Center. Stormwater 
captured from a drainage area (purple) will be stored in a cistern, that in turn will be used to dose 16 
bioretention cells (red area) 

Bioretention Cells 
Sixteen bioretention cells arranged in a 4 by 4 grid pattern were planted with a common plant 
pallet within a uniform planting area of 100 ft2. The plants that were chosen are: 

1. Primary deciduous woody element: Physocarpus opulifolius 'Tiny Wine’ -- A dwarf ninebark 
with disease resistance and capacity to withstand both summer drought and some winter 
flooding.  

 
 
1 Eductors are a kind of jet-type pump that do not require any moving parts to be able to pump out a liquid or gas. 
These pumps make use of their structure to transfer energy from one fluid to another via the Venturi effect.  
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2. Primary evergreen woody element: Mahonia aquifolium 'Compacta’ -- A dwarf cultivar of 
our native tall Oregon-grape that has a tidy habit and grows about 2-2.5 feet.  Very tough 
in all conditions (as long as it's in full to mostly full sun). 

3. Bunching grasses/grass-like plants: Pennisetum a. 'Burgundy Bunny' Carex testacea 
4. Non-aggressive rhizomatous species: 

i. Iris tenax (evergreen) 
ii. Juncus ensifolius 

 
The arrangement of those cells containing a particular mulch type, and cells containing no 
mulch [control] are depicted below in Figure 5. The figure also shows the arrangement of pipes 
and locations of the 16 effluent sampling station, and the single influent sampling station. 
 

 

Figure 5: Schematic showing arrangement of cells with three kinds of mulch, with no mulch [control], and 
arrangement of piping system. Sampler stations are also shown. 

 

Each bioretention test cell will comprise bioretention soil media of the 60:40 sand-compost mix, 
a common plant palette, and one of the three experimental mulches, or no mulch (control). 
Within each cell, a section close to the inflow, and one close to the outflow will have soil 
moisture sensors inserted to a depth of 1 foot below the ground surface. A vertical drain outlet 
has been installed within each cell to carry effluent from the cell to the downstream sampling 
location. The vertical drain outlet is designed to allow for varying the depth of outlet flow. For 
this project, that depth is set at 20 inches below the top of the mulch layer, or 18 inches below 
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the top of BSM where no mulch (control). The planted area of 100 ft2 will be considered as the 
bioretention treatment areas. 

 

7.3 The Structural BMP System Sizing 
Each bioretention cell is approximately 11ft by 11ft. The planted footprint in each cell is about 
100 ft2. The level of the outflow is approximately 20 inches below the top of mulch, and 18 
inches below the top of the BSM mix. Per the Washington Stormwater Management Manual for 
Western Washington. Dosed synthetic storms will be routed to each cell, and each cell will 
receive a volume of runoff equivalent to 10:1 contributing:treatment area. Therefore, to simulate 
a 1-inch 24-hour rainfall event, 10 inches of dosed stormwater will be applied per unit treatment 
area of cell, or 10𝑖𝑖𝑖𝑖

12(𝑖𝑖𝑖𝑖/𝑓𝑓𝑓𝑓)
∗ 100𝑓𝑓𝑓𝑓2 = 83𝑓𝑓𝑓𝑓3 = 2,360 𝐿𝐿𝐿𝐿𝑓𝑓𝐿𝐿𝐿𝐿𝐿𝐿 of dosed stormwater will be needed to 

be applied to each cell for a simulated 1 inch storm. 

  

Figure 6: Cross-section of a single bioretention test cell 



The effects of mulch on stormwater treatment and maintenance effort in bioretention systems 

12/16/2019  P a g e  | 26 

7.4 Types of Data Being Collected 
Table 7.4: Type and frequency of data collected for targeted parameters. 

Parameter Sample type for 
collection (I= influent, 

E=effluent) 

Frequency of 
collection 

Nitrate + Nitrite I, E 6 
Total phosphorous I, E 6 
Dissolved copper I, E 6 
Dissolved zinc I, E 6 
Total petroleum 
hydrocarbon   

I, E 6 

Total suspended 
solids 

I, E 6 

Dissolved organic 
carbon 

I, E 6 

Inflow volume I 15 minute 
Outflow volume E 15 minute 
Soil moisture two locations per cell 15 minute 
Plant success within each cell Weekly 
Weeding effort within each cell Weekly 
Precipitation one location on campus 15 minute 

 

See Figure 4 for contributing drainage area for cistern (influent) water, and Figures 5 and 6 for 
bioretention cell inflow and outflow locations. All effluent sample parameters will be measured 
in 3 field bioretention cell replicates per treatment and control. 

Refer Table 9.5 for number of samples collected 
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7.5 Flow Monitoring 
As described in the Experimental Design section, water is distributed to each bioretention cell 
and the Influent sampling station (Figure 5) via weir boxes placed at a uniform height within the 
cistern. Because influent flows into each weir will frequently be below the recommended 
minimum flow rate for v-notch weirs (4 gpm) (Walkowiak 2006), the weirs are not to be used as 
primary flow measurement devices; instead, their sole purpose will be to ensure an even 
distribution of water to each bioretention cell and the Influent sampling station. To this end, the 
height of the weir boxes will be checked on a monthly basis during the first year of monitoring 
to ensure the weirs are at the same elevation (see Quality Control section below). In the second 
year of monitoring, the height of the weir boxes will be checked at a minimum on a quarterly 
basis. 

The volume of dosed stormwater routed to each bioretention cell will be estimated by routing 
water through a Hydrological Services TB0.5-L tipping bucket flow gauge (see detailed 
specifications in Appendix) is be installed at the Influent sampling station (Figure 3). The tipping 
bucket flow gauge is connected to a Campbell Scientific CR1000 datalogger. The datalogger 
measures each tip of the flow gauge bucket mechanism and convert the signal to a volume 
estimate. The volume estimates are totalized over a 5-minute logging interval, converted to an 
estimate of discharge for that period, and stored along with the precipitation data within the 
datalogger. The stored data is automatically downloaded on a daily basis via radio telemetry to 
a central server located in an adjacent campus building. The discharge data collected from the 
Influent sampling station is used to estimate influent discharge rates to all of the bioretention 
cells. These discharge estimates will be valid so long as flow is uniformly distributed to each 
bioretention cell via the weir boxes in the cistern. As noted above, the height of the weir boxes 
will be checked monthly during the first year of monitoring and at least quarterly thereafter to 
ensure an even distribution of flow to each bioretention cell. 

Effluent discharge rates are measured at the point of discharge for each bioretention cell’s outlet 
flow control structure (Figures 5 and 6). Flow from each outlet flow control structure is routed 
into a separate Hydrological Services TB1-L tipping bucket flow gauge for each bioretention cell. 
These flow gauges are connected to the same Campbell Scientific CR1000 datalogger described 
above, in connection with the Influent sampling station. The discharge measurements from 
these flow gauges are stored and downloaded using procedures described above for the 
Influent sampling station. 

  



The effects of mulch on stormwater treatment and maintenance effort in bioretention systems 

12/16/2019  P a g e  | 28 

7.6 Soil Moisture Monitoring 
Two soil moisture sensors (HOBOnet Soil Moisture EC-5 Sensors) will be installed within every 
bioretention cell at a depth of 12 inches below the ground surface. One sensor will be placed 
close to the inflow, the other close to the outflow of the cell. The data from each sensor is 
transmitted wireless to a receiving station (RX3000 WiFi Remote Monitoring Station), from which 
it will be downloading periodically to a central database. 

7.7  Water Quality Sampling 
Flow weighted composite samples will be collected during six synthetic storm events for 
characterizing influent and effluent pollutant concentrations for each bioretention cell. Influent 
samples will be collected using an Isco Model 6700 series automated sampler (see detailed 
specification in Appendix E) that are installed in association with the Influent Sampling Station 
and each bioretention cell (Figures 5). The automated sampler intake for the Influent sampling 
station will be located just upstream of the station’s tipping bucket flow gauge (see description 
in previous section). The automated sampler intake for each bioretention cell will be installed 
immediately upstream of the tipping bucket flow gauges described in the previous subsection. 
In both cases, the sampler intakes will be positioned to ensure the homogeneity and 
representativeness of the collected samples. Specifically, sampler intakes will be installed to 
make sure adequate depth is available for sampling, and to avoid capture of litter, debris, gross 
solids, or floatables that might be present towards the bottom or top of flow stream. 

7.8 Cistern Dosing 
Given that stormwater emanating from the WSU Puyallup Research and Extension site is fairly 
low in pollutants, the cistern will be augmented with reagent grade metal and nutrient 
compounds, Sil-co-Sil 106 ground silica (for TSS), motor oil, diesel fuel, to achieve target ranges. 
This synthetic stormwater will then be transferred from the cistern stormwater to the 16 
bioretention cells through a series of pumped pulsed events, where a series of pulsed events 
would mimic a single storm event. For this method, pollutant concentrations are anticipated to 
be relatively consistent throughout storm. 

Addition of chemicals will be done to achieve the following influent targets.  

1. Nitrate – Nitrite (target influent value: 0.3 mg/L) 
2. Total phosphorous (target influent value: 0.3 mg/L) 
3. Dissolved copper (target influent value: 0.1 mg/L) 
4. Dissolved zinc (target influent value: 0.1 mg/L)  
5. Total petroleum hydrocarbon (target influent value: TPH 15 mg/L) 
6. Total suspended solids (target influent value: 150 mg/L) 
7. Dissolved organic carbon (measured only in effluent) 
 
To achieve these concentrations consistently in influent delivery, the amount of reagent added 
would need to account both for the water already in the cistern (V1) as well as the additional 
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stormwater (V2) that will be pumped into the cistern to simulate a synthetic storm. If C1 is the 
desired influent concentration that will be delivered to the bioretention cells, then the reagent 
concentration (C2) within the cistern just before additional stormwater is pumped into the full 
cistern, is given by: 

𝐶𝐶2 = 𝐶𝐶1(
𝑉𝑉1 + 𝑉𝑉2
𝑉𝑉1

) 

7.9  Weeding Effort and Plant Success   
The effect that mulch plays on mitigating weeds will be measured through monthly logging of 
person-hours needed to remove weeds or plants not planted in the cells, from each of the 16 
bioretention cells. 

Plant success will be measured by monitoring plant health and mortality on a monthly basis. We 
will also monitor plants for damage not associated with treatment (e.g., herbivore damage and 
other environmental factors). We will measure the success of plant establishment by measuring 
the total spread of the above ground parts. We will note whether growth is so vigorous that 
there is a risk of the area becoming a monoculture of that species. 
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8.0 Sampling Procedures 

8.1 Standard Operating Procedures  
Precipitation, Flow, and Soil Moisture Monitoring 
No SOPs are prescribed for these activities as they will all be conducted using continuous sensor 
technology, with data logged using a telemetric network that transmits data to a central server.  

Water Quality Sampling 

Synthetic Storm Events 

Pre-determined synthetic stormwater volumes and rates will be delivered from cisterns through 
pumps and flow meters. Accordingly, estimates for influent EMC will be determined from known 
volumes. If working with natural stormwater that has been in the cistern for less than 10 days, 
existing concentrations will be assumed from previous natural stormwater testing. If working 
with natural stormwater that has been in the cistern for more than 10 days, the cistern water will 
be tested for total nitrogen, phosphorus, zinc and copper. Estimates for influent EMC will then 
be determined given pre-determined storm volume and cistern water quality. Reagent grade 
ACS chemicals will be used to make Standard Solutions of each analyte. Concentrations of 
Standard Solutions will be below maximum concentrations achievable for cold water. Reagents 
to be used are listed in Table 8.1. Volume of Standard solutions will be added to the cistern in 
proportions to achieve target concentrations for total metals and total nutrient concentrations 
identified in above. 

Table 8.1: Target primary pollutants and reagents for synthetic stormwater. 
Target Pollutant Reagent 

TSS Sil-co-Sil 106 

Total P Potassium Phosphate mono basic (KH2PO4) 

NO2+NO3 Potassium nitrate (KNO3) 

Cu (total and dissolved) Copper sulfate (CuSO4) 

Zn (total and dissolved) Zinc Chloride (ZnCl2) 

Total Petroleum Hydrocarbons Petrol and Diesel 

 

Before a synthetic storm is applied water quality sampling equipment will be deployed following 
procedures detailed previously. Selected concentrations of metals and nutrients, Sil-co-Sil 106 
ground silica (for TSS), diesel fuel, and motor oil will be added to the cistern. Eductors will be 
turned on for a minimum of one hour before adding chemicals and continue through storm 
delivery to create a well-stirred condition in the tank. 
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Pre-determined storms ranging from small (0.2 inches) to larger (1.0 inches) of rainfall will be 
delivered to bioretention cells from the cisterns. The existing contributing area to bioretention 
cell area ratio will be used to determine total synthetic storm volume. Stormwater from the 
cisterns will be continuously mixed and delivered using existing pumps and metered through 
high accuracy flow meters (Endress Hauser Promag 50) at pre-determined rates. Technicians will 
monitor flow delivery and adjust pumps and meters to attain desired synthetic storm delivery. 
Flow rates will roughly mimic typical storm hydrograph starting off at slower rates, increasing to 
a peak flow and then receding to the storm end (see Storm Volume and Rates for Synthetic 
Stormwater Delivery below).  

During the pre-event site visits, field personnel will perform routine maintenance activities on 
the monitoring equipment as described in the Quality Control section below. Once these 
activities are complete, field personnel will perform the following steps to prepare each 
automated sampler for sampling: 

1. Flush sample line for each automated sampler with dilute (1:100) Liquinox detergent 
solution and then deionized water. 

2. Attach sample line to automated sampler and position the associated intake in the 
respective sampling locations described above for the Influent sampling station and 
bioretention cells. 

3. Place a clean 20-L glass sample bottle into the automated sampler and pack ice around 
each sample bottle. 

4. Attach the automated sampler head to its base. 
5. Initiate the automated sampler’s program. 

 

During the storm event sampling, each automated sampler will be programmed to enable in 
response to a predefined increase in flow at the respective station. The automated samplers will 
then collect 400-mL sample aliquots at preset flow increments with the goal of collecting at least 
29 sample aliquots, covering at least 90 percent of each storm’s total runoff volume. Sample 
pacing for the automated samplers will be determined based on the total volume of water that 
will be used to dose the systems. The total volume of water used to dose the system will in turn 
be calculated based on the rainfall event that is being simulated (0.2 to 1 inch, 24-hr rainfall), 
assuming that all rainfall runs off the contributing area. Again, the contributing area is assumed 
to be 10 times the planted area of each bioretention cell (96 ft2). The resultant runoff volume 
(cubic feet) will then be divided by 24 (the median number of 400 mL aliquots that a 20-L bottle 
will hold) to estimate the sample pacing (liters) volume necessary to collect an adequate number 
(greater than 10) of aliquots across at least 75 percent of the storm. 

During the actual storm event, the Campbell Scientific CR1000 datalogger described in the 
previous subsection will send an alarm when the flow rate at the Influent sampling station 
reaches a user customizable threshold. This alarm will notify field personnel that an event is 
underway. As needed, additional grab samples may also be collected to verify the data from the 
Influent sampling station are indeed representative of the influent to each of the bioretention 
cells (see Quality Control section). Sample bottles will be immediately placed on ice and kept 
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below 6° Celsius (C) until delivery to the laboratory. During the sampling event, field personnel 
will also check the field equipment and perform any maintenance that is necessary without 
interfering with the functioning of the sampling equipment. 

After each synthetic storm event, field personnel will make visual and operational checks on 
each automated sampler and determine the total number of aliquots composited. Pursuant to 
the sampling goals identified in the Measurement Quality Objectives section above, the 
minimum number of composites that constitutes an acceptable sample is 10. A minimum 
volume of approximately 5.75 L must be collected to perform all the targeted analyzes in this 
study with the associated laboratory quality control requirements. If the sample is acceptable, 
the sample bottle will be immediately capped, removed from the automated sampler, labeled 
(see labeling conventions in Quality Control section), and kept at 4°C until delivery to the 
laboratory. Once in the laboratory, water from the carboy will be used to fill pre-cleaned, 
preserved (where appropriate) sample bottles for the required analyses. All collected flow-
weighted composite samples will then be analyzed for the parameters identified in the 
Experimental Design section. 

Storm Volume and Rates for Synthetic Stormwater Delivery 

Storm volumes and the range of six synthetic storm events that will be generated are presented 
in the table below: 

Table 8.2: Storm volumes for synthetic storm events. 

24-hr Rainfall (in) 0.2 0.4 0.5 0.6 0.8 1 

Volume per cell (ft3) 17  33  42  50  67  83  

Volume per cell (L) 472  944  1,180  1,416  1,888  2,360  

Volume to all 16 cells + influent station (L) 8,023  16,046  20,058  24,069  32,092  40,116  

Flow pacing for each sampler (L of effluent 
stormwater per 400mL-aliquot) 

12.5 25.0 31.0 37.5 49.5 62.0 

Prior to a beginning of a synthetic storm event, the stormwater cisterns will be filled to the point 
that water just starts flowing across the weir boxes at which point filling of the cistern will stop. 
Once all flow across weir boxes has ceased, eductors will be turned on for 60 minutes, after 
which dosing of the cistern will take place. Dosing concentrations will be based on the targeted 
influent concentration and dependent on the sums of the volume of water in the cisterns and 
anticipated stormwater that will be added to the cistern for the synthetic storm event [See 
Section 7.8 Cistern Dosing]. 

Once the cisterns have been dosed, water will be pumped into the cistern while the eductors are 
running to ensure a fully mixed system. Pumping will occur as 9 pulsed events, with each pulse 
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taking 20 minutes, and each pulse separated from the next pulsing event by a 20-minute period 
of no pumping. The intermittent pumping is to ensure that there is some parity in terms of 
delivery times for the nearest and the furthest cell, and that they are loaded similarly over the 
course of the entire synthetic storm event. This 20-minute pulsing is illustrated for two storm 
events in Figure 7 – that 0.2-inch and 1.0-inch storm events. Each storm event will take 340 
minutes to complete. Delivery rates for the 0.2-inch and 1.0-inch storm events, and the number 
of sample aliquots collected per pulse are also shown in Figure 7. 

 

 
Monitoring Weeding Effort 
The amount of time taken to identify and remove weeds will be recorded for each bioretention 
cell. This activity will be performed once every month over the course of the study. The time 
weeding effort begins, when it ends, and the identifying label for the bioretention cell will be 
recorded. Additionally, annual and perennial weed counts, as well as wet and dry weights of 
weed biomass will be recorded. 

Monitoring Plant Success 
Plant success will also be measured as an associated metric of maintenance effort. Plant spread 
and vigor will be monitored weekly. Plant spread will be measured by assessing the 
circumference of spread. Vigor will be assessed by a visual assessment of crown health and plant 
growth and quantified using the following scale: 

• 1 = No damage associated with treatment, good color, vigorous growth 

Figure 7: Pumping rates for two artificially generated storm events 
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• 2 = 1-25% damage associated with treatment. Color and growth are not as robust as 
those rated a “1” but are still acceptable and growing well. 

• 3 = 26-50% damage. Plants show obvious signs of stress associated with the treatment 
but still show new growth and may recover. 

• 4 = 51-75% damage. Plants show significant signs of stress associated with the 
treatment with little new growth. 

• 5 = 76-100% damage. Plant is dead or is expected to die soon. 
 

 

8.2 Containers, Preservation Methods, Holding Times 
Automated samplers will be filled with ice before each sampled storm event. Ice will not be 
allowed to sit within autosamplers for more than 24 hours before the initiation of an event (with 
the goal of keeping sample temperatures below 6 degrees Celsius). After each targeted storm 
event, all samples will be minimally processed in the field to prevent potential contamination 
from trace pollutants in the atmosphere. 

Clean, decontaminated sample bottles will be placed in the automatic sampler in advance of 
each storm event. All sample bottles (grab sample bottles and 20-liter composite bottles) will be 
transported in coolers with ice and kept below 6 degrees Celsius until delivery to the laboratory. 
The temperature of the samples will be measured upon sample delivery and recorded on the 
chain of custody form. Once in the laboratory, the composite samples will be transferred from 
the sampler carboy to precleaned sample bottles for the required analyses. The carboy will be 
vigorously agitated through a splitter into separate bottles for analysis. This transfer process will 
ensure the sample is well mixed before filling the individual sample bottles. To minimize 
exposure of the samples to human, atmospheric, and other potential sources of contamination, 
laboratory staff will process the samples using “clean” techniques pursuant to protocols 
developed by the US EPA (1996) for the low-level detection of metals. 

8.3 Equipment Decontamination 
New sample bottles will be provided by the analytical laboratory prior to each sample collection 
event. Equipment used for intermediate storage and collection of samples (glass carboys, etc.) 
will be decontaminated for target parameters prior to each sampling event following SOPs 
described in Friese et al. 2014. Chemical waste will be disposed of following WSU Environmental 
Health and Safety SOPs for chemical waste disposal. 

After samples are processed, laboratory personnel will clean the sample bottles with a four-step 
process: 1) Liquinox detergent rinse, 2) reagent grade water rinse, 3) two molar nitric acid rinse, 
and 4) reagent grade water rinse. Automatic sampler intake lines will also be cleaned using a 
Liquinox detergent rise after every sampling event. 
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Figure 8. Decontamination SOPs for various types of equipment that will be used in the collection 
and storage of contaminated samples. This figure is adapted from the Ecology decontamination 
SOPs (Friese et al. 2014). 
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8.4 Sample Identification 
All sample containers will be labeled with the following information using indelible ink and 
labeling tape: 

• Sampling station name (e.g., 104 or INFL) 
• Date of sample collection (year/month/day: yyyy/mm/dd) 
• Time of sample collection (international format [24 hour]) 
• Field personnel initials (e.g., DSA) 

 

QA samples (blanks) will only be labeled as QA1, QA2, etc., for delivery to lab, but field staff will 
maintain a cross-check list of which stations and sample types the QA samples represent.  

Waterproof labels will be placed on dry sample container lids by self-adhesion or with tape. 
Waterproof labeling tape may be employed. Any written marks will be made with waterproof 
ink. 

8.5 Chain of Custody 
https://www.arilabs.com/sampling-and-custody-forms/ 

A chain-of custody record will be maintained for each sample batch listing the sampling date 
and time, sample identification numbers, analytical parameters and methods, persons 
relinquishing and receiving custody, dates and times of custody transfer, and temperature of 
sample upon delivery. 

8.6 Field Log Requirements 
During each pre- and post-storm site visit to each monitoring station, the following information 
will be recorded on a waterproof standardized field form (see Appendix 2). 

• Site name 
• Date/time of visit and last sample collected 
• Name(s) of field personnel present 
• Weather and flow conditions 
• Rain gauge condition 
• Desiccant condition 
• Number of aliquots (if sampled) 
• Sampling errors? (if sampled) 
• Sample duplicated? (if sampled) 
• Estimated sample volume (if sampled) 
• Presence of obstructions in weir, or sample tubing and remedial actions taken 
• Unusual conditions (e.g., oily sheen, odor, color, turbidity, discharges or spills, and 

land disturbances) 
• Modifications of sampling procedures 

https://www.arilabs.com/sampling-and-custody-forms/
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Field notes will be included as an appendix in the final report produced for this project. 

  



The effects of mulch on stormwater treatment and maintenance effort in bioretention systems 

12/16/2019  P a g e  | 38 

9.0 Measurement Procedures 
This section describes the laboratory methods that will be used for the analysis of samples 
collected for this research. This information is presented in separate subsections below for water 
quantity, water quality, and weeding effort, respectively. 

9.1 Procedures for Collecting Field Measurements 
Precipitation Measurement 
Two rain gages are installed on the Puyallup Research and Extension campus as outlined in 
Section 7.5.  Data is logged on a local C1000 datalogger. The stored data is automatically 
downloaded on a daily basis via radio telemetry to a central server located in an adjacent 
campus building. On at least a monthly basis, field personnel check the rain gauge to ensure it is 
still level. On an annual basis, the calibration of the gauge will be checked and adjusted if 
necessary (see Quality Control section below). 

Soil Moisture Measurement 
Each bioretention cell will have two soil moisture sensors installed (HOBOnet Soil Moisture EC-5 
Sensors) at a depth of 12 inches, one at the inflow and the other at the outflow of the cell. Soil 
moisture measurements will be logged at a 15-minute frequency on a central datalogger that is 
automatically downloaded on a daily basis via radio telemetry to a central server located in an 
adjacent campus building. On at least a monthly basis, field personnel check the soil moisture 
sensors for proper position in the soil profile. On an annual basis, the calibration of the gauge 
will be checked and adjusted if necessary (see Quality Control section below). 

Flow Measurement 
Performed continuously and data sent on a wireless network to a central database. 

Weeding Effort and Plant Success Measurement 
Performed on a weekly basis, with data recorded on field data sheets and data entered into a 
digital database once a month. 

9.2 Laboratory Procedures 
Water Quality Measurement 
Laboratory analytical procedures for water quality parameters will generally follow methods that 
are approved in the Federal Register by the U.S. Environmental Protection Agency (U.S. EPA 
2007). These methods provide reporting limits that are low enough to assess state and federal 
regulatory criteria or guidelines. The analytical methods, and reporting limits for all water quality 
parameters to be evaluated in this study are presented in Table 9.2. 

The Federal Register indicates that dissolved metals samples must be filtered, and pH must be 
measured, within 15 minutes of the end of a qualifying event. However, when collecting flow-
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weighted composite samples during storm events, this requirement generally cannot be met 
because the collection time of the last sample aliquot cannot be reliably predicted. Samples will 
be taken within 3 hours of the culmination of the synthetic storm event to the laboratory where 
samples will be split-churned for subsampling, and then filtered. 

The laboratory will provide the analytical results within 30 days of receipt of the samples in 
standardized reports that are suitable for evaluating the project data. Each report will be 
provided in both hardcopy format and as an Electronic Data Deliverable (EDD). These reports 
will specifically include the following information: 

• All raw values including those below the reporting limit and between the method 
detection limit and the laboratory reporting limit 

• The laboratory method detection limits and reporting limits for all parameters for each 
batch 

• All laboratory quality assurance (QA) results, including matrix spike, lab-replicate split, 
laboratory blank, and laboratory control sample results (See Table 6.1) 

The reports will also include a case narrative summarizing any encountered problems in the 
analyses, corrective actions taken, and changes to the referenced method, and an explanation of 
data qualifiers. 
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9.3 Sample Preparation Methods 
Once the samples are retrieved and delivered to the laboratory, the laboratory staff will be 
required to split the composite sample and immediately filter the dissolved metals and measure 
the pH. If sample retrieval occurs during the laboratory’s non-business hours or the laboratory is 
not able to receive, filter or process the samples; sampling staff will split, filter, and preserve the 
samples as soon as possible after retrieval. Samples will be delivered within 3 hours of the 
culmination of the synthetic storm to the laboratory for analysis. 

9.4 Special Method Requirements 
NA 

9.5 Lab(s) Accredited for Methods 
The laboratory identified for this project (Analytical Resources Incorporated) is certified by 
Ecology and participates in audits and inter-laboratory studies by Ecology and the U.S. 
Environmental Protection Agency. These performance and system audits have verified the 
adequacy of the laboratory’s standard operating procedures, which include preventive 
maintenance, data reduction, and quality assurance/quality control (QA/QC) procedures. 
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Table 9.5: Anticipated number of samples and quality assurance requirements for each water quality parameter. 

Parameter Storms No of 
Stations 

Total No. 
of 
Samples 

Laboratory 
Method 
Blanks 

Rinsate 
Blanks 

Laboratory 
Control 
Standard 

Matrix 
Spike 

Lab 
Duplicatesa 

Distribution 
Systems 
Checks 

Total No. of 
Samplesb 

Total suspended 
solids 

6 17 102 1/storma NA 1/storma NA 2/storma 3 129 

Total 
phosphorus 

6 17 102 1/storma 2 1/storma 1/storma 2/storma 3 135 

Nitrate + nitrite 
nitrogen 

6 17 102 1/storma NA 1/storma 1/storma 2/storma NA 132 

Copper, 
dissolved 

6 17 102 1/storma 2 1/storma 1/storma 2/storma NA 132 

Zinc, dissolved 6 17 102 1/storma 2 1/storma 1/storma 2/storma NA 132 

Total petroleum 
hydrocarbons 
(diesel + motor 
oil) 

6 17 102 1/storma NA 1/storma 1/storma 2/storma NA 132 

Dissolved 
Organic Carbon 

6 17 102 1/storma NA 1/storma 1/storma 2/storma NA 132 

a - Laboratory quality assurance samples will be analyzed with each batch of samples submitted to the laboratory for analysis. A laboratory 
batch will consist of no more than 20 samples. 
b - Total annual number of samples includes project samples, rinsate blanks, and distribution system checks. 
NA - not applicable.
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10.0 Quality Control  
Quality control (QC) procedures are identified in separate subsections below for field and 
laboratory activities. The overall objective of these procedures is to ensure that data collected 
for this project are of a known and acceptable quality. 

10.1 Field QC Required 
Quality control procedures that will be implemented for field activities are described below. The 
frequency and type of quality control samples to be collected in the field are also summarized in 
Table 9.5 for water quality and soil parameters, respectively. 

Instrument Maintenance and Calibration 
On a monthly basis and before each targeted event, routine maintenance and operational 
inspections will be performed to ensure that the equipment is functioning properly. 
Maintenance activities and operational inspections will include: 

• Inspection of power connections 
• Inspection of desiccant in dataloggers enclosures and automated samplers 
• Inspection of the rain gauge, including level check and debris removal 
• Inspection of tipping bucket flow gauges, including level check and debris removal. 
• Inspection of automated sampler tubing, including check for kinks and debris removal 
• Inspection of weir boxes, including debris removal 
• Inspection of outlet flow control structures (see Figure 5), including level of upper and 

upper outlets 
 

Instrument maintenance and calibration activities will be documented on standardized field 
forms (see example in Appendix F). 

The rain gauge and tipping bucket flow gauges (see Sampling Procedures section) are robust 
instruments that will only require annual calibration. During each calibration event, water will be 
metered into the gauges with a burette until the tipping bucket mechanism triggers. This 
process will be repeated and adjustments on the gauges will be made until an equivalent 
volume of water triggers the tipping mechanism in either direction. For the rain gauge, 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. For the flow gauges, the tipping buckets will be calibrated such that 
each tip is equivalent to 0.5 L. 

Because the tipping bucket flow gauges hold a larger mass of water and tip more frequently 
than the rain gauge, it will also be necessary to conduct dynamic calibration checks of these 
gauges. To conduct these checks, field personnel will run water though each tipping bucket flow 
gauge with a metered hose that is connected to the cistern described in the Experimental 
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Design section. The flow from the cistern will be measured with a magnetic flow meter; flow 
from the rotometer will then be compared with the flow from the tipping bucket flow gauge to 
assess instrument accuracy. This procedure will be repeated twice at 1 L per minute and twice at 
5 L per minute for each tipping bucket flow gauge. Tests at each flow rate will be performed for 
10 minutes. The dynamic calibrations will be conducted on an annual basis or as needed. 

Field Notes 
During each pre- and post-storm site visit to each monitoring station, the following information 
will be recorded on a waterproof, standardized field form (see example in Appendix F): 

• Bioretention cell media tank identification 
• Date/time of visit and last sample collected (if sampled) 
• Name(s) of field personnel present 
• Weather and flow conditions 
• Rain gauge condition 
• Desiccant condition 
• Sample volume (if sampled) 
• Sampler pacing (if sampled) 
• Lower and upper outlet elevation 
• Sample duplicated? (if sampled) 
• Presence of obstructions in system and remedial actions taken 
• Unusual conditions (e.g., oily sheen, odor, color, turbidity, discharges or spills, and land 

disturbances) 
• Modifications of sampling procedures 

 

Equipment Rinsate Blanks 
Equipment rinsate blanks will be collected at the Influent Sampling Station (Figure 5) to verify 
that the automated sampler tubing or bottle is not a source of contamination. At a minimum, 
two equipment rinsate blanks will be collected for this purpose; the first prior to sampling the 
first storm event in any given monitoring year, and the second midway through the monitoring 
year. 
 
Samples will be collected using the following procedure: 
 

1. The sample line will be rinsed with dilute (1:100) Liquinox detergent solution and 
then deionized water in accordance with pre-storm event set-up procedures 
described in the Sampling Procedures section. 

2. A pre-cleaned 20 L glass bottle from the laboratory will be placed in the automated 
sampler. 

3. The sample line will be detached at the point of sample collection and placed in a 
carboy of reagent grade water. 
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4. The sampler will be programmed to draw 20 L of reagent grade water through the 
sampler tubing and into the 20-L glass bottle. 

5. The 20-L glass bottle will then be removed from the automated sampler, placed on 
ice, and submitted to laboratory as a separate (blind) sample. 

 
Once in the laboratory, the water from the 20-L glass bottle will be analyzed for the following 
subset of parameters: 
 

• Total phosphorus 
• Copper, dissolved 
• Zinc, dissolved 
• Nitrite + Nitrate 
• Dissolved Organic Carbon 
• Total Petroleum Hydrocarbons 
• Total Suspended Solids 

 
If any of these parameters are detected in a rinsate blank at concentrations greater than 2 times 
the reporting limit, the sampling lines for all automated samplers will be cleaned or replaced. 
Protocols for cleaning sampling lines will be reviewed and augmented if necessary, to target 
contamination from the specific pollutant detected in the rinsate blank. Finally, the laboratory 
will be contacted to evaluate the adequacy of bottle cleaning procedures. 

Distribution System Checks 
As described in the Experimental Design section, stormwater from the cistern (Figures 4 and 5) 
will be routed via gravity flow or pumped to the Influent Sampling Station (Figure 5) and 
individual bioretention cells during testing related to the bioretention cell research. In either 
case, weir boxes constructed at the water surface elevation inside the cistern will distribute flows 
evenly to each bioretention cell, with one distribution line bypassing the bioretention cells and 
terminating at the Influent sampling station. Using this design, influent flows and chemistry for 
all the bioretention cells will be generalized based on representative data that are collected at 
the Influent sampling station. 
 
To verify that flow and chemistry data collected at the Influent sampling station are indeed 
representative of the influent entering each of the bioretention cells, the following checks will be 
performed: 
 

• Weir box elevation checks 
• Influent sampling station and bioretention cell flow checks 
• Influent sampling station and bioretention cell chemistry checks. 

 
 Each of these checks is described in more detail in the following subsections. 
 
Weir Box Elevation Checks 
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To ensure there is an even distribution of flow to each bioretention cell and the Influent 
sampling station, the height of the weir boxes will be checked on a monthly basis during the 
first year of monitoring to assure they are at the same elevation. In all subsequent years of 
monitoring, the height of the weir boxes will be checked on a quarterly basis at a minimum. If 
the cistern must be entered to perform these checks, monitoring personnel will follow all 
required safety procedures for confined space entry. 
 
Influent sampling station and Bioretention cell Flow Checks 
To verify there is an even distribution of flow to each bioretention cell and the Influent sampling 
station, manual measurements of flow will be made at each bioretention cell during storm 
events and compared to the flow measured at the Influent sampling station. Flow measurements 
at each bioretention cell will be made by recording the amount of time it takes to collect a 
known volume of water from the inlets to each bioretention cell. These data will then be 
compared to the flow recorded by the automated equipment at the Influent sampling station at 
the corresponding date and time. Modifications to the flow distribution system may be 
considered if these measurements show the flow at an individual bioretention cell deviates by 
more than 25 percent from the flow measured at the Influent sampling station. 
 
Influent sampling station and Bioretention cell Chemistry Checks 
To verify the chemistry data from the Influent sampling station are sufficiently representative of 
the influent to each of the bioretention cells, grab samples for total suspended solids (TSS) and 
Total Phosphorous will be simultaneously collected from the Influent sampling station and one 
randomly selected bioretention cell during at least three storm events. The results from each 
location will then be compared and evaluated for inconsistencies. Total suspended solids was 
specifically selected for these checks because it is expected to be strongly influenced by 
differential settling within the respective distribution systems for the Influent sampling stations 
and bioretention cells. Dissolved zinc was also selected as a representative parameter for 
evaluating differences in dissolved constituent concentrations between the Influent sampling 
station and bioretention cells. Modifications to the flow distribution system may be considered if 
these measurements show the concentrations at each bioretention cell deviate by more than 35 
percent from the flow measured at the Influent sampling station. 

10.2 Laboratory QC Required 
Quality control procedures that will be implemented in the laboratories are described in the 
following subsections. The frequency and type of quality control samples to be analyzed by the 
laboratories are also summarized in Table 9.5. 

Method Blanks 
Method blanks consisting of de-ionized and micro-filtered pure water will be analyzed with 
every laboratory sample batch. A laboratory sample batch will consist of no more than 20 
samples and may include samples from other projects. The total number of method blanks 
anticipated for this study are shown in Tables 9.5 by parameter. Blank values will be presented in 
each laboratory report. 
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Control Standards 
Control standards for each parameter will be analyzed by the laboratory with every sample 
batch. A laboratory sample batch will consist of no more than 20 samples and may include 
samples from other projects. The total number of control standards anticipated for this study is 
shown in Tables 9.5 by parameter. Raw values and percent recovery (see formula in the Quality 
Objectives section) for the control standards will be presented in each laboratory report. 

Matrix Spikes 
For applicable parameters, matrix spikes will be analyzed by the laboratory with every sample 
batch. A laboratory sample batch will consist of no more than 20 samples and may include 
samples from other projects. The total number of matrix spikes anticipated for this study is 
shown in Table 9.5 by parameter. Raw values and percent recovery (see formula in the Quality 
Objectives section) for the matrix spikes will be presented in each laboratory report. 

Laboratory Duplicate Split Samples 
Laboratory split-sample duplicates for each parameter will be analyzed for specifically labeled 
QA samples submitted with every sample batch. This will represent no less than 10 percent of 
the project submitted samples. The total number of laboratory duplicates anticipated for this 
study is shown in Table 9.5 by parameter. Raw values and relative percent difference (see 
formula in the Quality Objectives section) of the duplicate results will be presented in each 
laboratory report. 

Churn Splitter Rinsate Blanks 
Rinsate blanks will be collected from the churn splitter used to process samples for this study in 
order to verify it is not a source of contamination. At a minimum, two rinsate blanks will be 
collected for this purpose; the first prior to sampling the first storm event in any given 
monitoring year, and the second midway through the monitoring year. Each rinsate blank will be 
collected from churn splitter after it has been cleaned in accordance with standard laboratory 
procedures. The rinsate blanks will be analyzed for the following subset of parameters: 

• Total phosphorus 
• Copper, dissolved 
• Zinc, dissolved 
• Nitrite + Nitrate 
• Dissolved Organic Carbon 
• Total Petroleum Hydrocarbons 
• Total Suspended Solids 
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10.3 Corrective Action 
Data from the lab and the field will be reviewed by all project personnel once every month to 
identify errors in instrumentation installation, sensor drift, sensor malfunction, and other issues 
that could water quality, quantity, and plant metrics. Corrective action in the form of sensor 
maintenance, repair, reinstallation, or simple cleaning will then be flagged for follow up 
corrective action. Options for corrective action might include: 

1. Retrieving missing information 
2. Re-calibrating the measurement system 
3. Re-analyzing samples (must be done within holding time requirements) 
4. Modifying the analytical procedures 
5. Collecting additional samples or taking additional field measurements 
6. Qualifying results  
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11.0 Data Management Plan Procedures 

11.1 Data Recording & Reporting Requirements 
Data from all dataloggers will be remotely uploaded on a 20-minute basis. The hydrologic data 
from each monitoring station, soil moisture, and rainfall data, will be imported into a database 
for subsequent analysis and archiving purposes. These data will be checked every week for 
evidence of an equipment malfunction or other operational problem. Gaps in flow data may 
need to be interpolated; if this occurs, data will be stored and presented in a manner that makes 
it clear which data are from measurement, and which have been interpolated. The database also 
will be used to produce event based hydrologic summary statistics (e.g., station runoff volume, 
storm precipitation total, storm duration) for each applicable station. These summary statistics 
will ultimately be stored in a Microsoft Excel database with other water quality data collected 
through the project (see description below). 

11.2 Electronic Transfer Requirements 
All data will be transmitted from individual flow gages, soil moisture sensors, and rain gage, via 
wireless ethernet from the location of the instrumentation, to a central computer located in a 
nearby building. Data uploads will occur on a 20-minute basis and will be logged locally on 
dataloggers in case there are interruptions in network connectivity. 

11.3 Laboratory Data Package Requirements 
The laboratory will report the analytical results within 30 days of receipt of the samples. The 
laboratories will provide sample and QC data in standardized reports that are suitable for 
evaluating the project data. These reports will include all raw data including results from QA 
samples, and all QC results associated with the data. The reports will also include a case 
narrative summarizing any problems encountered in the analyses, corrective actions taken, 
changes to the referenced method, and an explanation of data qualifiers. Laboratory analytical 
and QA results will be delivered from the laboratory in both electronic and hardcopy form. 
Electronic data deliverables (EDDs) that are received from the laboratory will be imported 
directly into the database to prevent data entry errors. For data that must be entered manually, 
the project Quality Assurance Coordinator will perform an independent review of the data entry 
to ensure that sample values were transcribed without error. Results from these reviews will be 
documented on standardized forms. 
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11.4 Procedures for Missing Data 
1. Missing data will be filled in when appropriate through interpolation techniques such 

linear or spline fitting to fill in the gaps. However, data missing over a 24-hour period 
is unlikely to be suitable for this type of gap filling. When appropriate, missing 
climatic data can be filled in using data from other proximal weather stations. 

2. All missing data will be coded appropriately to show that the data are “filled” 
through interpolation or matching from local sensors. 

3. Missing data will be reported with results. 

11.5 Acceptance Criteria for Existing Data 
No existing data will be used 

 

11.6 Environmental Information Management (EIM) Data Upload 
Procedures 
Data will not be uploaded to EIM. The final data package will be sent to Ecology’s SAM 
coordinator.  
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12.0 Audits 
Audits will be performed to detect potential deficiencies in the hydrologic and water quality 
data collected for this project. Audits of hydrologic data will occur following each storm event. In 
connection with these audits, 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 specifically include an examination of the 
data record for gaps, anomalies, or inconsistencies between the discharge measurements 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. In addition, sample collection and 
hydrologic data will be reviewed to assess whether MQOs have been met. 

In the event that QA issues are identified based on these audits, measures will be taken to 
troubleshoot the problem(s) and to implement corrective actions if possible. Corrective actions 
will be documented in the database for the hydrologic data and in a flow QA memorandum, 
which will be included in the final report. 

Audits performed for water quality data will occur within 7 business days of receiving results 
from the laboratory. This review will be performed to ensure that all data are consistent, correct, 
and complete, and that all required QC information has been provided. Specific QC elements for 
the data and raw data will also be examined to determine if the MQOs for the project have been 
met. Results from these audits will be documented in QA worksheets that will be prepared for 
each batch of samples. 

In the event that a potential QA issue is identified through these audits, the program lead will 
review the data to determine if any response actions are required. Response actions in this case 
might include the collection of additional samples, reanalysis of existing samples if not yet past 
holding time or advising the laboratory that methodologies or QA/QC procedures need to be 
improved. 

12.1 Technical System Audits 
Audits of the technical system include: 
1. Verifying that field staff are following the SOPs for sensor maintenance, sensor 

calibration, and field measurements (plant metrics) 
2. Verify the data management procedures are followed including field data recording. 
 
 

12.2 Proficiency Testing  
ARI labs have a well proven track record of proficiency – we will therefore not carry out 
proficiency testing of this lab. 



 

12/16/2019  P a g e  | 51 

13.0 Data Verification and Usability Assessment 
Data verification will be performed by WSU to determine the quality of the compiled data. This 
process involves a detailed examination of the associated quality control results to determine if 
the MQOs specified in the Quality Assurance section have been met. The specific procedures 
that will be used to verify and validate hydrologic and chemistry data are described in the 
following sections. 

13.1 Field Data Verification 
The verification process for hydrologic data will involve the following steps: 

1. Precipitation data from 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 data from each tipping bucket flow gauges 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. The available soil moisture data from each soil moisture sensor will be verified based on 
comparisons of soil moisture variations associated with individual natural and synthetic 
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. 

4. Metrics of plant growth and weeding effort will be reviewed to identify significant changes 
over short periods to ascertain if those metrics reflect real world conditions or if they are 
errors in measurement.  

5. Results from field calibration checks (see Quality Assurance section) will be reviewed to 
determine if specific MQOs for the hydrologic data have been met (see Quality Objectives 
section). 

6. If minor quality assurance issues are identified in any portion of the discharge, soil 
moisture, or plant metrics record, 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. 

13.2 Laboratory Data Verification 
Water quality data obtained for the study will be reviewed by WSU Quality Assurance 
Coordinator to verify that all samples were collected in accordance with the procedures 
identified in this QAPP and that all required quality assurance/quality control (QA/QC) 
information was provided by the laboratory. The Quality Assurance Coordinator will then 
examine the data to determine if there were any errors or emissions. Finally, the Quality 
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Assurance Coordinator will validate the data by comparing the laboratory quality QA/QC results 
to the specific MQOs that were established for the study (see Quality Objectives section). 

For water quality data, each flow-weighted composite sample is interpreted to represent the 
mean concentration for the sampled storm event. However, flow gauge or laboratory error can 
lead to compromised data which is not representative of the target population (i.e., the true 
flow- weighted mean concentration of the targeted storm hydrograph). Therefore, the water 
quality data collected for this study will be labeled with unique quality assurance flags for both 
laboratory and field data QA issues. Table 13.2 presents the flagging scheme that will be used in 
reports produced for this project. Again, estimated values may be used for evaluation purposes, 
while rejected values will not be used. 

Table 13.2: Data qualifiers and definitions for water quality parameters. 
Data 

Qualifier 
 

Definition 
 

Criteria for Use 
J Value is an estimate based on analytical 

results. 
MQOs for field duplicates, laboratory duplicates, 
matrix spikes, laboratory control samples, holding 
times, or blanks have not been met. 

R Value is rejected based on analytical 
results. 

Major quality control problems with the 
analytical results. 

j Value is an estimate based on storm 
sampling criteria. 

Hydrograph is compromised from gage error but is 
still deemed an adequate estimate. 

r Value is rejected based on storm 
sampling criteria. 

Hydrograph is compromised from gage error and 
has rendered the EMC non-representative. 

Jj Value is an estimate based on analytical 
results and storm sampling criteria. 

Analytical and storm sampling criteria have not been 
met, but data is still usable. 

Jr Value is an estimate based on analytical 
results and rejected based on storm 
sampling criteria. 

Analytical criteria have not been met but data still 
usable; Hydrograph is compromised from gage 
error and has rendered the EMC non- 
representative. 

U Value is below the reporting limit. Based on laboratory method reporting limit. 
UJ Value is below the reporting limit and is 

an estimate based on analytical results. 
Based on laboratory method reporting limit; 
MQOs for analytical results have not been met. 

Ur Value is below the reporting limit and is 
rejected based on storm sampling criteria. 

Based on laboratory method reporting limit; 
Hydrograph is compromised from gage error and 
has rendered the EMC non-representative. 

Uj Value is below the reporting limit and 
is an estimate based on storm 
sampling criteria. 

Based on laboratory method reporting limit; 
Analytical and storm sampling criteria have not been 
met, but data is still usable. 

EMC: event mean concentration  
MQO: measurement quality objective 
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The following sections describe in detail the data verification procedures for these specific 
quality control elements: 

• Completeness 
• Methodology 
• Holding times 
• Blanks 
• Reporting limits 
• Duplicates 
• Matrix spikes and matrix spike duplicates 
• Calibration and control standards 

Completeness 
Completeness will be assessed by comparing reviewed sample data with the data collection 
goals identified in this QAPP. Completeness will be calculated by dividing the number of valid 
values by the total number of expected values. Additional samples may be collected if 
completeness does not meet the specified MQO in the Quality Objectives section. 

Methodology 
Methodologies for analytical procedures will follow U.S. EPA approved methods specified in 
Tables 10 and 11. Field procedures will follow the methodologies described in this quality 
assurance project plan. Any deviations from these methodologies must be approved by Ecology 
and documented in an addendum to this QAPP. The project database will include a field for 
identifying analytical method. Deviations that are deemed unacceptable will result in rejected 
values (R or r). 

Holding Times 
Filtration and analysis dates and times will be reported by the laboratory. Holding times will be 
assessed by comparing the filtration and analysis dates and times to the sample collection dates 
and times. For flow weighted composite samples, the sample collection date and time will be 
defined based on the data and time the last sample aliquot was collected. 

The following guidelines will be applied when evaluating analysis holding times for parameters 
with holding times in excess of 5 days: 

• Data from samples that exceed the specified maximum post-filtration holding times by 
less than 48 hours will be considered estimates (J) 

• Data from samples that exceed the maximum post-filtration holding times by more than 
48 hours will be rejected values (R) 

  

The following guidelines will be applied when evaluating holding times for parameters with 
holding times that are less than 7 days: 
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• Data from samples that exceed the specified maximum post-filtration holding times by 
less than 24 hours will be considered estimates (J) 

• Data from samples that exceed the maximum post-filtration holding times by more than 
24 hours will be rejected values (R) 

Method Blanks 
Method blank values will be compared to the MQOs that have been identified for this project 
(see Table 6.1). If an analyte is detected in a method blank at or below the reporting limit, no 
action will be taken. If blank concentrations are greater than the ½ of the reporting limit, the 
associated data will be labeled with a B (in essence increasing the reporting limit for the affected 
samples), and associated project samples within five times the de facto reporting limit will be 
flagged with a J (G. Grepogrove, Manchester Laboratory, personal communication, September 4, 
2007). In each of these cases, the de facto reporting limit for that analyte will be recorded along 
with the raw data, equipment will be decontaminated, and samples will be rerun if possible. 

Rinsate Blanks 
Rinsate blank values for total phosphorus, orthophosphorus, and total and dissolved copper and 
zinc, and total suspended solids will be compared to the MQOs that have been identified for this 
project (see Table 6.1). If metals or phosphorus are detected in the rinsate blanks at 
concentrations that exceed two times the reporting limit, then associated sample tubing will be 
cleaned or replaced and associated samples collected since the previous rinsate blank that are 
within five times the new reporting limit will be flagged with a J. At the monitoring stations 
where corrective actions (e.g., replacement or cleaning of sample tubing) were taken, a follow-
up rinsate blank will be collected and analyzed for any parameters exceeding two times the 
reporting limit. 

Reporting Limits 
Both raw values and reporting limits will be presented in each laboratory report. If the proposed 
reporting limits are not met by the laboratory, the laboratory will be requested to reanalyze the 
samples and/or revise the method, if time permits. Proposed reporting limits for this project are 
summarized in Tables 9.2. 

Duplicates 
Duplicate results exceeding the MQOs for this project (see Quality Objectives section) will be 
recorded in the raw data tables and noted in the quality assurance worksheets (see example in 
Appendix F); and associated values will be flagged as estimates (J). If the objectives are severely 
exceeded (e.g., more than twice the objective), then associated values will be rejected (R). 

Matrix Spikes 
Matrix spike results exceeding the MQOs for this project (see Quality Objectives section) will be 
noted in the quality assurance worksheets (see example in Appendix F), and associated values 
will be flagged as estimates (J). However, if the percent recovery exceeds the MQOs and a value 
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is less than the reporting limit, the result will not be flagged as an estimate. Non-detected values 
will be rejected (R) if the percent recovery is less than 30 percent. 

Control Standards 
Control standard results exceeding the MQOs for this project (see Quality Objectives section) 
will be noted in the quality assurance worksheets (see example in Appendix F), and associated 
values will be flagged as estimates (J). If the objectives are severely exceeded (e.g., more than 
twice the objective), then associated values will be rejected (R). 
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13.3 Data Usability Assessment 
Based on the results from the processes described in the Data Verification section, the Quality 
Assurance Coordinator will prepare annual Data Quality Assurance Memoranda 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. Specific QA information that 
will be noted in each data validation memorandum is as follows: 

• Changes in 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 (if any) on decision-making 
• Limitations on use of the measurement data 

 

These Data Quality Assurance Memoranda will establish the usability of data and will be 
included as an appendix to data reports (see Audits and Reports section) that are prepared for 
each water year. 
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14.0 Data Analysis Methods 
The sections below present data analysis procedures that will be used to compare the growth of 
plants, weeding effort, flow control and water quality treatment performance of three mulch 
types that will be evaluated through this study (see Project Description section).  

14.1 Data Analysis Methods 
All data analyses will be performed using open source software (R Core Team 2019)  

Effects of mulch on plant and weed growth 
The null hypothesis that will be tested is that there are no differences in plant growth metrics or 
weeding effort in bioretention cells with a mulch type, compared to bioretention cells without 
mulch. An additional null hypothesis that weeding effort and plant growth metrics are similar 
across all three mulch types. Testing for statistical significance will be effected using the non-
parametric Mann-Whitney-Wilcoxon test, with metrics of plant growth and weeding effort 
treated as a dependent variables, and mulch type as an independent variable. All statistical 
testing will be evaluated at the 𝑎𝑎 = 0.05 level of significance.   

Effects of mulch on water quantity or flow control 
The null hypothesis that will be tested is that there are no differences in average monthly soil 
moisture, peak outflow rate, and total outflow volume from bioretention cells with a mulch type, 
compared to bioretention cells without mulch. An additional null hypothesis that will be tested is 
that peak outflow rate, and total outflow volume are similar across all three mulch types. Testing 
for statistical significance will  use non-parametric Mann-Whitney-Wilcoxon test, with soil 
moisture, peak outflow rate, and total outflow volume treated as dependent variables, and 
mulch type as an independent variable. All statistical testing will be evaluated at the 𝑎𝑎 = 0.05 
level of significance. 

Effects of mulch on water quality treatment 
The null hypothesis that will be tested is that there are no differences in median pollutant 
removal efficiency for a particular analyte in bioretention cells with a mulch type, compared to 
bioretention cells without mulch. An additional null hypothesis that will be tested is that the 
median pollutant removal efficiency for a particular analyte is similar across all three mulch 
types. 

The reduction (in percent) in pollutant concentration during each individual storm (ΔC) will be 
calculated as: 

∆𝐶𝐶 = 100 × 
(𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝑜𝑜𝑜𝑜𝑓𝑓 )

𝐶𝐶𝑖𝑖𝑖𝑖
 

Where:  
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Cin = Flow-weighted influent pollutant concentration 
 Cout = Flow-weighted effluent pollutant concentration 
 

Testing for statistical significance will be affected using the non-parametric Mann-Whitney-
Wilcoxon test, with soil moisture, peak outflow rate, and total outflow volume treated as 
dependent variables, and mulch type as an independent variable. All statistical testing will be 
evaluated at the 𝑎𝑎 = 0.05 level of significance. 

14.2 Data Presentation 
Chemical and hydrologic data for mulch effectiveness will be presented in a combination of 
tables, charts, and graphs in the final reports to illustrate trends, relationships, and anomalies 
with the data.  
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15.0 Reporting  
Study findings will be sent to the SAM project manager in the form of a draft fact sheet and final 
report, which will explain the results for stormwater managers, NPDES permit coordinators, and 
others involved in stormwater management. In addition, two presentations will be created to 
share findings of the project with stormwater managers, including a presentation to the 
Stormwater Workgroup and one regional stormwater conference/workshop.  

15.1 Final Reporting 
A draft report will be submitted to the SAM Project Manager and to the Technical Advisory 
committee for review. A final report will be compiled based on feedback of the draft report, 
presenting all data collected, analysis results, and major study conclusions. The report shall 
include all monitoring data collected during study period. The reports will be submitted in both 
paper and electronic form (PDF) and include the following specific information: 

• Results from hydrologic monitoring performed in connection with each bioretention cell 
• Results from water quality and soil sampling performed in connection with each 

bioretention cell 
• Graphical and tabular summaries for the collected data 
• Results from any statistical analyses that are performed on the data 
• Major conclusions from monitoring performed over the water year 
• Appendices with tabular compilations of all raw monitoring data, field data sheets, 

laboratory analytical reports, chain of custody documentation, and the Data Quality 
Assurance Memorandum (see Data Quality Assessment section) 

 

15.2 Dissemination of Project Documents 
All project documents including this QAPP will be hosted electronically on the SAM website 
[https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-
monitoring/Stormwater-Action-Monitoring] and the Washington Stormwater Center’s website 
[https://www.wastormwatercenter.org/]. 

  

https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-monitoring/Stormwater-Action-Monitoring
https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-monitoring/Stormwater-Action-Monitoring
https://www.wastormwatercenter.org/
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17.0 Appendices 
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APPENDIX 1 
 

 

Standard Operating 
Procedures (SOP) 
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WSU PUYALLUP LID RESEARCH PROGRAM 

Bioretention Cell WQ Sampling SOP:  

Sampling procedures for sampling influent and effluent from bioretention cells and Influent 
sampling station 

Purpose 

The standard operating procedures below are setup, sampling and transport guidelines 
necessary for consistent sampling and achieve quality assurance goals. 

Materials 

• Auto samplers (17). 

• 20 liter auto sampler bottles (17). 

• 20 liter bottle slings (17). 

• Batteries (17). 

• Clear Teflon-lined auto sampler tubing with quick connects (17). 

• Pre-labeled amber glass bottles 500ml (2each treatment) (34). 

• ??. 

• Nitrile latex cloves. 

• 6, 88 kg bags of ice for ISCO bases. 

• Ice hammer. 

• Parafilm for securing intakes tubes to reservoir ports 

• Garbage cans, lids and straps for garbage can lids (17). 

 

Preparation 

•  Plan synthetic storms around natural storm forecasts. 

• Prepare/wash auto sampler bottles, caps and clear Teflon-lined tubing. 

• Label bottles with the following: 
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• Sample log number. 

• Treatment cell identification number (e.g., meso 35). 

• Treatment cell sampling location (mid-drain: MD or under-drain: UD). 

• Date of sample collection (year/month/day: yyyy/mm/dd). 

• Time of sample collection (international format [24 hour]). 

• Field personnel names. 

• Alert labs to proposed sampling schedule (Analytical Resources Inc. 206-695- 6200 and 
Spectra lab (253-272-4850). 

• Check weather station rain gauges for debris. 

• Check tipping buckets and drains for debris. 

• Place locks and cables at each station. 

• Place auto samplers, 20 L bottles, intake tubes and batteries at sampling stations. Do not 
place bottle caps or other sampling gear directly on gabion wire (Zn 
contamination). Sampler top can be placed on gabions and sampling gear placed in 
sampler top. 

• Place bottles in in slings and in samplers with lid on. 

Place about 1/3 bag of ice in each sampler base. Ice should be placed around bottle no more 
than 24 hours before event with the goal of keeping sample temperatures 

≤ 6 degrees C during sampling period. 

With gloves on remove bottle lid, place lid in Tupperware container and place ISCO midsection 
on and secure. Do these steps before placing batteries or suction lines. Do not touch rim or 
inside of sampling bottles. 

Place batteries and attached to power cable (pay close attention to attaching the correct 
wires to battery terminals…i.e. red to positive terminal). 

Attach signal cable. 

With gloves: 

Connect Teflon-lined sampling tube to auto sampler and secure other end in under-drain 
reservoir with parafilm. 
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Start sampler program. 

Initiate sampler and program pacing. 

Sampler pacing will be based on the collection of at least 38, 400 milliliter aliquots covering at 
least 75% of the storm’s runoff volume for the first 24 hours of the event. 
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Sample collection 

Rinsate blanks: collect rinsate blanks twice annually at Influent sampling station (once at the first 
storm event of the monitoring year and once midway through the monitoring year). Bottles 
should be labeled QA1, QA2…etc. and a crosscheck of sample station and sample type 
maintained by field personnel. 

• With gloves, place Influent sampling station auto sampler line in carboy of reagent grade 
water. 

• Program sampler to draw 10 liters of reagent grade water into the sampler’s 20 liter glass 
bottle. 

• Place bottle on ice and deliver to lab with other samples as separate blind sample. 

• Remove ISCO lid and mid-section. 

• Record pH before replacing sample bottle lid. 

• Replace sample bottle lid and weigh samples. 

• Deliver bottles to lab immediately in covered garbage cans with ice to level of sample. 

• Alert ARI receiving that dissolved metals must be slit and filtered immediately and with 
ortho-phosphate. 

• Split samples. 

A minimum of 39 aliquots constitutes an acceptable sample for the full complement of analytes. 

A minimum of 15 L is necessary to perform analysis on the full complement of analytes. 
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Synthetic Storm Setup  
 

EMC Dosing Total Flow to MS for all flow going to Bioretention cells. This is controlled by 
closing all outlet valves on RG Cistern. Note: we are Dosing with Flow going to both RG and MS 
so all valves are open on outside of both MS and RG  cisterns as well as Valves at pump labeled 
to and from MS and RG ( only valve closed at pump is one labeled to MS distribution ring).  

DOSING BIORETENTION CELLS  

Go to either:  

PrcFS>LID>Station5 (Bioretention cell)>Dosing>Dosing>EMC DOSING FLOW to MS & RG.xlxs for 
2014-2015 Water year.  

PrcFS>LID>Station5(Bioretention cells)>Dosing>Dosing>EMC Dosing Total flow to MS  

Open each analyte worksheet labeled Phos; NO3-N; NH3-N; Cd; Cr; Cu; Pb; Zn.  

Follow directions at top of page:  

DOSING RATES FOR BIORETENTION CELLS  

 Find predicted Rainfall Row 7 then in same column on row 13 Enter the Target Event Mean 
Concentration (EMC)  in cells colored blue. This will populate cell highlighted in Yellow, which 
will give amount of STD solution of each analyte to add to Cisterns. ** Before Dosing Turn on 
pump put Main breaker switch in up position then turn lower switch to Manual and let water 
circulate for at least 30min. Check and remove any debris on weirs or floating in tank. Take 
PreDose Samples 4ea. 500ml amber bottles 2 for PAH and 2 for Motor oil. Remove caps invert 
bottles and submerge into tank tip bottles upright below water surface remove bottles when 
completely full. Next fill PreDose container using cistern water rinsed pitcher; then dip water 
from as far as you can reach out into cistern and fill PreDose container as full as possible. Put all 
samples on ice and into cooler behind Allmendinger.  

Before Storm turn on pump 30 minutes before adding Dosing then add ½ of Total dosing 
amount to each Cistern. Add 200g Sil-Co-Sil (TSS) to each MS weir box just under V notch, leave 
out any MS not sampling (MS15,24,34,42). Leave pump on an additional 30 minutes to circulate 
after dosing. Then turn Manual switch to Auto. Go up to Lab and connect to LoggerNet Station 
6 open Numeric Table one and change Pump Master Switch from False to True. 
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Setting Computer Pacing  

In lab’s Storm Setup and Programming binder. Follow instructions under Bioretention cell 
Storm Setup Operating Procedure  

 

 

 

 

 

 

 

Circulation 
Valves to 
and from 
RG & MS  

     Weir Box 
Place  Sil-co-
Sil  (TSS)  
Here  

MS Ring Valve  
Always closed 

Catch Basin 
Valve to 
isolate MS 
Cistern Drain 
Valve RG cistern 
can’t be isolated: 
Isolate flow to RG by 
closing individual RG 
valves 
 
 

Pump Breaker Box 
Main Breaker 
switch 
Manual/Auto 
switch 
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APPENDIX 2 
 

 

Example Data Collection 
Forms 



 

 

Sampling Event Checklist: Bioretention Cells 
Date:  Time:  

Personnel:   

Weather:   

Cell phone on and accessible:      
 

Weather Station (station 1) 
Rain gauge (elevated)  Clean screens  Check gauge level  Level gauge 

Rain gauge (ground)  Clean screens  Check gauge level  Level gauge 

Precipitation  Predicted  Recorded   

Anemometer  In place and intact  Check wiring   

Pyranometer  In place and intact  Check wiring   

Humidity  In place and intact  Check wiring   

Solar panel  In place and intact  Check wiring   

Battery  Volts  Check wiring   

Change desiccant  Yes  No   

Instruments recording  Yes  No   

 
 

Bioretention Cells (station 6): tipping buckets and datalogger 
Tipping Buckets  Clear of debris  Level   

Tipping bucket drain  Clear of debris     

Battery  Volts     

Change desiccant  Yes  No   

Datalogger  Pacing  Manual start  Start of flow 

Cistern pump  Pump breaker switch on  Pump on auto   



 

 

Bioretention Cells (station 6): samples 

Cell 101 102 103 104 201 202 203 204 

Samplers 
        

Sample ID 
        

Time bottle placed and iced 
        

Clean reservoirs 
        

Control cable connected 
        

Sampler on 
        

# of samples (sample count) 
        

# of samples (pulse count) 
        

Sample volume collected (bottle) 
        

 
Sample pH 

        

 

Begin sample date/time 

        

 
 

End sample date/time 

        

Sample error(s) 
        



 

 

Bioretention Cells (station 6): samples 
Cell 301 302 303 304 401 402 403 404 INF 

Samplers 
         

Sample ID 
         

Time bottle in place and iced 
         

Clean reservoirs 
         

Control cable connected 
         

Sampler on 
         

# of samples (sample count) 
         

# of samples (pulse count) 
         

Sample volume collected (bottle) 
         

Sample pH 
         

 

Begin sample date/time 

         

 
End sample date/time 

         

Sample error(s) 
         



 

 

Notes:   
 
 
 
 
 

 

Signature:   

 



 

 

WSU Puyallup LID Research Program 

 
Bioretention cell SOP: Influent sampling station and bioretention cell chemistry check 
 
Personnel:  ____________________________________________________________  
 
Date:  ____________________________  Time:  _____________________________  
 
 
Weather conditions: ____________________________________________________  
 
 
Purpose  
 
The purpose of this distribution check is to confirm that the chemistry data from the Influent sampling station are 
sufficiently representative of the influent chemistry to each bioretention cell.   
 
Procedure 
• With gloves two field staff will simultaneously collect grab samples from the Influent sampling station and one 

randomly selected bioretention cell. 
• Grab samples will be collected in washed glass bottles. Volume required: 1500 milliliters. 
• Record time required to collect approximately 1500 milliliters and flow rate from both stations (determine 

exact volume by weighing).  
• Place samples on ice immediately, deliver to lab and complete chain of custody. 
• The grab samples will be collected for a least five storm events during each monitoring year. 
 
 
Record bioretention cell identification, identification for both samples and flow rate. 
 
Influent sampling station  
Flow rate: ______________________________________________________________  
Sample ID: _____________________________________________________________  
Photo #/ID: ____________________________________________________________  
Notes: ________________________________________________________________  
 _____________________________________________________________________  
 
 
Bioretention cell ID: ______________________________________________________  
Flow rate: ______________________________________________________________  
Sample ID: _____________________________________________________________  
Photo #/ID: ____________________________________________________________  
Notes: ________________________________________________________________  
 _____________________________________________________________________  
 
 
 
 
 1 of 2 
  



 

 

Miscellaneous notes 

 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 _____________________________________________________________________  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2 of 2 
  



 

 

Monthly Plant Metrics 

 



 

 

  



 

 

APPENDIX 3 
 

 

Equipment Specification Sheets 
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APPENDIX 4 
 

 

Chain of Custody Forms 
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Figure A-1. COC form for Analytical Resources, Inc. 
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QAPP Template References 
 
1. Ecology, Technical Guidance Manual for Evaluationg Emerging Stormwater Treatment 

Technologies. 2011: Olympia. 
2. EPA, Guidance on Systematic Planning Using the Data Quality Objectives Process. 2006: 

Washington, D.C. p. 120. 
3. Guba, E.G., Criteria for assessing the trustworthiness of naturalistic inquiries. ECTJ, 1981. 

29(2): p. 75-91. 
4. Ecology, Guidelines for Preparing Quality Assurance Project Plans for Environmental 

Studies. 2004, Washington State Department of Ecology: Olympia, WA. 
5. Erickson, A.J., P.T. Weiss, and J.S. Gulliver, Optimizing Stormwater Treatment Practices. 
6. United States Environmental Protection Agency, E., Guidance for Quality Assurance 

Project Plans. 2002, United States Environmental Protection Agency: Washington, DC. 
7. Technical Guidance Manual for Evaluationg Emerging Stormwater Treatment 

Technologies. 2011: Olympia. 
8. EPA, Guidance on Environmental Data Verification and Data Validation, in U.S. 

Environmental Protection Agency Quality System Series. 2002: Washington, DC. 
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