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Abstract

This Quality Assurance Project Plan (QAPP), prepared by City of Tacoma with assistance from Anchor
Environmental LLC, describes management of the menitoring studies required under Section S8 of the
Phase | Municipal Stormwater Permit, permit number WAR04-4003.

The permit, issued by the Washington Department of Ecology on January 17, 2007 with an effective date
of February 16, 2007, under the National Pollutant Discharge Elimination System (NPDES) and State
Waste Discharge General Permit for discharges from Large and Medium Municipal Separate Storm
Sewer Systems (MS4) (Ecology 2007), requires three types of monitoring under section S8:

S$8D: Stormwater characterization — field monitoring which is intended to characterize
stormwater runoff quantity and quality to allow analysis of loadings and changes in conditions
over time and generalization across the Permittees’ jurisdiction.

SBE: Program effectiveness - monitoring which is intended to improve stormwater management
efforts by evalualing at least two stormwater management practices that significantly affect the
success of or confidence in stormwater controls.

S8F: BMP Effectiveness - full-scale field menitaring to evaluate the effectiveness and operation
and maintenance requirements of stormwater treatment and hydrologic management BMPs
applied in their jurisdiction.

This QAPP is the first of four that will be submitted to the Washington Department of Ecology (Ecology) to
meet the permit requirements of Section S8. Three other QAPPs will describe site-specific
conditions/procedures for S8D, SBE and S8F. The primary goal of these plans is to define procedures
that assure the quality and integrity of the collected samples, the representativeness of the results, the
precision and accuracy of the analyses, the completeness of the data, and ultimately delivers defensible
products and decisions for monitoring described in Section S8.

This document was developed with guidance from the Department of Ecology, Guidelines for Preparing
Quality Assurance Project Plans for Environmental Studies (Ecology 2004). A crosswalk of relating
Ecology’s QAPP format and EPA's QAPP is presented in Appendix A. A series of Standard Operating
Procedures (SOPs) will be developed as part of a collaboration of regulators, permittees and academics
and will be used to provide guidance to users of this plan. The SOP development project is funded by
and includes Ecology’s participation. At a minimum, the SOPs will include,

s« Sample initiation and determining sample submission to the laboratory.

» Flow monitoring

* Automated water sampling

¢ Sediment sampling

The schedule for SOPs includes
¢ Drafts produced and tested during June 2009 (completed)
+ Final SOPs present within Ecology's WQ Department in August 2008 (completed),.
* Final SOPs posted to Ecology's public in October 2009.

If the Collaboration Team SOP development schedule meets the needs of this study, these SOPs will be
adopted. Otherwise, SOPs will be developed independently of the Collaboration Team.

Revision: $8-003 (Final) Revision Date; 08/16/2009



3 BACKGROUND

In July 1995, Ecology issued three NPDES wastewater discharge general permits to regulate
municipal stormwater discharges. These permits required development and implementation of
stormwater management programs to reduce the discharge of pollutants to the maximum extent
practicable. The permits expired on July 5, 2000. The Washington Department of Ecology
(Ecology) administratively extended permit coverage until they issued the revised permit in
January 2007,

Ecology combined the three current general permits for the Island/Snohomish, Cedar/Green,
and South Puget Sound Water Quality Management Areas (WQMA) into a single statewide
general permit. The general permit applies to all entities required to have permit coverage under
current (Phase 1) U.S. Environmental Protection Agency (EPA) stormwater regulations. This
includes cities and unincorporated portions of counties whose populations exceed 100,000. The
1995 Phase | permittees include:

» King County

* Pierce County

* Snohomish County
= Clark County

* City of Seattle

» City of Tacoma

Phase | Secondary Permittees include:

* Port of Seattle
» Port of Tacoma

Ecology intends for the combination of intensive monitoring from all Phase 1 Permittees
throughout the state to provide them with a sufficient data set from which to draw conclusions
about the effectiveness of programs and BMPs on a region-wide basis.

In addition to the Section S8 intensive monitoring, the City of Tacoma currently conducts
stormwater monitoring and source control effectiveness studies. Under EPA’s Superfund
program, contaminated bottom sediments were remediated in Thea Foss and Wheeler-Osgood
Waterways in Tacoma, WA, at a cost of approximately $88M (Tacoma 2008a). Since 2001, seven
outfalls discharging into Thea Foss waterway have been and are sampled to assess stormwater,
baseflow, and stormwater suspended particulate matter (SSPM) (stormwater sediments) quality.
The purpose of the monitoring program is:

To measure effectiveness of Tacoma'’s stormwater management programs
To identify trends in stormwater quality

To provide early warning of new sources

To trace source(s) using sediment traps.

Revision: $8-003 (Final) Revision Date: 08/16/2009



In addition, the City of Tacoma is implementing source control program for the municipal storm
drains entering the Thea Foss and Wheeler-Osgood Waterways to help provide long-term
protection of sediment quality in the waterways (Unilateral Administrative Order dated September
30, 2002, and a Consent Decree with EPA dated May 9, 2003). The City's program is called the
Thea Foss Post-Remediation Source Control Strategy. The Strategy was approved by EPA and
includes the City's existing programs, studies and a decision matrix to identify the need for
additional source controls for each of the seven outfalls and its contributing basin.

Source control evaluations are completed annually for the seven major outfalls discharging to the
waterways. The evaluations include a drain-by-drain assessment and incorporate the review of
ongoing studies, source control investigations, and stormwater and stormwater suspended
particulate matter data for that outfall/basin. The need for additional source controls is driven by
the need to protect post-remediation sediment quality in the waterways from urban contaminants
conveyed in municipal stormwater. This is evaluated using a “weight of evidence” approach with
several lines of investigation, including: the long-term outfall monitoring, computer model
predictions, and post-construction sediment quality monitoring. That is:
¢ Is stormwater quality improving over time?
+ Is Thea Foss sediment quality in compliance with Superfund sediment quality
objectives (SQOs)?
¢ |s Thea Foss sediment quality better or worse than computer model predictions?
Are additional source controls required?

This intensive data collection and evaluation effort has an approximate cost of $500,000 a year.
Additional source control measures that have been completed include cleaning of the entire stormwater
system in four basins.

3.1 The Problem

Stormwater quality is difficult to manage because discharges are not continuous, and storm
events can be unpredictable. Rather, discharges are intermittent and weather-dependent (j.e.,
rainfall and snowmelt). There is a wide range of pollutants in stormwater, and concentrations
vary depending on storm events. Further difficulty in controlling municipal stormwater
discharges comes from the large number of outfalls where stormwater is being discharged.
These features of stormwater runoff make it difficult to apply conventional end-of-pipe treatment
options to existing discharges.

Stormwater management is expensive. Knowledge of pollutant loads and of average event
mean concentrations from representative areas drained by the municipal storm sewer
systems may help Ecology gauge whether the comprehensive stormwater management
programs are making cost-effective progress towards the goal of reducing the amount of
pollutants discharged and protecting water quality in the most cost-effective manner.
Knowledge of BMP effectiveness is needed to provide a feedback loop to Ecology to improve their
knowledge and understanding of the performance of treatment BMPs.

32 StudyArea

The first components of Tacoma's storm drainage system were constructed in the 1880’s. Between
1928 and 1946, "combined” sewer systems were constructed to carry storm drainage and sanitary
sewage. Between 1958 and 1970, Tacoma's Public Works Sewer Utility embarked on a sewer
separation program to eliminate the “combined” sewer systems. As the City grew so did the

Revision: $8-003 {Final) Revision Dale: 08/16/2009



separated drainage system. In 1977, a storm drain utility was formed (Tacoma 1979). Today, City of
Tacoma Public Works Department operates and maintains the drainage systems, which includes
over 440 miles of storm pipe, 10,000 manholes, 18,300 catch basins, and 21 stormwater ponds
(Tacoma 2008b).

The City of Tacoma boundary and its watersheds are shown in Figure 3-1. The three types of
monitoring required under section S8 of the permit will be conducted within the City of Tacoma
boundary.

3.3 Parameters of Concem

Impacts from stormwater are highly site-specific and vary geographically due to differences in
local land use conditions, hydrologic conditions, and the type of receiving water.

There are many pollution sources that may contaminate stormwater, including land use
activities, operation and maintenance activities, illicit discharges and spills, atmospheric
deposition, and vehicular traffic conditions. Many of these sources are not under the direct
control of the municipalities that own or operate the storm sewers. Table 3-1 lists common
stormwater pollutants with related potential sources.

Table 3-1. Common stormwater pollutants and their sources (Ecology 2006, modified).

Pollutant Potential Sources

Arsenic Atmospheric deposilion (ASARCO Smelter, fossil fuel comhbustion)

Cadmium Tire wear, melal piating, balteries

Chromium Metal Plating, rocker amns, crank shafts, brake linings, yellow lane slrip paint

Copper Vehicles (brake pads, thrust bearings, bushings), copper pesticides, atmospheric
deposition from fuel combustion and industrial processes

Lead Motor Oil, fransmission bearings, gasoline

Zinc Vehicies (motor oil, lire wear), galvanized materials {roofing - Aashing, down
spouts, uncoated galvanized roofs, pipes, fencing)

Bacterial/\Viral Agents Domestic animals, septic systems, animal & manure transport

Nutrients Sediments, fertilizers, domestic animals, septic systems, vegetative matter

Cil & Grease Moator vehicles, illegal disposal of used oil

Organic Toxins Pesticides, combustion products, petroleum produds, paints & preservatives,

plasiicizers, solvents
Oxygen Demanding Organics | Vegetative matter, petroleum producis

Sediments Construction siles, stream channel erosion, poorly vegetated kands, slope failure,
vehicular deposilion
Temperature Pavernent runoff, loss of shading along streams

The stormwater quality analytes identified as parameters of concern under S8 by Ecology are
those that have a history of association with stormwater discharges and are found in urban
environments (Table 3-2). Through the permit, Ecology has provided prioritization for analysis
given limited sample volumes.

Revision: $8-003 (Final) Revision Date: 08/16/2009



Table 3-2. Stormwater quality parameters of concern.

5566

Analyte Group

Parameter

Order of priority

All Land
Uses

Industrial/
Commergial |

Total Petroleum Hydrocarbons
(TPH)

Diesel Range Organics (DRO)

Gas Range Crganics (GRO)

1 (grab)

Bacteria

Fecal coliform bacteria

1 (grab)

Conventional

Biological Oxygen Demand (BODs)

Chloride

Conductivity

Hardness

Methylene Blue Activaling Substances (MBAS}

Total Suspended Solids (TSS)

= || ~|N

Turbidity

Metals {dissolved & total)

Cadmium

Copper

Lead

Mercury

Zinc

Nutrients

Nitrale-nitrile

Orthophosphate

Total kjeldahl nitrogen (TKN}

Total phosphorus

Semni-Volatile Organic
Compounds (SVOCs)

Pentachlorophenol {fungicide, wood preservative)

Phthalates

Polycyclic aromatic hydrocarbons (PAHs)

Pesticides, Chlorinated

2,4-D (herbicide)

Dichlobenil (herbicide)

MCPP {herbicide)

Triclopyr (herbicide)

Pesticides, Nitrogen

Prometon (herbicide}

Peslicides,
Omyanophosphorus

Diazinon (insecticide)

Malathion {insecticide)

Chloropyrifos (insecticide)

The sediment analytes identified as parameters of concern by Ecology are those that have a
history of association with stormwater discharges, are found in urban environments, have a
marine sediment quality standard, or that provide necessary support information (e.g., total
organic carbon) (Table 3-3).

Revision: $8-003 (Final)
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Table 3-3. Stormwater sediment Parameters of concern.

Order of priority
All Land | Industrial/
Analyte Group Parameter Uses Commercial Residentlal
Total solids
Conventional Grain size 1
Total organic carbon 2
Cadmium
Copper
Metals Lead 3
Mercury
Zinc
Polycyclic aromatic hydrocarbons (PAHS)
. . . Phthalates . g
Semi-volatile Organic Compounds -
Pentachlorophenol {herbicide} 7 4
Phenolics 5 6
Diazinon (insecticide)
Pesticides, Organophasphorus Malathion (insecticide) 7 4
(Chloropyrifos (insecticide)
Persistent Organic Compounds Palychlorinated biphenyls (PCBs) 6

Revision: S8-003 (Final)
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4 PROJECT DESCRIPTION

In each QAPP, this section will present the goals and objectives of each project; describes project
boundaries, target populations and practical constraints of the study; and specifies the information
and data required to meet that study’s objectives. The following paragraphs present general
information related to stormwater sampling.

4.1 Practical Constraints

The two primary practical constraints to successful study are discussed below and include:

1) 8ampling design assumptions and requirements; and

2) Typical logistical challenges associated with the difficult task of monitering stormwater.

Sampling design — The sampling design permit requirements are very ambitious and assume a
high success rate. Local experience with flow-weighted composite stormwater sampling indicates that
the ability to successfully track and sample storm events is low.

Logistical challenges - The unpredictable nature of storm events poses the greatest logistical
challenge for this study. Only storms of particular depths and intensities will result in qualifying storm
events and successful sample collection. However, the location, timing, duration, magnitude, and
intensity of storm events cannot be forecast with certainty. It is inevitable that during this long
duration and intense monitoring study, sampler programming based on the forecast will result in
unsuccessful sample collection of qualifying storm events when storm intensities and depths
are very different from the forecast for which the sampler was programmed.

Since long-term forecasts have greater uncertainty, mobilization of field staff and equipment setup for
a potential storm-sampling event cannot happen more than two days ahead of a forecasted storm.
During an event, staff must be mobilized to collect grab samples on very short notice and must visit
a set of sites in a relatively short period (2-to-3 hours) in order to collect samples as early in the
event as possible.

Although Standard Operating Procedures (SOPs) will be followed, it is inevitable that during these
intense monitoring studies equipment malfunction and human ermror will result in unsuccessful
sample collection of qualifying storm events. Although sites are selected to minimize safety
concemns, traffic control may be necessary to access the monitoring stations safely. Access may be
necessary during high traffic periods, at night, and/ or during severe weather. These access
conditions pose additional logistical challenges for sample collection.
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5 ORGANIZATION AND SCHEDULE

This section describes the roles & responsibilities of the study team, the study timeline and schedule.

51 Roles & Responsibiities

The team consists of representatives from key groups with a role in data collection or use, and often
those with a critical interest or stake in the problem. This section includes the names, duties, and
responsibilities of all key team participants. This includes intemal and external team members. The
organizational structure is designed to provide project control and proper quality assurance/quality
control {QA/QC) for the field investigation,

The roles of key individuals invoived in the study are provided in Table 5-1. A detailed description of
the lines of authority and reporting between these individuals and organizations is presented in
Figure 5-1 and the responsibility associated with each role is outlined in Table 5-2.

Table 5-1. Study Team contact information.

Role Name Organization Telephone
No.

NPDES Permnit Manager Loma Mauren ESSE SW 253.502.2192
88 Program Manager Dana de Leon ESSE SW 253.502.2109
QA Coordinator Chris Burke ESSEEC 253.502.2247
Field Supervisor Rick Fuller ESSE EC 253.502.2129
Conlract Laboratory PM Chris Getchell ES OPS Laboratory 253.502.2130
Contract Laboratory PM Mary Ann Rempel-Hester Nautilus Environmentai 253, 922.4296

ESSE SW — Environmeantal Services/Science & Engineearing Surface Water
ESSE EC - Environmental Services/Science & Engineering Environmental Compliance
ES OPS Lab - Environmental ServicesMaslewater & Surface Water Maintenance/Operations

In general, the S8 Program Manager is assigned to manage the S8 monitoring program. In
this role, he/she provides technical expertise; coordinates sampling activities with the laboratory
and the field team; and reports the status and results of the study to the NPDES Permit
Manager and with the Ecology Regional Representative.
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Figure 5-1. Organization chart illustrating study organization & lines of communication.
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A description of the detailed responsibility of each role is outline below in Table 5-2.

Table 5-2. Roles & responsibilities

Roles & responsibilities

NPDES Coordinated Monitoring Group The Group attends intermittent meetings for development and review of
standard operating procedures for stormwaler sampling, QA/QC and dala management/evaluation.

Asslstant Divislon Manager Responsible for fiscal resources and personnel. Supervises the assigned study
personnel (scienlists, technicians, and support staff) in providing for Lheir efficient ulifization by directing their efforts either
directly or indirectly on study tasks. In general, other specific responeibilities include: coordinate siudy assignments in
establishing priorities and scheduling, Approves QAPP.

NPDES Permit Manager Coordinates with Ecology representative. Provides siudy/program direction. Approves
QAPP.

Program Manager - Co-Responsible for the development, approval, implementation, and maintenance of the QAPP.
Responsible for: maintaining records of QAPP distribution, including appendices and amendments; maintaining written
records of sub-lier commitment to requirements specified in Lhis QAPP; identifying, receiving, and maintaining study
quality assurance records; coordinating with the QAC to resolve QA- related issues. Responsible for verifying the
QAPP is followed and the study is producing dala of known and acceptable quality. Identifies particular
circumstances, which may adversely affect the quality of data derived from the collection and analysis of samples.

Responsible for ensuring tasks and olher requirements in lhe contract for field implementation are execuled on time
and are of acceptable quality. Monitors and assesses the quality of work. Coordinates atlendance al conference calls,
lraining, meelings, and related sludy activilies. Complies with comective action requirements.

Reviews the work products from assigned study perscnnel {scientists, lechnicians, and support staff) to ensure the
completion of high-quality studies within established budgets and time schedules, provide guidance and lechnical
advice fo those assigned to studies by evalualing performance, and provide professional development to staff, Interact
with technical reviewers to assure technical quality requirements are met in accordance with conlract specificalions.

Co-Responsible for validation and verification of data collected. Prepare and/or review preparation of study
deliverables. Responsible for on-schedule compleiion of assigned wriling, editing, and data interpretation work.
Directs all reporting activities, including in-house and outside review, editing, printing, copying, and distributing or journal
submission.

Quality Assurance Coordinator — Co-Responsible for the development, approval, implementation, and mainlenance
of the QAPP, Independent of the field and laboratory staff. Major responsibilities include monitoring QC activities to
determine conformance, distributing quality related information, training personnel on QC requirements and
procedures, reviewing QA/QC plans for completeness and nating inconsistencies, and signing-off on the QA plan and
reports. Co-Responsible for validation and verification of dala collected. Prepare and/or review preparation of study
deliverables.

Field Supervisor Responsible for: supervising all aspects of the sampling and measurement in the field; the
acquisition of samples and field data measurements in a timely manner that meet the quality objectives; field
scheduling, staffing, and ensuring that staff are appropriately trained.

Laboratory Manager Responsible for supervision of laboratory personnel involved in generating analytical data for
this study. Responsible for ensuring that laboratery personnel involved in generating analytical data have adequate
training and a thorough knowledge of the QAPP and all SOPs spedific to the analyses or task performed and/or
supervised. Responsible for oversight of all operations, ensuring that all QA/QC requirements are met, and
documentation related to the analysis is completely and accurately reported. Enforces comective adiion, as required.
Develaops and facilitales monitoring systems audits.

Laboratory QC Monitors the implementation of the QAPP within the laboratory to ensure complete compliance with
QA objectives as defined by the contract and in the QAPP. Conducts inlemal audils to identify potential problems and
ensure compliance with written SOPs. Responsible for supervising and verifying all aspects of the QA/QC in the
laboratory. Performs validalion and verification of dala before the report is sent to Lhe PM. Ensures that all QA reviews
are conducted in a timely manner from realtime review at the bench during analysis to final pass-off of data to the
QAC.

52  Special Training Needs/Certification

This section identifies and describes any specialized training or certifications needed by personnel in
order to complete the monitoring program or task successfully.
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Field staff that collect positional data shall undergo a training program to ensure that he or she has
the knowledge and skills required to collect data in accordance with SOPs for GIS. Field personnel
will receive training in proper sampling and field analysis for each Standard Operating Procedure they
will be using. They will demonstrate to the Program Manager or Quality Assurance Coordinator (in
the field), their ability to properly operate the automatic samplers and retrieve the samples. The
Program Manager or Quality Assurance Coordinator will sign off each field staff in their field

logbooks.

In addition to technical training, field personnel will receive training that addresses stormwater
monitoring activities that have the potential to adversely affect their health and safety. Stormwater
monitoring field crews often work in wet, cold, and poor visibility conditions. Sampling sites may be
located in high traffic areas or remote, poorly lit areas that need to be accessed on a 24-hour basis.
Monitoring personnel and workers installing or maintaining equipment may be exposed to traffic
hazards, confined spaces, bioclogical hazards (e.g., medical waste and fecal matter), vectors (e.g.,
snakes and rats), fall hazards, hazardous materials, fast moving stormwater, and slippery conditions.

The selected laboratory will be accredited under the National Environmental Laboratory Accreditation
Program (NELAP) and/or the Washington Department of Ecology Laboratory Accreditation Program
for the parameters to be analyzed.

53 Timeline/study schedule

This section specifies the relevant deadlines for the study.

Figure 5-2 illustrates the critical milestones to achieve the study implementation deadline of August
16, 2009.

2/9/09

8/15/08 QAPP Approved 7/1/09 - 8/16/09
Submit QAPPS 441608 - 2/0/09 Installation/Mobilization
5/1/08 - 8/15/08 Revise QaPP ~ 1/1/09 - 711/09 8/16/09
QAPP Development Equipmant Purchasing Implementation
’ A
)
T | | o |
7/1/08 10/1/08 111709 4/1/0% 71109

Figure 5-2, Study initiation timeline.
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Key dates include;

August 15, 2008 Summary description of the monitoring program and Quality Assurance Project
Plan (QAPF) submitted to Ecology.

November 16,2008  Ecology completes review of the QAPP and responds with commenis o the City.

February 16, 2009 Ecology approves the QAPP. This deadline may be extended by the number of
days that Ecology exceeds the 90-day review period.

August 16, 2009 Full implementation of the monitoring program begins.

March 31, 2010 First annual report due covering the period from August 16, 2009 through
September 30, 2009.

March 31, 2011 Second annual report due covering first complete water year, from October 1, 2009
through September 30, 2010.

Each project will require the use of stormwater monitoring equipment. Table 5-3 outlines the target
equipment installation and testing schedule needed to meet the monitoring initiation date of August
16, 2009. This schedule is dependent on receiving review comments from Ecology by November 16,
2008 so equipment can be ordered with some confidence that the specifications will be correct for
the final monitoring conftguration. This schedule is dependent on receiving review comments from
Ecology by November 16, 2008,

Table 5-3. Target equipment installation and testing schedule.

Activity Date

Finalize Equipment List December 2008
Order Equipment January/February 2009
Install Equipment July/August 2009
Woater sampling equipment testing August/September 2009

531 Study Deliverables

This section describes the project deliverables. Section 14.2 provides additional details describing
the procedure and method for developing the deliverables. Refer to Section 11 for documentation and
records supporting development of the deliverables and Section 15 for a discussion of the content.

Each annual report for S8D, S8E and S8F, will include all monitoring data collected during the
preceding water year (October 1 — September 30). As shown in Table 5-4, the first annual
monitoring reports submitted will include data from a partial water year, August 16, 2009 through
September 30, 2009. Each report shall also integrate data from earlier years into the analysis of
results, as appropriate. Reports shall be submitted in both paper and electronic form.
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Deliverable and Due Date

Performance Anticipated Date | Anticipated Date of
Monitoring Period of Initiation Annual Completion
08/16/2009 09/30/2009 Stommwater Menitoring Report’
Partial Water Year ng apo
One (2009) March 31, 2010
Water Year Two 10/01/2009 09/30/2010 Stormwater Monitoring Report
(2010) March 31, 2011
10/01/2010 09/30/2011 mwater ing Report
Water Year Three Sl Montoring
10/01/2011 08/15/2012 Study Monitoring Report
Partial Water Year dy 4 "epo
Four (2012) Februaly 15, 2013

‘Submitted with Annual Report
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6 QUALITY OBJECTIVES

This section describes the data quality objectives (DQOs) and measurement quality objectives
(MQQOs) for the stormwater monitoring program, i.e., the type and quality of data needed to meet
the program goals and objectives. DQOs are qualitative and quantitative statements that
define the objectives of the project, identify the most appropriate types of data and data
collection procedures, and specify acceptable error limits for decision making.

Once established, the DQOs become the basis for the MQOs that are used to assess analytical
performance. MQOs are quantitative measures of performance using data quality indicators
such as precision, bias, representativeness, completeness, comparability, and sensitivity. Data
that meets the QAPP-specified MQOs is considered acceptable for use in project decision
making.

6.1 Data Quality Objectives

The DQOs for this project were developed in general accordance with USEPA Guidance for Data
Quality Objectives Process, EPA QA/G-4 (USEPA, 2000). The DQO Process for Tacoma's
stormwater monitoring program is presented below.

6.1.1 Step 1. State the Problem

The overall objective of the stormwater monitoring program is to characterize spatial and temporal
trends in stormwater quality and mass loadings in municipal outfalls 2378 (high-density residential),
235 (commercial) and 245 (industrial). Spatial trends may be related to the distribution of prevailing
land uses as well as the hydrologic characteristics of the drainage basins. Time trends may be
affected by the conflicting influences of Tacoma’s source control efforts (potentially contributing to
improving trends) versus ongoing urban development/expansion in the drainage basins (potentially
contributing to degrading trends). The objectives of the stormwater monitoring program are described
in more detail in Section 4 of the individual QAPPs.

6.1.2  Step 2: identify the Decisions

In accordance with MS4 Permit requirements, Tacoma's stormwater monitoring program is
designed to answer the following questions:

* Towhat extent does land use in the municipal drainage basins affect stermwater quality? To
answer this question, the effects of land use must be separated to the extent possibie from
the effects of drainage basin hydrology. In particular, the contribution of base flow in each
basin, which is largely derived from groundwater and subsurface flow and is therefore less
directly affected by surficial land use aclivities, must be analyzed separately from stormwater.

e Are stormwater and/or storm sediment concentrations declining in response to Tacoma’s
source control program? Are stormwater and/or storm sediment concentrations increasing in
response to urban growth and increasing traffic in the drainage basins? It should be noted
that stormwater quality will be used to evaluate time trends rather than stormwater mass
loads, because stormwater mass loads are confounded by random, year-to-year changes in
weather and runoff patterns, which are beyond Tacoma's control.

These questions are developed into the following testable statistical hypotheses:

* Null Hypothesis S8C-1. Stormwater quality is not significantly different in drainage basins
characterized by residential, commercial, and industrial land uses.

s Alternative Hypothesis S8C-1. Land use patterns in the municipal drainage basins have a
significant effect on stormwater quality.
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and

o Null Hypothesis S8C-2. Stormwater quality in the municipal drainage basins is static and
unchanging over time.

e Alternative Hypothesis S8C-2. Stormwater quality in the municipal drainage basins is either
(a) improving as a result of Tacoma’s source control efforts, or (b) degrading as a result of
increased urban expansion and development.

Sufficient data will be collected in the stormwater monitoring program to be able to test these
hypotheses with an appropriate level of statistical confidence and power.

6.1.3  Step 3: Identify Inputs o the Decision

Tacoma has been monitoring stormwater quality under its previous NPDES permit in seven of the largest
municipal drainages in the Thea Foss watershed since August 2001. Because these monitoring data
were collected using methods comparable to those proposed herein, they will be used to
characterize the variability of Tacoma'’s stormwater quality to support the design of a statistically
based sampling program, and to evaluate the statistical confidence and power afforded by the
Permit-required sample sizes. These data will also be used to expand the monitoring pericd and
improve the statistical confidence of time trend analyses.

Existing data on stormwater and storm sediment quality is compiled and summarized in Tacoma's
annual stormwater monitoring reports (see Tacoma 2008¢). From 2001 to the present, Tacoma has
been monitoring municipal stormwater for the following target constituents:

¢ Conventional parameters (TSS, pH, conductivity, and hardness)
e Metals {lead, mercury, and zinc)
e  Semivolatile organic compounds (PAHs and phthalates).

These analytical parameters were selected because they are considered the most critical monitoring
parameters for protecting sediment quality in the recently remediated Thea Foss Waterway.
Additional analytical parameters are required under the current Permit that were not included in the
previous monitoring program. The following parameters will be added to Tacoma's monitoring
program with the implementation of this QAPP (according to the pricrities outlined in the Permit if
sample sizes are limited):

Conventional parameters (turbidity, chloride, BOD, MBAS)

Metals (copper and cadmium)

Nutrients (total phosphorus, orthophosphate, total nitrogen, nitrate-nitrite)
Modem pesticides (various)

Total Petroleum Hydrocarbons (TPH)

Fecal coliform bacteria

Summary statistics for representative monitoring parameters in municipal outfalls 2378, 235, and 245
are presented in Table 6-1a. This table includes the arithmetic mean concentration and coefficient of
variation (CV) over the six-year monitoring period. The CV is a measure of sampling and analytical
variability and will be used to evaluate the relationship between sample size and statistical power
(see Section 6.1.7 below). The CVs for TSS and metals appear to be somewhat lower overall than
those for organic contaminants such as phthalates and PAHs. It is assumed that the new analytical
parameters that will be added to the monitoring program as part of the new Permit requirements will
be characterized by CVs similar to those listed in Table 6-1a, but this assumption will need to be
confirmed with a few initial rounds of monitoring data.
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Table 6-1a. Summary statistics derived from six years of stormwater monitoring, 2001-2007.

Outfall 237B Outfall 235 Outfall 245
. Coeffici i
Analyte Arithmetic | SOSMCeNt | arithmetic ot | Arthmatic | oot
Mean (%) Mean Variation Mean Variation
{%) (%)
Conventionals in mg/L
TSS 76 0.72 101 0.77 84 0.60
Metals in mg/L
Copper NM NM NM NM NM NM
Cadmium NM NM NM NM NM NM
Lead (Total) 18 0.73 95 0.60 15 0.59
Mercury (Total) NC NC NC NC NC NC
Zinc (Total) 91 0.58 164 0.58 183 0.62
Lead (Diss.) 0.8 0.56 7.9 0.76 1.0 0.87
Mercury (Diss.) NC NC NC NC NC NC
Zinc (Diss.) 34 0.66 54 0.68 79 0.75
Organics in pg/L
DEHP 4.2 0.64 9.7 1.37 [1] 52 1.12 [2]
Phenanthrene 0.11 1.08 0.18 0.75 0.13 1.74 (3]
Pyrene 0.26 0.92 0.35 0.68 0.17 1.09

Notes:

Data from City of Tacoma 2008; Annual Stormwater Monitoring Report, 2001-2007, Appendix F

NM = Not measured

NC = Not calculated due to predominance of undetected results

DEHRP: Di-ethylhexyl phthalate or Bis-(2-ethylhexyl)phthalate

[1] High CV for DEHP in Qutfall 235 caused by one extreme oullier in Monitoring Year 2

[2] High CV for DEHP in Qutfall 245 caused by two extreme outliers in Monitoring Year 2

[3] High CV for Phenanthrene in Qutfall 245 caused by extreme oultliers in Monitering Years 3 and 4

6.1.4  Slep 4: Define the Boundaries of the Study

The geographic boundaries of the stormwater monitoring program include municipal drainage basins
2378, 235, and 245.

The temporal boundaries of the program extend from August 16, 2009 through August 15, 2012. To
improve the statistical confidence of time trend analysis, monitoring data collected under the previous
permit will also be used, as available, dating back to October 1, 2001. These earlier data will be
organized to be consistent with the current definitions of water year, and wet and dry seasons.

6.1.5 Step 5: Develop Decision Rules

The stormwater monitoring data will be evaluated in accordance with the following decision
rules:

1. Ifit can be shown with statistical significance that Null Hypothesis S8C-1 is false, after removing
local contributions from base flow (see Section 6.1.2), then a difference in stormwater quality
between municipal drainage basins will have been demonstrated. It is assumed that any such
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differences are largely the result of differing land use characteristics unless an unusually large
and discrete source(s) is identified in the drainage basin{s) during the monitoring program.
Tacoma’s source control efforts will be better focused on those land uses that have a greater
impact on stormwater quality.

2. Ifit can be shown with statistical significance that Null Hypothesis S8C-2 is false, then a non-
static trend in stormwater quality (i.e., improving or degrading conditions) will have been
demonstrated. It is assumed that an improving trend is largely the result of Tacoma's stormwater
source control efforts, as well as other state and federal institutional controls (e.g. air or vehicle
emission standards), whereas a degrading trend is likely caused by increased urban development
and traffic. If confirmed over multiple and successive monitoring yvears, degrading trends would
trigger more focused source control studies for the affected drainages and constituents to identify
and characterize the source of the impacts.

6.1.6 Step 6: Specify Limits on Decision Errors

The stormwater monitoring program is designed to meet the following levels of statistical sensitivity,
confidence, and power:

Minimum Detectable Relative Difference (MDRD). A MDRD in mean stormwater concentrations is specified at
50 percent for both spatial and temporal analyses. The monitoring program should be able to detect with
statistical significance a 50 percent difference in stormwater concentrations between municipal drainages, and a
50 percent reduction {or increase) in stormwater concentrations over time. A MDRD of 50 percent is consistent
with the differences in stormwater quality that are typically evaluated using Ecology’s Technology Assessment
Protocol (TAPE) guidance (Ecology 2008).

Statistical Confidence and Power. As part of the BMP effectiveness monitoring program, the MS4 Permit
provides goals of 90 to 95 percent statistical confidence and 75 to 80 percent statistical power [S8F{4)]. These
same goals will be adopted in the stormwater monitoring program for use in determining spatial and temporal
trends. The associated alpha levels (0.05 to 0.10) and beta levels (0.20 to 0.25) are the complements of
stalistical confidence and power, respectively.

6.1.7 Step 7: Optimize the Design

This section provides an estimate of the number of stormwater samples that should be collected to
achieve the data quality objectives specified for the stormwater monitoring program. The number of
samples required for each monitoring round may be estimated based on the desired MDRD, the
acceptable levels of statistical confidence and power (see Section 6.1.6), and an estimate of the
variability of the data as measured by the coefficient of variation, or CV (see Section 6.1.3 and Table
6-1a).

The sample size analysis follows EPA (1992, section 9.3.3):
N = (Z, + Zay)* (CV/MDRD)?

where [N] = number of samples, [£, and Zz] are Z statistics at the specified alpha and beta levels,
[CV] is the coefficient of variation of stormwater data, and [MDRD] is defined in Section 6.1.6.

The estimated sample size to detect a 50 percent difference in stormwater concentrations as a
function of CV is provided in Table 6-1b. A range of acceptable confidence levels (alpha =0.05to
0.10) and power levels (beta = 0.20 to 0.25) is presented. The Permit specifies 11 to 14 samples will
be collected in each of the drainage basins during each monitoring year. At this rate of data
collection, Table 6-1b indicates the specified levels of statistical confidence and power will be
achieved within one to two monitoring years, depending on the CV of the data.
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It should be noted that the sample sizes estimated in Table 6-1b are based on an assumed normal
distribution, whereas much of Tacoma's existing stormwater data is better described by a lognormal
distribution. The statistical power will be reduced if the data is log-transformed. For example, a 50
percent reduction in arithmetic concentrations is similar to a 30 percent reduction in log-transformed
concentrations. For log-transformed data, the specified levels of statistical confidence and power are
expected to be achieved within one to three monitoring years for most constituents. In general,
statistical confidence and trend discrimination (i.e., ability to detect smaller MDRDs) should increase
with each successive monitoring round due to the increasing sample size and longer monitoring
period.

Table 6-1b. Estimated sample size to detect a 50% difference in stormwater concentrations as a
function of the coefficient of variation.

Minimum Detectable Difference:

—a—3=0.10; b=0.20
---4---3=0.05, b=0.20

Confidence Power Stormwater Coefficient of Variation
(alpha) Geta) | 63 | 04 0.5 0.6 0.7 0.8 0.9 1.0
0.10 0.25 1 2 3 5 5] B 11 13
0.10 0.20 2 5 T 9 12
0.05 0.20 3 5 7 10 14 29
30
R J
——3=0.10; b=0.25
25 z

(-]
o

~
o

Number of Sample:
o

0 T 1 1 T )
0.3 04 05 06 0.7 0.8 08 1

Coefficient of Variation

LEGEND:

| | Sample sizes achieved after 1 monitoring year (11 to 14 samples/year)

_ Sample sizes achieved after 2 monitoring years (11 to 14 samples/year)
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Measurement quality objectives (MQOs) specify how good the data must be in order to meet the
objectives of the study. MQOs are the performance or acceptance thresholds or goals for the study's
data, based primarily on the data quality indicators. MQOs are used to select procedures for
sampling, analysis, and quality control (QC).

Data quality indicators used in this study include quantitative measures of bias, precision and
accuracy; qualitative measures of representativeness and comparability, and a combined
measure of completeness. Table 6-2 summarizes MQOs for each DQI.

Table 6-2. Method Quality Objectives and Actions of Nonconformance.

i . MQoO .
Dat_a Quality Evaluation . Action
Indicator (criterion)
. . _ | If[Field blank] >2x RL or [Method blank]>RL; Apply "J" to all
E;I:kgnd LEuEY > RsL,a'rl":I:g?Gs 2 affected samples if the [sample] < 5x RL.
Bias Apply “B" to all affected samples if the {sample] 25x RL.
Laboratory Apply "R” to all affected samples if the %R 22x MQO.
Control Sample Table 6-4 -
(%R) Apply “J" to all affected samples if the MQO > R% <2xMQO.
. ) I 25% water Apply “R™ to all affected samples if the RPFD 2 2 x MQO.
Repeatability Field Duplicate (RPD) 35% soll | Apply “J" to all affected samples if MQO < RPD < 2 x MQO.
i, Laboratory Apply “R” to all affected samples if the RPD 2 2 x MQO.
Precision Duplicate (RPD) Table 64 | Aoty “J* to all affected samples if MQO < RPD < 2 x MQO.
Apply “R" to all non-detected value samples if %R <30%.
Mairix Spike o . .
A Table 6-4 Apply "J* to all affected samples if MQO < %R < MQO (spike
Recovery {(%R) - N
recovery limits do not apply when sample concentration
Accuracy exceeds the spike concentration by a factor of 4 or greater).
Discharge Table 6-3 Apply “J” to all affected storm events.
Water Level Table 6-3 Apply *J" to all affected storm events
Precipitation Table 6-3 Apply “J” to all affected storm events
Apply “J° to all affected samples (reported as <RL) if the
Sensitivity Reporting Limits Tables 6-5 and | reported RL= 2 times specified RL.
(RL) ‘ 6-6 Apply "R" to all affected samples if the reported RL is >5 limes
the specified RL.
Estimate of the amount of successfully collected data
versus the amount intended (based on MQOs) in the
Analytical data 90% experimental design. If parcent of useable data collected
over a year period {the water-year} < criterlon the MQO
Completeness was not met.
90% of the data Caompleteness will be assessed on the basis of the

Hydrologic data

record is presenl

occurrence of gaps in the data record for all monitoring
equipment.
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Table 6-2 cont. Method Quality Objectives and Actions of Nonconformance.

Data Quality
Indicator

Evaluation

Qualitative
Assessment of
methodology

MQO
(criterion)

Analytical
Methods in
Tables 6-5 and
6-6. Field
methods
(Section B).

Action

Representativeness is maintained by following procedures
such as complying with a statistically-based field sampling
design and proper sample homogenizalion. If sampling and
analytical methods did nol conform to established plans and
methods, the MQO for representativeness may not have been
mel.

Any deviations from these methodologies must be
approved in writing by the QAC in accordance with the
procedures outlined in Sections 11.2. Devialions that are
deemed unacceptable will result in rejected values (R).

Qualitative
Assessment of

Tables 8-1 and

Apply *J° to all samples thal exceeded the holding time by <48
hours. Apply “R" o all samples lhat exceeded the holding time

Holding time & 8-2
: 2
Representativeness Preservation by 248 hours
Qualitative .
Assessment of 58D QAPP: . . . I
Tables 7-10 and | Did the sampling event meet the established storm criteria?
storm event 711
sampled
Qualitative
Assessment of S8D QAPP Did the sampler collect a valid low-paced sample and capture
sampler Section 8 the appropriate storm volume?
performance
Qualitative Does the siorm event criteria specified represent typical
Assessment of S8D QAPP site conditions? See Smoley (1993). Is the monitoring
specified storm Section 8 conducfed over a sufficient period to represent climalic
evenlt criteria condilions for the site?
Expected level of confidence with which data sets from
different sources (e.g., related projects, different analytical
Qualitative methods, different sampling locations, or sampling teams)
Comparability Assessment Adequate can be compared to one another. If sampling and analytical

methods did not conform to collaboratively standardized field,
and established laboratory methods, the MQO for
comparability may not have been met.

6.21 Bias, precision and accuracy

Bias, precision and accuracy objectives are presented in Table 6-3 and 6-4.

Table 6-3. MQOs for hydrological accuracy and bias.

Measurement Type Operational Range Sensitivity Accuracy measured as %Bias
Discharge 0.05 to 45 cfs 0.05 cis 20% when 10% < Q < 90% of operational range
35% when 90% < Q < 10% of operational range
Water Level 0.01to 0.01 feet 10%
Precipitation Deplh 0.02 to 12 inches 0.021in 10% lipping bucket volume
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Table 6-4. MQOs for analytical precision, accuracy, and bias

Parameter I Bias Precision Accuracy

Field Testing

Conductivity + 5% +5% NA

pH by meter + (.5 units +0.5 NA

Depth + 0.2 meters not necessary NA

Laboratory Analyses - Water
Conventional Standard Reference Materials | Laboratory duplicate, Blind Matrix spike 75% -

Constituents in Water

{(SRM, CRM, PT) within 80%
Cl stated by provider of
material. If not available then
with 80% to 120% of true
value

Field duplicate, or
MS/MSD 25% RPD.

125% or control limits at
+ 3 standard deviations
based on actual lab
data.

Synthetic Organic
Analytes (including
PCBs, PAHSs,
pesticides)

Standard Reference Materials
(SRM, CRM, PT) within70%
Cl stated by provider of
material. If nol available then
with 50% to 150% of true

Lab duplicate £25%, field
duplicate +35%, MS/MSD
+50%.

Matrix spike 50% -
150% or control limits at
+ 3 standard deviations
based on actual lab
data.

Laboratory positive and
negalive cultures — proper
positive or negative response.
Bacterial PT sample -— within
the stated acceptance criteria.

Laboratory replicate 50%
RPD

Trace metals in Standard Reference Materials | Laboratory duplicate '1“23513" spike 75% -
water, including {SRM, CRM, PT) 75% to 20%, field duplicate o

mercury 125%. +30%, MS/MSD x40%

Bacteria/ Pathogens NA

Laboratory Analyses —Sediment

Organic compounds
(PCBs) and semi-
volatiles ( PAHs,

Standard Reference Materials
(SRM, CRM, PT) within 80%
Cl stated by provider of

MS/MSD 145% RPD. Field
replicate £35;, laboratory
replicate £25%

Matrix spike 50% -
150% or control limits at
+ 3 standard deviations

Trace melals
{including mercury)

Standard Reference Materials
(SRM, CRM, PT) 75% to
125%.

Field replicate, laboratory
duplicate, or MS/MSD %

25% RPD except Hg in
sediment at + 35%.

Matrix spike recovery
125%.

Total organic
carbon in sediment
and sediment grain size

CRM wilhin the 80% CI stated
by the provider. Laboratory
Cantrol Material (LCM) + 20%

Replicates within + 20%

Matrix spike
recovery +25%

Laboratory Analyses - Other

Toxicity
testing

Meet all performance
criteria in method relative to
reference toxicant.

Meet all performance
criteria in method

relative to sample

NA

6.22 Representativeness

The representativeness of the data is dependent on 1) the sampling locations, 2) the flow regime
during sample collection 3) the number of years sampling is performed, and 4) the sampling
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procedures. The City of Tacoma is able to illustrate representativeness of sample sites through
comparison to historical monitoring data and combining efforts of multiple monitoring regimes (NPDES
and Superfund).

6.2.2.1 Stormwater Quality

Stormwater representativeness is achieved by selecting sample locations, methods and times so
that the data describes the characteristics of stormwater runoff from the area of interest, the varying
hydrologic conditions within an individual storm event (i.e., rising and falling portions of the
hydrograph), and a representative cross-section of storm types. Additional details regarding
representativeness of sample location, collection of storm flows, and the criteria used for sampling are
presented in each QAPP.

Representativeness of characteristics of stormwater runoff at each monitoring site will be discussed in
each QAPP.

Representativeness of individual storm events — Stormwater (both whole-water and filtered)
samples will be flow-weighted composite samples representing 75 percent of the hydrograph for
storms less than 24 hours. For storms greater than 24 hours, the flow-weighted composite
sample will represent 75 percent of the hydrograph from the first 24-hours of the storm.

Representativeness of storm types — Storm event criteria have been selected to consider the
variation in storm event runoff volume, flow rate, antecedent rainfall conditions, and season. In
addition, monitoring will be conducted over a sufficient length of time to ensure that data are
collected during representative climatic conditions for the region.

Representativeness of toxicity results — Toxicity analyses will be performed on stormwater samples
collected from the conveyance system. This does not necessarily represent conditions to
which aquatic life may be exposed.

6.2.2.2 Stormwater Sediment Quality

Sediment traps are useful monitoring tools to help identify chemical concentrations in suspended
sediments in stormwater. There are several issues relevant to the representativeness of sediment
trap samples. It is difficult to predict potential sampling biases that may occur during sediment
trapping, but considering the perturbations in the flow field that the bottle creates, certain grain size
fractions in the suspended load could be preferentially trapped.

In addition, the physical characteristics of each sediment trap sampling location vary such that a
different range and/or type of flows, and therefore, storm conditions may be sampled. Because
there is a minimum height at which the sediment trap is over topped and starts to collect sample,
some sediment traps may not be collecting sample during smaller storms, and the frequency of
such occurrence will vary from location to location.

6.23 Completeness and Comparability

The completeness of the data will be maximized by using proven sampling techniques, packaging
samples for transport to avoid breakage, and timely processing at the laboratory. The analytical
requirements will be met to assure acceptable data. Where possible, excess sample will be archived
until the laboratory resufts can be reviewed by the project manager. A completeness target of 90
percent for the successfully sampled storms has been set for this study.
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Stormwater sampling is difficult. Through past experience, the City expects 33% of qualifying
storms will require rejection of the sample prior to submission to the laboratory. A record of
sampling attempts, success, failures and reasoning will be maintained for inclusion in the yearly
report.

Comparability is encouraged by strict adherence to collaboratively standardized field methods,
approved/accredited laboratory procedures and improved over time through laboratory
intercalibration. Data processing, including use of common units, rounding and statistical
procedures will increase comparability.

6.24 Sensitivily (Reporting Limits)

Reporting limits targets (goals) were listed in Appendix 10 of the permit. The methods, reporting
limit goals and accredited laboratory to be used by the City are presented in Table 6-5 for surface
water and Table 6-6 in sediment.

The City is accredited for the majority of NPDES parameters (Accred M1461), and is in the
process of accreditation for the remainder of the parameter list. Until fully accredited, the City will
use the following laboratories for non-accredited analyses;,

* Water Management Laboratories (WML). Accred C1208, Chris Muller. 253-531-3121
o Chloride
o Anionic surfactants (MBAS)
o Fecal coliforms
* Nautilus Environmental, Accred C1294, Mary Ann Rempel-Hester, 253-922-4296
o Acute toxicity
e Test America Tacoma (TAT), Accred C1226, Christina Mott, 253-933-2310
o Gran size
o Particle size distribution
o PCBs in sediment
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Table 8-5. Method and reporting limit goals for surface water.

26 - 56

Reporting Limit Accredited
Parameter Method Target Laboratory
Conventionals
Biochemical oxygen demand SM5210B 2.0 mg/! CcoT
Conductivity, specific SM2510B 1 uS/cm CcOoT
Chiloride EPA300.0 0.2 mg/l WML
Hardness EPA200.7 1.0 mg/l cOoT
Surfactants (MBAS) SM5540C 0.025 mg/l WML
Total suspended solids SM2540B 1.0 mg/l coT
Turbidity EPA180.1 0.2 NTU CoT
Bacteria
Fecal Coliform SM9221E 2 min, 2E6 max WML
Nutrients
Phosphorous, total EPA365.4 0.01 mg/l CoTt
Qrthophosphate EPA365.1 0.01 mgh CcoT
Total Kjeldahl Nitrogen SM4500NOrgB 0.5 mg/l COoT
Nitrate-nitrite EPA353.2 0.01 mg/l coT
Metals
Mercury EPA7470 0.1 ug/l coT
Metals (zinc, lead, copper and cadmium) EPA200.8 0.2 to 5 ug/l CcOoT
Organics
PAHs EPAB270D 0.1 ug/l coT
Phthalate esters EPA8270D 1.0 ug/l coT
Pesticides EPA8270D 0.01-1.0 ug/ COoT
TPH, NWTPH-Dx Ecology97-602 0.25-0.5 mg/| CoT
TPH, NWTPH-Gx Ecology97-602 0.25 mg/l COT
Toxicity
EPS/1/RM/28 1998
Toxicity, acute {Env Canada) Nautilus
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Table 6-6. Method and reparting limit goals for sediment.

Reporting Limit Accredited

Parameter Method Target Laboratory
Total sclids SM2540B NA COT
Grain size PSEP 1997 NA TAT
Total organic carbon PSEP 1997 0.1% CoT
Total recoverable metals (zinc, lead, coT
copper, cadmium) EPA200.8 0.1 to 5.0 mg/kg
Total recoverable mercury EPA7471 100 ug/kg coTt
PAH EPA8270D 70 ug/kg dry CcoT
Phthalates EPAS270D 70 ug/kg dry COT
Phenolics EPAB270D 70 ug/kg dry COT
PCBs EPABOB2 80 ug/kg dry
Pesticides EPA8270D SIM 1 to 50 ug/kg cOoT
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7  SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

In each QAPP, this section will describes general sampling design elements for S8D, S8E and
S8F to support the program objectives identified in each QAPP. In general, three steps are
specified prior to the initiation of any stormwater field collection activities. They include:

= Selection of the monitoring locations,

= Development of the stormwater sampling strategy, and

» Selection of the equipment to meet the study objectives and the site specific
needs of the selected locations.

Site-specific information is discussed in each QAPP.

7.1 Summary of Long-term Rainfall Data

This section summarizes the collected and in-progress statistical evaluations for long-term rainfall
data for NOAA Tacoma No. 1 rain gage CTPO1, which is located at 2201 Portiand Avenue, City’s
Central Wastewater Treatment Plant (CTP) (Building E). 15 minute data is also collected using an
ISCO Model 675 rain gage (tipping bucket), STPO1, which is also located on the STP-1 Digester at
the CTP. These rain gauges are located roughly 1 mile east of the Thea Foss monitoring stations.

Figure 3-1 shows the location of the rain gages. The total monthly, annual and seasonal
precipitation for September 2001: August 2007 Thea Foss monitoring program and historical
statistics are shown in Tables 7-1 and 7-2 (Tacoma 2008c).

Table 7-1. CTP rain gage historical monthly totals.

Tacoma 1 Tacoma City Hall T:::g;;
Month Mar 82-Dec 99 June 48-Dec 81 Sept 2001-Aug

Ave:rage Monlhly Avqrage Monthly 2007

Rainfall (inches) Rainfall {inches) (inches)
September 1.16 2.02 1.07
QOclober 3.61 3.32 342
November 6.88 5.34 . 1385
December 5.45 6.09 5.07
January 5.82 5.46 7.59
February 4.12 4.02 2.55
March 4.22 3.43 3.76
April 3.13 2.4 2.73
May 2.05 1.46 1.74
June 1.64 1.35 1.22
July 0.87 0.82 0.52
August 0.78 1.21 0.67
TOTAL 39.73 36.92 38.69
W;nfall data from Tacoma 1 - NOAA Station at Central Waslewater Treatment Plant, Tacoma,
N i 56.60. __ | above historical monthly average

20.00 below historical monlhly average
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Table 7-2. CTP rain gage historical seasonal totals.
Water Year Totals
Wet Dry
101 - 4/30 51 - 9130
Composite - June 1948-Dec 1999 31.34 6.81
Tacoma No. 1 - March 1982-Dec 1999 33.39 5.59
Tacoma City Hall - June 1948-Dec 1981 30.256 6.93
Tacoma No. 1 Aug 27, 2001 to Aug 26, 2007 3347 4 5.23
Thea Foss Program Seasonal Precipitation Totals
Dry-Wet Wet-Dry

Transition Wet Transition Dry

8/27-10/15 10/16-1/31 2114130 5/1 -8/26
Composite - June 1948-Dec 1999 3.35 19.42 10.46 4.85
Tacoma No. 1 - March 1982-Dec 1999 2.60 20.59 11.50 5.17
Tacoma City Hall - June 1948-Dec 1981 3.75 18.80 9.91 4.68
Tacoma No. 1 Aug 27, 2001 to Aug 26, 2007 2.06 Rz 8.94 4.20

Rainfall data from Tacoma 1 - NOAA Station at Central Wastewater Treatment

Plant, Tacoma, WA

50.00
20.00

| above historical monthly average
below historical monthly average

Based on a 52 year rainfall record, the Thea Foss 2001 Sampling and Analysis Plan defines a
region specific stormwater monitoring year from August 27 to August 26 of the following year
(Tacoma 2001). This analysis was presented in the 2001 SAP, Appendix G. These annual

rainfall patterns for Tacoma were subdivided into four seasons:

1. Dry-to-Wet Transition. One and one half months dry to wet transitional period from

August 27 to October 15.

2. Wet. Three and one-half months wet period from October 16 through January.
3. Wet-to-Dry Transition. Three months wet to dry transitional period fror February

through April.

4. Dry. Four months dry period from May to August 26.

The four seasons were selected based on periods where consistent trends were observed. The
transitional periods consist of a steady decline (wet to dry transition) or increase (dry to wet
transition) in daily precipitation. The dry and wet periods show little change in monthly average

or 21-day average precipitation data.

Historically several significant rainfall events occurred on or after August 27" such that this date
was selected as a marked change from dry to transitional rainfall pattern. October 16" was also
selected as a marked change from transitional to consistent 21-day average pattern.

For this project, water year will be reported as October-September, with wet season as October
—April and dry season as May — September.
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72 Stormwater Monitoring Strategy

This section provides a general discussion of common stormwater monitoring strategies for S8
and includes:

e parameters and analytical methods,

» sampling techniques and types, and

e sampling frequency and criteria to ensure representative samples.

7.2.1  Parameters and Analylical Methods

Ecology selected pollutants to be monitored based upon their known presence in stormwater, their
potential for adverse impacts, or their value in providing necessary supporting information (see
Section 3.3 for additional information). A significant sampling design concern is the ability to
obtain adequate sample volume to complete the selected analyses. In each QAPP, this section will
discuss the selected parameters, the volumes required to analyze those parameters, and the priority
order in which analyses will be conducted. The estimated volumes needed for stormwater analytical
chemistry, toxicity samples and sediments are listed in Table 7-3.
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Table 7-3. Volumes required for stormwater analysis.
Stormwater Sediment
Recommend Minimum Recommend Minimum
Parameter quantity {ml) quantity (ml) Parameter Quantity (g) | Quantity (g) |

Biochemical oxygen

demand 2000 1000 Total solids 25 25

Conductivity, specific 500 300 Grain size 100 100
Total organic

Chloride 100 100 carbon 25 25
Total recoverable
metals {(zinc, lead,

Hardness 100 50 copper, cadmium) 50 50
Total recoverable

Surfactants (MBAS) 400 400 mercury 50 50

Total suspended solids 1000 200 PAH 100

Turbidity 500 100 Phthalates 250 500

Fecal Coliform 250-Grab 250-Grab Phenolics 250

Phosphorous, total 100 100 Pesticides 250

Orthophosphate 125 100 PCBs 500 500

Total Kjeldahl Nitrogen 500 500 Total Volume 1600 1250

Nitrate-nitrite 200 125

Mercury 1000 1000

Metals (zinc, lead,

copper and cadmium) 1000 350

PAHs 4000

Phthalate esters 4000 1000

Pesticides 1000 to 4000

TPH, NWTPH-Dx 400-Grab 400-Grab

TPH, NWTPH-Gx 120-Grab 120-Grab

Toxicity, acute 25000 to 40000 | 16000 to 40000

Minimum sample

volume - no toxicity

sample 17295 6300

Maximum sample

volume 60295 46745

Under the S8 monitoring program, any one of three types of analyses may be conducted on samples
collected for S8D, S8E and S8F: (1) stormwater analytical chemistry, (2) stormwater toxicity, and (3)

sediment analytical chemistry. Each analysis is discussed further in the following sections. Site-
specific information will be discussed in each QAPP.

7.2.2 Sampling Technigues and Types

Automatic composite and manual sampling is required for S8D and may be used for S8F for BMP
monitoring. Stormwater sediment samples will be collected with sediment traps. Sediment deposited
in BMPs may also be collected. SOPs for each of these sampling techniques will be developed in
September 2008-June 2009 and interim-final SOPs will be appended to this QAPP in February.
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7.2.3 Representalive Sample Criteria

Ecology has defined “representative” storms that must be monitored and the frequency of
monitoring. Storm event criteria are established to: (1) ensure that adequate flow will be
discharged; (2) allow some build-up of pollutants during the dry weather intervals; and (3) ensure
that the storm will be "representative,” (i.e., typical for the area in terms of intensity, depth, and
duration).

Collection of samples during a storm event meeting these criteria ensures that the resulting data
will accurately portray the most common conditions for each site. Ensuring a representative
sample requires two considerations: (1) the storm event must be representative, and (2)
the sample collected must represent the storm event.

7.2.3.1 Representative Composite Sampling Criteria

Ecology has defined criteria to ensure the composite sample collected is representative of the storm
event sampled (Table 7-4). For storm events lasting less than 24 hours, samples shall be
collected for at least 75 percent of the storm event hydrograph. For storm events lasting longer
than 24 hours, samples shall be collected for at least 75 percent of the hydrograph of the first 24
hours of the storm. Each composite sample must consist of at least 10 aliquots. Composite samples
with 7-to-9 aliquots are acceptable if they meet the other sampling criteria and help achieve a
representative balance of wet season/dry season events and storm sizes.

Table 7-4. Representative sampler collection criteria.

Storm event duration <24 hours >24 hours Base Flow
Minimum storm volume to sample 75 percent of the 75 percent of the NA

storm event hydrograph of the firsL

hydrograph 24 hours of the storm
No. of Aliquots 210: 7-to-9 accepted | 210: 7-to-8 accepted | 210: 7-t0-9 accepted
Minimum duration to program ISCO for 02 X tln:e t(')f 02 X t'";'e t°.f 24
sampling (hOI..II'S) 2 oncenitralion onceniration

Paragraph S8D2(b) requires the sampler to be programmed to continue sampling past the longest estimated time of concentration {see Section
7.1.3).

7.3 Equipment Monitoring Strategy

Equipment specifications for each site are described in each QAPP include: (1) rational for
selected equipment strategy, (2) monitoring and communication equipment specifications, and (3)
site configuration.

The general equipment strategy is to employ an ISCO Model 6712 composite sampler and an
ISCO (or another manufacturer) flow monitoring equipment (for example, sensors and pressure
transducers). A recommended strategy for collecting the required sample volumes to meet the
analytical parameter list, the toxicity sampling requirements, and any field quality control samples
such as duplicates and blanks will be developed based on site flow monitoring data and site-
specific configurations.

The ISCO 6712 automatic sampler can collect large sample volumes. The design provides flexibility
in targeting a range of rainfall depths, thus minimizing labor costs associated with field staff time
required to check the bottle capacity status remaining during a storm event. The sampler could
also be programmed to take paired sequential samples over the course of the storm. This sequential
program rather than replicate program would allow the possibility of selecting a subset of filled
bottles (depending upon total sample volume needed for the targeted event) which represent the
targeted hydrograph area and exclusion of a sample bottle largely filled with base flow at the end
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of an event. Additionally, samples excessively impacted by tides/saltwater will be eliminated.
Depending upon the compositing approach chosen, additional sample handling may be required to
composite the sequential samples. The best programming approach will be fined tuned once
actual site flow data is available.
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8 SAMPLING (FIELD) PROCEDURES

This section describes field procedures that will be utilized to ensure that samples are collected in a
consistent manner and are representative of the matrix being sampled, and the data will be
comparable to data collected by other existing and future monitoring programs.

The quality of data collected in an environmental study is critically dependent upon the quality and
thoroughness of field sampling activities. General field operations, practices, and specific sample
collection will be well planned and carefully implemented and follow specific Standard Operating
Procedures (SOPs) that support the following field activities:
« Monitoring Equipment Installation and Setup
Storm Tracking and Forecasting
Flow monitoring
Automatic flow-weighted composite sampling
Grab Sampling
Sediment Sampling
Equipment Decontamination
Equipment Maintenance and Calibration

These SOPs will include requirements for training and documentation of activities, collection of field
quality control samples, and description of "Clean Handling Techniques” where appropriate. A
general description of field activities is provided below. Specific details will be provided in each
QAPP.

8.1 Sample Collection Procedures

A general discussion of sample coliections procedures is described below. Specific details will be
provided in the SOPs.

8.1.1 Decontamination Procedures

8.1.1.1 Sample Bottles

The City laboratory will provide glass containers for collecting stormwater samples. Glass
containers and jars (ISCO 1000ml glass containers} will be pre-cleaned according to COT
laboratory SOP entitled, ‘Glassware Cleaning Following EPA Protocols’ (attached). Essentially,
the cleaning process includes:

e Wash by hand with soap and scrub brush using Liqui-Nox or equivalent non-phosphorus
and ‘rinse free' detergent.

e Every cleaning step is followed by rinsing with reagent grade water. Reagent grade
water produced by the City of Tacoma laboratory meets the ASTM Type |, 18 MOhm,
standard.

e The bottles are placed in laboratory dishwater and alternately washed with alkaline, acid
and sequestering solutions (Neodisher FLA, Z and TR3 — Fact Sheets attached). All
solutions are phosphate free and do not contain surfactants. The sequestering stage is
conducted last to remove metal salts.

* Rinse with reagent grade water

e Heat and dry

* Bottles will be sealed with Teflon caps and labeled Level B, Appropriate for NPDES and
Foss stormwater sampling.
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e Field and laboratory blanks, conducted at a rate of 10% of the sample load, will be used
to assess glassware cleaning performance.

Certification information is kept in the glassware certification file and is available for review at
any time. The containers will be certified to the detection limits of the project. Teflon sediment
sample bottles will be cleaned using the same process.

Stainless steel materials used for sediment sampling will be cleaned with phosphate and rinse
free detergent (hot soapy water), rinsed with reagent grade water, rinsed with acetone and
allowed to air dry.

8.1.1.2 Automnated Sampling Equipment
Prior to installation, all automatic sampling equipment (ISCO sampler head, Teflon suction
tubing, strainers, silicone tubing and all other sampling equipment except glass sampling jars),
will be cleaned by running the pump on continuous suction for two minutes with each of the
following solutions

o Hot soapy water (Liqui-Nox or equivalent).

o Hot water

s 5% nitric acid

e Reagent grade water
After decontamination, the Teflon suction tubing, strainers and silicone tubing will be wrapped
with tinfoil until placed in the field. The ends of the tubing will also be capped with tinfoil.

After the equipment has been installed and used, the ISCO sampler head (silicon tubing only)
and 1SCO base will be decontaminated at the lab using the same steps, but the Teflon tubing
will be left in place at the sample station and rinsed with 1 gallon of laboratory pure water
between each sample event or during routine maintenance. The ISCO sampling program will
also rinse and purge the entire sample line with stormwater prior to sampling (obtaining aliquot).
Teflon tubing is inspected following each sample event, and will be replaced with pre-cleaned
tubing if integrity is compromised.

Equipment rinsate blanks will be performed by running enough reagent grade water through a
decontaminated Teflon sampler hose, strainer and silicone pump tube installed in the sampler,
into a pre-cleaned container until sufficient volume is collected to run the analytes of interest.
Equipment rinsate blanks will be run at 10% of the sample load.

82 Sample Handling & Custody

Sample handling and custody procedures ensure that uniquely identifiable samples are transported
to the analytical laboratory with appropriate preservation within prescribed holding times and with
proper documentation. Written documentation of sample custody from the time of sample collection
through the generation of data by analysis of that sample is recognized as a vital aspect of an
environmental study. The chain-of-custody of the physical sample and its corresponding
documentation will be maintained throughout the handling of the sample by following the procedures
outlined below.

Table 8-1 presents stormwater and Table 8-2 presents sediment sample container type, holding time,
preservative and reference for each required parameter. Orthophosphorus and dissolved metals
have a 15-minute holding time prior to filtration. The City will not be able to meet this limit and will
attempt to define an alternative procedure with Ecology and through the collaborative standard
operating procedure project.
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Table 8-1. Stormwater container, preservation and holding time.

Parameter Container’ I Preservation® I Maximum holding time™* Referanca’
Conventionals
Biochemical oxygen demand P.FP,G Cooal, <6 *C" 48 hours. 40 CFR 136
Conductivity, specific P.FP,G Cool, 56 °C? 28 days. 40 CFR 136
Chloride P.FP, G None required 28 days. 40 CFR 136
HNO3 or H2504 to
Hardness P.FP, G pH<2 6 months. 40 CFR 136
Surfactants (MBAS} P.FP, G Cool, s6 °C" 48 hours. 40 CFR 136
Total suspended solids P.FP, G Cool, <6 °C* 7 days. 40CFR 136
Turbidity P, FP, G Cool, <6 °C® 48 hours. 40 CFR 136
Bactaria
Fecal Coliform PA, G Cool, <10°C 6 hours.” 40 CFR 136
Nutrients
Cool, 6 °C°, H2504
Phosphorous, total P.FP, G to pH<2 28 days. 40 CFR 136
Filler within 15 minutes®;
Orthophosphate P,FP, G Cool, <6 °C° Analyze within 48 hours. 40 CFR 136
Cool, <6 °C°, H2504
Total Kjeldahl Nitrogen P, FP, G to pH<2 28 days. 40 CFR 136
Cool, <6 °C°, H2504
Nitrate-nilrite P.FP, G to pH<2 28 days. 40 CFR 136
Metals
Mercury’ P,.FP.G HNO3 to pH<2" 26 days. 40 CFR 136
HNQ3J to pH<2, or af
Metals (zinc, lead, copper and least 24 hours prior
cadmium)® P.FP. G to analysis® 6 months. 40 CFR 136
Organics
G, FP-lined Cool, <6 °C, store in | 7 days unlil extraction, 40
PAHs" cap dark days after extraction. 40 CFR 136
G, FP-lined 7 days unlil extraction, 40
Phthalate esters'” cap Cool, 56 °C* days after extraction. 40 CFR 136
G, FP-lined 7 days until exiraction, 40
Pesticides™ cap Cool, s6 °C? days after exiraction. 40 CFR 136
G, FP-lined HCI to pH < 2, Cool
TPH, NWTPH-Dx cap to 4°C 7 days
HCl to pH < 2, Cool ST
TPH, NWTPH-Gx G, septum to 4°C 7 days
Toxlcity
Toxicity, acute P FP,. G | Coal, <6 °C™ | 36 hours. | 40 CFR 136

Notes for Table 8-1:

prig polyethytene; “FP" is fluoropotymer {polytelrafluoroethylene (PTFE; Tefon&supreg;}, or other fluoropolymer, unless stated otherwise in
this Table II; “G” is glass, “PA" is any plaslic that is made of a sterlizable material {polypropylene or olher autoclavable plastic); “LOPE’ is low

density polyethylene.,

?Except where noted in Lhis Table Il and the methed for the parameter, preserve each grab sample within 15 minutes of collection. For a
composite sample collected with an aulomated sampler (e.g., using a 24-hour composite sampler; see 40 CFR 122.21(g)(7)(i) or 40 CFR Part
403, Appendix E), refrigerate the sample at 6 "C during collection unless specified otherwise in this Table Il or in the method(s). For a
composile sample lo be split inlo separale aliquots for preservation andfor analysis, maintain (he sample at <6 °C, unless specified otherwise
in this Table Il or in the method(s), untii collection, splitting, and preservation is completed. Add the preservative to the sample container prior
to sample collection when the preservative will not compromise the integrity of a grab sample, a composite sample, or an aliquot split from a
compasite sample; olherwise, preserve the grab sample, composite sample, or aliquot split from a composile sample within 15 minutes of
collection. If a composile measurement is required but a composite sample would compromise sample integrity, individual grab samples must
be collected at prescribed time intervals (e.g., 4 samples over the course of a day, at 6-hour inlervals). Grab samples must be analyzed
separately and the concentrations averaged. Altematively, grab samples may be collected in the field and composited in Lhe laboratory if the
compositing procedure produces resufts equivalent to results produced by arithmetic averaging of lhe results of analysis of individual grab
samples. For exampiles of laboratory compositing procedures, see EPA Method 1664A (oil and grease) and the procedures at 40 CFR
141.34(f){14)(iv) and (v) (volaiile crganics),
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Samples should be analyzed as soon as possible after collection. The times listed are the maximurm times that samples may be held before
the start of analysis and still be considered valid (e.g., samples analyzed for fecal coliforms may be held up to 6 hours prior to commencing
analysis). Samples may be held for longer periods only if the pemmittee or monitoring laboratory has data on file to show that, for the specific
types of samples under study, the analytes are stable for the longer time, and has received a variance from the Regional Administrator under
§136.3(e). For a grab sample, the holding time begins at the time of colledion. For a composite sample collected with an automated sampler
(e.g., using a 24-hour composite sampler; see 40 CFR 122.21(g){7)(i) or 40 CFR Part 403, Appendix E}, the holding time begins at the time of
the end of collection of the composite sample. For a set of grab samples composited in the field or laboratory, the holding time begins at the
time of collection of the last grab sample in the set. Some samples may not be stable for the maximum time period given in the table. A
permittee or monitoring laboratory is obligated to hold the sample for a shorter time if it knows that a shorter time is necessary to maintain
sample stability. See §136.3(e) for details. The date and iime of collecticn of an individual grab sample is the date and time at which the
sample is collecled. For a set of grab samples to be composited, and that are all collected on the same calendar date, the date of collection is
the date on which tha samples are collected. For a set of grab samples to be compaosited, and that are collected across two calendar dates,
the date of collection is the dates of the two days; .9., November 14—15. For a composite sample collected automatically on a given date, the
date of collection is the date on which Lhe sample is collected. For a composite sample collected automatically, and thal is collected across
two calendar dates, the date of colledlion is the dates of the two days; e.g., November 14—15.

“Holding time is calculated from time of sample collection to elution for samples shipped to the laboratory in bulk and calculated from the time
of sample filiration to elution for samples filtered in the field.

*References: 40 CFR Part 136 Table Il - Accessed August 13, 2008; Ecology 97-602 - Analytical methods for petroleumn hydrocarbons.

Aqueous samples must be preserved at <6 °C, and should not be frozen unless data demonsirating that sample freezing does not adversely
impaci sample integrity is mainiained on file and accepted as valid by the regulatory authority. Also, for pumposes of NPFDES monitoring, the
specification of “s °C" is used in place of the "4 “C” and "< 4 *C" sample temperature requirements listed in some methods. It is not necessary
to measure the sample temperature to three significant figures { 1/100th of 1 degree); rather, three significant figures are specified so that
rounding down to & °C may not be used to meet the <6 °C requirement. The preservation temperature does not apply lo samples that are
analyzed immediately (less than 15 minutes).

Samples analysis should begin immediately, preferably within 2 hours of colleciion, The maximum transport Lime to the laboratory is 6 hours,
and samples should be processed within 2 hours of receipt at the laboratory.

*Orthophosphorus and dissolved metals have a 15-minute holding time prior to fittration. The City will not be able to meet this limit and will
attemnpt to define an altemative procedure with Ecology and through the collaborative monitoring group.

®An aqueous sample may be collected and shipped without acid preservation {for total metals). However, acid must be added at

least 24 hours before analysis to dissolve any metals that adsorb to the container walls. If the sample must be analyzed within 24
hours of collection, add the acid immediately (see footnote 2). Soil and sediment samples do not need to be preserved with acid.
The allowances in this footnote supersede the preservation and holding time requirements in the approved metals methods.

"“When the extractable analytes of concem fall within a single chernical category, the specified preservative and maximurn holding times
should be observed for optimum safeguard of sample integrity { i.e. , use all necessary preservatives and hold for the shortest time listed).
When the analytes of concem fall within twe or mere chemical categories, the sample may be preserved by cooling to <6 °C, reducing residual
chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-8; samples preserved in this manner may be held for
seven days before extraction and for forty days after extraction.

“'Sufficient ice should be placed with the samples in the shipping container to ensure that ice is still present when the samples arrive at the
laboratory. However, even if ice is present when the samples arrive, it is necessary to immediately measure the temperalure of the samples
and confinm that the preservation temperature maximum has not been exceeded. In the isolaled cases where it can be documented that Lhis
holding temperature cannot be met, the pemnittee can be given the opfion of on-site testing or can request a variance. The request for a
variance should include supportive dala, which show that the toxicity of the effluent samples i not reduced because of the increased holding
lemperature.
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Table 8-2. Sediment container, preservation and holding times.

Parameter Container’ | Preservation | Maximum holding time | Reference®
Total solids P,FP, G Cool, =6 °C 7 days. 40 CFR 136
Grain size P,FP, G Cool to 4°C 6 months PSEP 1997
14 days, 12 mos if frozen
Total organic carbon P,FP, G Cool to 4°C to -18°C PSEP 1997
Total recoverable metals
{zinc, lead, copper,
cadmium) ,FP, G Cool to 4°C 6 months EPA200.8
Total recoverable mercury | P, FP, G Cool to 4°C 28 days EPA7471
G, FP-lined 14 days, 12 mos if frozen
PAH cap Cool to 4°C to -18°C PSEP 1997
G, FP-lined 14 days, 12 mos if frozen
Phthalates cap Cool to 4°C | to -18°C EPA8270D
G, FP-lined 14 days, 12 mos if frozen
Phenolics cap Cool to 4°C to -18°C PSEP 1997
G, FP-lined 14 days, 12 mos if frozen
PCBs cap Coolto 4°C | to -18°C PSEP 1997
14 days, 12 mos if frozen
Pesticides FP, G Coolto 4°C | to -18°C EPA8270D

'Containers presented in Table 8-1.

2A0CFR136 Accessed August 13, 2008; Puget Sound Estuary Protocols 1997, EPA Method 8270D — revision 4 (2007).

821

Sample Identification

All samples will be clearly labeled in the field with indelible ink. Each sample will be uniquely
identified by its sample location identifier combined with the sample method (type and technique, i.e.
manual grab, automatic flow-weighted composite), the event date and time stamp, and the sample
matrix. For composite samples, the date and time stamp will reflect the last aliquot collected.

822 Sample Transportation

The sample teams will collect the stormwater from the automated samplers or collect grab samples,
place the samples on ice, and transport them as soon as possible to the selected analytical

laboratory.

823 Sample Preservation

Other than ice, sample preservation will not be required in the field. Sequential and Composite
samples will be chilled with ice as they are collected. Grab samples must be chilled immediately

following collection.

Chemical preservatives are added to the samples for certain analyses to prolong the stability of the
parameters during transport and storage. Tables 8-2 and 8-3 list the required sample preservatives for
the analytical parameters. If sequential or composite sampling procedures are used, no preservatives
are added to the composite container because no single chemical preservative is suitable for all of
the parameters to be analyzed. The laboratory must first divide the composite sample into the
appropriate bottle for each analysis, and then add chemical preservatives as appropriate for each
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analysis. If manual grab sampling procedures are used (i.e., monitoring personnel directly fill the
containers required for each analysis), the monitoring personnel will add the appropriate preservative
to each sample container immediately.

8.24 Sample Processing

in general, all samples will be minimally processed in the field to prevent potential contamination
from trace pollutants in the atmosphere. Samples will be transported to the analytical laboratory as
soon as possible after sample collection.

Samnple filtration is required when collecting samples for dissolved metals determinations. Filtration
for metals will be conducted by the analytical laboratory to reduce the potentiai for contamination in
the field, especially during storm conditions.

If sequential sampling procedures are used, field staff will mark on the chain-of-custody, which
subsample containers, will be added to the storm composite sample. Laboratory staff will composite
those subsamples. During this process, the subsample bottle will be vigorously agitated to ensure
that all liquid and solid will be transfemred.

Once the composite samples have been delivered to or composited by the laboratory, the laboratory
staff will transfer the composite sample to the appropriate bottles for the required analytical
procedures (see Tables 8-2 and 8-3). During this process, the composite sample bottle will be
vigorously agitated to ensure that a representative sample will be transferred to each bottle. In order 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 U.S. EPA (1996) for the low-level detection of metals. IIf samples are delivered to the
laboratory outside of normal operating hours (6:30 am to 4:30 pm), they will immediately be
split, filtered into the appropriate containers and preserved by field personnel.

825 Holding Times

Holding times (Tables 8-2 and 8-3) are short for some parameters, particularly fecal coliform bacteria,
nutrients, and BOD (24-to-48 hours). For composite samples, the "sample collection time" used
to evaluate holding time limits, is the time that the final sample aliquot is collected. To minimize the
risk of exceeding holding times, the Study Manager will coordinate with the analytical laboratory
prior to each event to ensure that the laboratory is prepared to begin processing samples as soon
as samples are received. In addition, samples will be delivered to the laboratory immediately after
retrieval from field samplers.

826 Chain of Custody Forms

A chain-of custody form will accompany each sample batch that is delivered to the laboratory. The
purpose of chain-of-custody (COC) forms is to keep a record of the sample submittal information
and to document the transfer of sample custody. Standard COC forms will be prepared for the study
that will include sample location identifier, analyses to be requested, and any special considerations,
such as analyses priority order and sample filtration needs. At the time of sample collection, the field
team will record the sample date and time, sample location, matrix, and analyses requested. Any
special instructions for the laboratory will also be noted on the COC form such as specifications of
quality control requirements (e.g., duplicate samples). The COC form must be signed by both the
person relinquishing the samples and the person receiving the samples every time the samples
change hands, thus documenting the chain of custody.
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8.3 Nondirect Measurements

Precipitation data will be collected following Standard Operating Procedures for data collection,
validation, and management to ensure it is of known and documented quality.

9 MEASUREMENT PROCEDURES

The analytical methods specified for this study were specified have perforrance characteristics that
meet the MQOs for precision, bias, and sensitivity described in Section 6-2.

10 QuauTY CONTROL

This section discusses the quality control samples needed {i.e. field splits, trip blanks, field blanks,

temperature checks, etc.) to be collected in the field and the laboratory. Detailed laboratory QC requirements
are contained within the laboratory Quality Assurance Manual, which will be reviewed by the Study Manager.
The MQOs or criterion specified for each QC sample result is summarized in Table 6-2. Sections 10.1 and

10.2 specify the frequency of quality control samples and the Glossary provides definitions and explanations of
analytical and field quality control samples.

10.1 Analytical Quality Control

Laboratory analytical quality control (QiC) procedures involve the use of four basic types of QC samples. QC
samples are analyzed within a batch of client samples to provide an indication of the performance of the entire
analytical system. Therefore, QC samples go through all sample preparation, clean up, measurement, and
data reduction steps in the procedure. In some cases, the laboratory may perform additional tests that

check only one part of the analytical system. Please refer to the Glossary for a definition of each laboratory
QC sample.

Table 10-1. Laboratory Quality Control Samples by Matrix.

QG Sample Matrix Frequency of Analysls
Malrix Spike (MS) Water

One of each per batch of 20 or fewer samples
of similar matnx.

Laboratory {or Matrix) Duplicate (MSD) Waler
One of each per batch of 20 or fewer samples

Sediment of similar matrix,
Method or Preparation Blank (MB) Walter
» One of each per balch of 20 or fewer samples
Sedimenl of similar matrix.
Laboratory Control Samples (LCS) Sedimenl

One of each per balch of 20 or fewer samples
of similar malrix.

10.2 Field Quality Control

Field quality control (QC) procedures inveolve the use of two basic types of QC samples: duplicates (or field
replicates) and blanks. Please refer to the Glossary for a definition of each.

Schedule
¢ A duplicate will be taken from the composite at a rate of 10% for each sample container and analysis
(surface water and sediment). Due to difficulties of sampling within pipes, only one complete field
duplicate (replicate autorated sampler) will be executed per year.

*  Atrp blank will accompany sample events for Total Petrcleum Hydrocarbons and will be submitted
from successfully sampled storms.

¢ Equipment will not be cleaned in the field. Each piece of equipment, which is not certified pre-
cleaned by the manufacturer, will be subjected to two equipment blanks per year.

e Two field blanks will be conducted by field crews to estimate atmospheric/operations contributions of
contaminants, including dissolved metals, bacteria and nutrients.

e Each bottle and container will be subjected to two blanks per year.
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11 DATA MANAGEMENT & DOCUMENTATION PROCEDURES

This section discusses data management, which addresses the path of data from recording in the
field or laboratory to final use and archiving. The data management and documentation strategy
combines the use of Standard Operating Procedures (SOPs) that specify documentation needs
and provide for consistency when collecting, assessing, and documenting environmental data
and electronic storage of all documents and records on servers that are regularly backed up.

Documents will be archived in portable document format (pdf) on City of Tacoma’'s network
server. Data will also be managed and archived on City of Tacoma'’s network server. These
documents and all data will be maintained for five years.

11.1 Documents and Records

Four types of documentation will be managed: (1) field operation records; (2) laboratory records;
(3) data handling records and (4) Plan revision documentation.

11.1.1 Field Operation Records Field operation records may include:

Go/No-go Event Report

Discharge Measurement Notes (when collected)

Level Notes (when collected)

Data sheets and field notes

Photographs taken of the described activities (when taken)
Calibration & Maintenance Notes

Water quality sampling - During each pre- and post-storm site visit to each monitoring station
for water quality sampling, the following information will be recorded on a waterproof standardized
field form:

Site Name
Date/time of visit and last sample collected

Name(s) of field personnel present
Weather and flow conditions

Sampler battery voltage

Logger battery voltage

Rain gauge condition, if applicable

Desiccant condition

Number of aliquots (if sampled)

Sampling errors? (if sampled)

Sample duplicated? (if sampled)

Estimated sample volume (if sampled)

Log of photographs taken

Presence of obstructions in primary measurement device or sample tubing and

remedial actions taken

« Unusual conditions (e.g., oily sheen, odor, color, turbidity, discharges or spills,
and land disturbances)

¢ Deviations from approved sampling procedures
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Storm Report - The following information will be compiled for each storm sampled:

Storm precipitation depth
Storm duration

Storm average intensity
Storm peak intensity
Storm antecedent dry period

Peak discharge rate at each station
Runoff volume at each station

Flow duration at each station.
Inter-event dry period, if applicable

Sediment Trap or Sediment monitoring - During site visits made for sediment sampling
related to this study, field personnel will record the following information on a waterproof
standardized field form:

Date and time of sample collection or visit

Name(s) of sampling personnel
Weather conditions

Number and type of samples collected

Location of each sample

Sediment depth at each sample location

Color, odor, and grain size characteristics of each sample

Log of photographs taken

Unusual conditions (e.g., water color or turbidity, presence of oil sheen,
odors, and land disturbances).

* Deviations from approved sampling procedures

11.1.2 Laboratory Records

Internal and contract laboratories will be required to provide a Tier IV Data Package as defined
by the Environmental Protection Agency, Contract Laboratory Program. The data package will
be provided to the QA Coordinator and will be available to Ecology.

A hardcopy and electronic (pdf format) report for each analysis suite to include;

¢ what analyses were performed and what results were obtained,

« that the data had acceptable properties (such as accuracy, precision, method reporting
limits),

* where, when, and by whom the analyses were performed,

s that the analyses were done under acceptable conditions (such as calibration,
control, custody, using approved procedures, and following generally approved
good practices), and

e that the SOW was otherwise followed.

The data package will report the test results clearly and accurately. The test report will include the
information necessary for interpretation and validation of data and will include the following:

e Report title,
e Name and address of laboratory,
« Name and address of client and study name,
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Subcontractor results clearly identified,
Description and unambiguous name of tested sample,
Date and time of sample collection, date of sample receipt, and date and time of
analysis,
Preservation at time of sample acceptance (temperature, pH, etc.),

« Identification of test method,

e QC resuits for method blank, MS/MS duplicates, LCS, calibration and other as
appropriate,

¢ An explanation of failed QC and any non-standard conditions that may have affected
quality, including corrective actions and plan to prevent loss of quality
A signature and title of laboratory director or designee, and.

e Chain of Custody and sample receipt forms.

Internal laboratories will allow direct access of the Quality Assurance Coordinator (QAC) to the
Laboratory Information Management System, including all QA/QC results. The QAC will not have
author rights to alter data in the LIMS system but may further censure data beyond laboratory
recommendation, in compliance with standard operating procedures and following consultation with
the Laboratory and Program managers.

Contract laboratories will provide the Tier IV data package in hardcopy and as an Excel or database
uploadable file.

11.1.3 Data Handling Records

This section describes the approach for record control and storage of each sampling event. All
documents associated with a sampling event will be stored electronically and as paper copies
for a period of five years. Each sampling event will be documented with the following records:

Field Datasheet,

Chain of Custody (COC),

Field QA Report,

Data Package,

Data Validation Memo,

Electronic Data Deliverable with Quality & Usability Flags.

All documents will be provided in portable document format (pdf) with the exception of the flow data and
the Electronic Data Deliverable, which will be in Excel format. Continuous flow data will be retained
electronically on Tacoma's network server for a period of five years.

11.2 Reuvisions to the QAPP

In the event that significant changes to this QAPP are required prior to the completion of the study,
a revised version of the document shall be prepared and submitted to the Program Manager for
review. The approved version of the QAPP shall remain in effect until the revised version has been
approved.

Expedited Changes to the QAPP should be approved before implementation to reflect changes in
study organization, tasks, schedules, objectives, and methods, address deficiencies and non-
conformance, improve operational efficiency and accommodate unique or unanticipated
circumstances. They are effective immediately upon approval by the Program Manager and Quality
Assurance Coordinator, or their designees, and any regulatory authority if needed.
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Justifications, summaries, and details of expedited changes to the QAPP will be documented and
distributed to all persons on the QAPP distribution list by the Program Manager. Expedited
changes will be reviewed, approved, and incorporated into a revised QAPP during the annual
revision process or within 120 days of the initial approval in cases of significant changes.

12 AUDITS AND REPORTS

This section discusses assessment, response actions, and corrective actions to ensure all data is
being collected as described in this Plan.

12.1 Assessments and Response Actions

Field, analytical, and data management activities are evaluated based on the schedule below.

Table 12-1. Assessment and response action schedule.

Assessment Approximate Responsible Scope Response
Activity Schedule Party Requirements
Laboralory December 2009 QA Ccordinalor | Analytical and quality conirol procedures 30 days to respond in
Inspections empioyed at the laboratory and the contract writing to address
laboratory comrective actions.
Monitoring November 2009 QA Coordinator | The assessment will be tailored in accordance 30 days to respond in
Systems Audit with objectives needed to assure compliance with | writing to address
lhe QAPP and may include; field sampling; comective actions.
handling and measurement; facility review; and
data management as they relate to the study.
Site Visit January 2009 Study Manager | Status of activities. Overall compliance with work As needed.
plan and QAPP

12.2 Deficiencies, Nonconforrmances and Corrective Action

The Study Manager is responsible for implementing and tracking cormrective action procedures
because of audit findings. Records of audit findings and corrective actions are maintained by both
the QA Coordinator and Program Manager.

If audit findings and corrective actions cannot be resolved, then the authority and responsibility for
terminating work is specified in the laboratory’s Quality Assurance Manual and in agreements or
contracts between participating organizations.

Deficiencies are defined as unauthorized deviation from procedures documented in the QAPP.
Nonconformances are deficiencies that affect quality and render the data unacceptable or
indeterminate.

Deficiencies related to sampling methods requirements include, but are not limited to, such things as
sample container, volume, and preservation variations, improperf/inadequate storage temperature,
holding-time exceedances, and sample site adjustments.

Deficiencies related to chain-of-custody include but are not limited to delays in transfer, resulting in
holding time violations; incomplete documentation, including signatures; possible tampering of
samples; broken or spilled samples, etc.
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Deficiencies related to field and laboratory measurement systems include but are not limited to
instrument malfunctions, blank contamination, quality control sample failures, etc.

Deficiencies related to Quality Control include but are not limited to quality control sample failures.

Deficiencies are documented in logbooks, field data sheets, etc. by field or laboratory staff and
reported to the cognizant field or laboratory supervisor who will notify the Program Manager. The
Program Manager will notify the QA Coordinator of the potential nonconformance within 24 hours,
who will then initiate a Nonconformance Report (NCR) to document the deficiency.

The Program Manager, in consultation with QA Coordinator (and other affected
individuals/organizations), will determine if the deficiency constitutes a nonconformance. Ifitis
detemmined that the activity or item in question does not affect data quality and therefore is not a valid
nonconformance, the NCR will be completed accordingly, and the NCR closed. If it is determined a
nonconformance does exist, the Study Manager in consultation with QA Coordinator will determine
the disposition of the nonconforming activity or item and necessary corrective action(s); results will be
documented by the contractor QA Coordinator by completion of a Corrective Action Report.

Corrective Action Reports (CARs) document: root cause(s); programmatic impact(s); specific
corrective action(s) to address the deficiency; action(s) prevent recurrence; individual(s) responsible
for each action; the timetable for completion of each action; and, the means by which completion of
each corrective action will be documented. CARs will be included with quarterly progress reports. In
addition, significant conditions (i.e., situations that, if uncormrected, could have a serious effect on
safety or on the validity or integrity of data) will be reported to the Program Manager immediately both
verbally and in writing.

13 DATA VERIFICATION AND VALIDATION

This element describes the procedures used to determine if the MQOs established in Section 6.2 for
the six data quality indicators have been met. The result is data of known and documented quality,
we answer the question; are the data of sufficient quality and quantity to meet the use for which they
are intended.

The quality of the data is indicated by data qualifier codes, notations used by [aboratories and data
reviewers to briefly describe, or qualify, data and the systems producing data. Laboratory data
qualification will follow EPA’s Superfund Methods of Organic and Inorganic Data Review
(hitp:/Avww.epa.gov/oerrpage/superfund/programs/clp/guidance.htm).

During data review, verification, and validation, results are either accepted or reported with data
qualifiers or flags. Data that meet all QC acceptance limits are potentially usable and are not
qualified. Data that fail one or more QC criteria are qualified as estimated (with the J flag), tentatively
rejected (with the S flag), or rejected (with the R flag). The distinction between estimated, tentatively
rejected, and rejected data resides in the degree of the QC failure and is highly dependent upon the
reviewer's understanding of the objectives of the study.

This section discusses data review, verification, and validation. Data will be reviewed, verified, and
validated using a Tier Il data review level (Table 13-1).
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Table 13-1. Data review levels.

Tier Description

Tier | — Compliance Indudes evaluation of package completeness; sample chain-of-custody; sample

Screening preservation and analylical holding times; blank contamination; precision (replicate
analyses), accuracy (compaound recovery); target analyte list, and detedlion limits.

Tier Il — Summary Includes evaluation of all QC elements from Cormplisnoe Screening plus instrument

Validation performance (inlial calibration, centinuing calibration, tuning, sensitivity and degradation.

Tier lll — Full Validation Includes evaluation of all QC elements from Summary Validation plus evaiuation of
compound identification and quantitation (transcription and calculation checks).

13.1 Data Review, Verification, and Validation

This section discusses how data are reviewed and decisions made regarding accepting, rejecting, or
qualifying data.

For the purposes of this document, data verification is a systematic process for evaluating
performance and compliance of a set of data to ascertain its completeness, correctness, and
consistency using the methods and criteria defined in the QAPP. Validation means those processes
taken independently of the data-generation processes to evaluate the technical usability of the
verified data with respect to the planned objectives or intention of the study. Additionally, validation
can provide a level of overall confidence in the reporting of the data based on the methods used.

All data obtained from field and laboratory measurements will be reviewed and verified for
conformance to study requirements, and then validated against the measurement quality objectives,
which are listed in Section 6. Only those data that are supported by appropriate quality control data
and meet the measurement performance specification defined for this study will be considered
acceptable and used in the study.

The procedures for verification and validation of data are described in Section 13.2, below.

13.2 Verification and Validation Methods

Procedures used to validate and verify data will be described in a SOP, which will also include roles,
responsibilities, and documentation. All data will be verified to ensure they are representative of the
samples analyzed and locations where measurements were made, and that the data and associated
quality control data conform to study specifications. The data verification procedures will generally
include:

e Storm event verification (i.e., did the sampling event meet the established storm criteria);

« Sampler verification (i.e., did the sampler collect a valid flow-paced sample and capture
the appropriate storm volume);

+ Field QC (did we collect at appropriate frequency and did they meet the established
control limits); and

» Laboratory QA/QC (did lab meet established control limits).
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14 DATAQUALITY (USABILITY) ASSESSMENT

This element describes the procedures used to determine if the MQOs established in Section 6.2
have been met. The result is data of known and documented quality, we answer the question; are
the data of sufficient quality and quantity to meet the use for which they are intended. During the
data usability assessment, data that are believed to be completely unusable with a high degree of
confidence (e.g., because of the gross failure of QC criteria) are qualified as rejected and would not
normally be used to support decisions for an environmental study.

This section describes the process for determining the data usability, the method for data reduction,
and the process for assessing the data quality. The methods and procedures that will be used to
determine if the DQO’s established in Section 6.1 have been met and to prepare presentation of the
study results are discussed. The purpose of this process is to determine: if the decision (or estimate)
can be made with the desired confidence, given the quality of the data set?

Usability is defined as a qualitative decision process whereby the decision-makers evaluate the
achievement of measurement quality objectives and determine whether the data may be used for the
intended purpose.

Data reduction is the process of converting raw data to results. Study-specific data reduction
methods are designed to ensure that data are accurately and systematically reduced into a usable
form.

Data Quality Assessment (DQA) is the scientific and statistical evaluation of data to determine if
data obtained from environmental data operations are of the right type, quality, and quantity to
support their intended use.

14.1 Data Usability Assessment

Usability is defined as a qualitative decision process whereby the decision-makers evaluate the
achievement of measurement quality objectives and determine whether the data may be used for the
intended purpose. Three levels or classes of data quality are used:

¢ Accepted Data conform to all requirements, all quality control criteria are met, methods
were followed, and documentation is complete.

+ Qualified Data conform to most, but not all, requirements, critical QC criteria are met,
methods were followed or had only minor deviations, and critical documentation is
complete.

e Rejected Data do not conform to some or all requirements, critical QC criteria are not
met, methods were not followed nor had significant deviations, or critical documentation
is missing or incomplete. The results are unusable.

Data usability assessment is a more complex and comprehensive activity than data review or
validation and is usually performed by the end user (rather than by the data reviewer) because the
data user typically possesses a greater understanding of the study’s DQOs (e.g., because of a more
extensive knowledge of the study’s history). Therefore, the end user must ultimately determine the
acceptability of the data. However, this does not imply that the end user may apply qualified data in
an indiscriminate fashion.
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Tentatively rejected data must not be used to support study decisions unless the data user presents
(i.e., documents) some technical rationale for doing so. In other words, tentatively rejected data must
ultimately be rejected (e.g., using the R flag) in the absence of a scientifically defensible rationale to
do otherwise. Furthermore, when data qualified as tentatively rejected are used to support decisions
for a study, the data reviewer should be consulted for a consensus unless it is clear that the reviewer
did not possess a complete understanding of the objectives of the investigation (e.g., new DQOs
were established after the data review was performed).

Ideally, estimated (i.e., J-qualified) data, though presumed to be usable by the data reviewer, should
be accepted by the end user only after the reasons for the data qualifications and their impact on the
achievement of study DQOs have been examined.

The usability assessment includes assessment of potential outliers, confirmation that the data is
comparable and representative, and calculation of the completeness:

* Identification of outliers from the previous quarter's data collection efforts,

* Confirmation of outliers from previous data collection efforts when sufficient data is
available to complete the outlier test,

Confirmation of the comparability of the data,

Confirmation of the representativeness of the data, and

Calculation of the completeness for each dry and wet season for the water year to date.
Definitions for each DQI can be found in the Glossary as well as the equation for
calculating completeness.

14.2 Data Quality Assessment Metrics
Data Quality Assessment (DQA) will be described in detail in each QAPP.

15 DATAANALYSIS & PRESENTATION

This section discusses the content of the study report. Data analysis and presentation will be described in detail
in each QAPP.
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A3 Dislribution List
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5. Organizaltion and Schedule Ad Project/Task Organizalion
Il. Type, quality, and quantity of data needed
6. Quality Objectives A7 Quality Objectives and Criteria for Measurement Daia
7. Sampling Process Design (Experimental
Design) B1 Sampling Process Design (Experimental Design)
lll. Sampling and measurement procedures to acquire those data

8. Sampling Procedures B2 Sampling Methods

B3 Sample Handling and Custody
9. Measurement Procedures B4 Analytical Methods

IV. Study implementation QA/ QC procedures to ensure Plan is followed

10. Quality Control B5 Quality Contrel

B6 Insirument/Equipment Testing, Inspection, and Maintenance
B7 Instrument/Equipment Calibration and Frequency
B8 inspection/Acceptance of Supplies and Consumables

11. Data Management Procedures B10 Data Management

12. Audils and Reports C1 Assessments and Response Actions
C2 Reports to Management

IV. Assessment procedures to ensure that study objectives are met

13, Data Verification and Validation D1 Dala Review, Verification, and Validation
D2 Verification and Validation Methods
14. Data Quality (Usability) Assessment D3 Reconcilialion with User Requiremenls

15. Data Analysis and Presentation
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Glossary

Accuracy - Accuracy is defined as the degree of agreement of a measurement to an accepted reference or true
value. Analytical accuracy will be measured as the percent recovery (percent R) of an analyte in a
reference standard or spiked sample. Accuracy (percent R) criteria for matrix spike recoveries and
surragate recoveries will be within limits specified in the QAPP. Accuracy shall be calculated as
percent recovery of matrix spikes as follows:

R, (%) =%xl 00%

i

where:

% Ri = percent recovery for compound i

Yi = measured spike concentration in sample | (measured -
original sample concentration)

Xi = known spike concentration in sample i

The resuitant percent recoveries will be compared to the criteria specified in the QAPP and
deviations from specified limits reported. If the objective criteria are not met, the laboratory will
supply a justification of why the acceptability limits were exceeded and implement the appropriate
actions. Percent recoveries will be reviewed during data validation, and deviations from the specified
limits will be noted and the effect on reported data commented upon by the data reviewer.

Hydrologic data have no “true” results for comparison. For hydrologic data, accuracy will be
assessed by comparison of results to repeat measurements using another instrument, engineering
calculations, or to manufacturer specifications and expressed as bias;

% Bias = MI' L 100%

where;
M = measured value
T = Independent (true value).

Discharge data — The independently measured value may be determined by measuring the
cross-sectional area of flow at a particular station and the average flow velocity using a portable
meter (e.g., Marsh-McBirney Flo-Mate). These data will then be processed in accordance with
standard procedures (PSEP 1997) to estimate discharge. Alternatively, the independently
measured value may be determined by routing the flow from a particular station to a container
with a known volume (e.g. graduated cylinder, bucket, or jerrycan) and measuring the time
required to fill this container.

Water level data - The independentiy measured value will be derived by measuring the water
depth in the primary measuring device at a particular station using a staff gauge or ruler.

Precipitation depth - The independently measured value is the theoretical accuracy as specified
by the manufacturer. The rain gauge’s actual readings will be determined by measuring the
volume of water required to initiate one tip of the associated bucket by adding incremental drops
of water with a pipette.

Revision: $8-003 (Final) Revision Date: 08/16/2009



Comparability - Comparability is the confidence with which one data set can be compared to another.
Comparability can be related to accuracy and precision, as these quantities are measures of data
reliability. Data are comparable if sample collection techniques, measurement procedures, analytical
methods and reporting are equivalent for samples within a sample set.

To assure analytical comparability the laboratory will;

o Use Naticnal Institute of Standards and Technology or USEPA - traceable standards
o Use standard methodologies

o Apply an appropriate level of quality control

o Participate in interlaboratory studies to document laboratory performance

As with representativeness, quantitative criteria for data comparability are difficult to establish, hence,
a qualitative assessment of data comparability will be made of applicable data sets.

Completeness — An element of the data verificalion process. Completeness ensures that a sufficient amount
of data and information (relative to the prescribed DQOs) are present. A Measurement Quality
Objective (MQO), completeness is defined as the percentage of valid analytical results (results not
qualified as R, rejected) obtained compared with the total number of analytical results required by the
study scope of work. Analytical completeness is defined as the percentage of valid analytical results
obtained compared with the total number of analyses requested. Completeness will be calculated as
follows:

C(%) = %100%

where:
%C = Percent completeness (field / laboratory)
A =  Actual number of valid samples collected / analyses obtained

| Intended number of samples / analyses requested

Compliance - An element of the data verification process. The extent that adherence to SOPs, QAPP, and/or
contractual requirements were followed, achieved, andfor completed successfully, and that conditions
under which the data were recorded also met the requirements. Compliance ensures that the data
pass numerical quality control tests, including criteria on precision and accuracy, based on parameters
or specified limits specified in relevant SOPs and or QAPP.

Composite samples — A composite sample is a mixed or combined sample that is formed by combining a
series of individual and discrete samples of specific volumes at specified intervals. Although these
intervals can be time-weighted or flow-weighted, the stormwater regulations require the collection of
flow-weighted composite samples. This means that discrete aliquots, or samples, are collected and
combined in proportion to flow rather than time. Composite samples characterize the quality of a
stormwater discharge over a longer period of time, such as the duration of a storm event,

Consistency - An element of the data verification process. The extent to which data collection procedures were
done in a similar manner across different sites (if applicable) and data reporting was done in a similar
manner in multiple places. Consistency (also known as comparability) ensures that the reported values
are the same when used throughout the study.

Correctness - An element of the data verification process. A mechanical, objective check that data collection
plans and protocols have been followed and that basic operations and calculations were performed
using properly documented and properly applied algorithms. Cormectness ensures that the reported
values are based on properly documented algorithms.

Field Blanks - Field blanks are also commonly called field rinsate blanks, decontamination blanks and
equipment blanks. A field blank evaluates the effectiveness of decontamination procedures when
equipment is not dedicated to a site or disposed of after one use. If decontamination procedures are
effective, there should be no contamination in the field blanks. Field blanks are not required if dedicated
sampling equipment or disposable sarmpling equipment is used. A field blank consists of a sample of
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the reagent grade water supplied by the laboratory and used in the final rinse step of the equipment
decontamination procedure. Process the field blank water through the equipment the same way you
process any other final rinse water.

Field Replicates - A field replicate (duplicate) sample is collected to determine the variability of analytical results caused
by the sampling equipment and procedures used.

Field replicates are samples collected simultanecusly or sequentially from the same sampling location
using identical sampling methods. The samples equally represent as nearly as possible the medium
being sampled, and may provide information of the variance of chemicals at a sampling location and
the consistency of sampling techniques.

Replicate samples will be collected at the time of sample collection. Replicate samples will be
sent to the laboratory. The final number of replicate samples collected and submitted for analysis
to each laboratory will equal or exceed 10 percent of the total number of primary samples for
each analytical method.

Grab Sample - A grab sample is a discrete, individual sample taken within a short period of time (usually less
than 15 minutes). Analysis of grab samples characterizes the quality of a storm water discharge at a
given time of the discharge.

Interquartile Range (IQR) - The interquartile range (IQR) is the most commonly used resistant measure of
spread. [t measures the range of the central 50 percent of the data, and is not influenced at all by the
25 percent on either end. The IQR is defined as the 75th percentile minus the 25th percentile.

The 75th, 50th (median) and 25th percentiles split the data into four equal-sized quarters. The
75th percentile (P.75}, also called the upper quartile, is a value which exceeds no more than 75
percent of the data and is exceeded by nc more than 25 percent of the data. The 25th percentile
{P.25) or lower quartile is a value, which exceeds no more than 25 percent of the data and is
exceeded by no more than 75 percent.

Interim Minimum Level - The interim minimum level is catculated when a method specified ML does not exist.
It is equal to 3.18 times the method specified MDL.

Laboratory Control Samples - Laboratory control samples (LCS) are well-characterized, laboratory-generated
samples used to monitor the laboratory's day-to-day performance of routine analytical methods.
Certain LCS are used to monitor the precision and accuracy of the analytical process, independent of
malrix effects. Other LCS are used to identify any background interference or contamination of the
analytical system, which may lead to the reporting of elevated concentration levels or false positive
measurements.

The results of the LCS are compared to well-defined laboratory acceptance criteria to determine
whether the laboratory system is "in control.” Controlling lab operations with LCS (as opposed to
MS/MSD samples) offers the advantage of being able to differentiate low recoveries due to
procedural errors from those due to matrix effects. One LCS should be analyzed for every set of
20 or fewer samples or with each sample preparation lot.

Percent recovery for laboratory controls will be calculated using the following equation:

M
%R =—x100%
T

where;

%R = percent recovery
M = measured value
T = true value.

Laboratory (or Matrix) Duplicate - A laboratory duplicate is a split of an environmental sample, which is
prepared and analyzed in a manner identical to that of the original sample, The results are utilized to
evaluate the precision of the laboratory analyses. Results are expressed in Relative Percent Difference
(percent RPD) between analytical results for the split and the original sample.
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If more than five but less than 20 samples are submitted, at least one laboratory duplicate should
be analyzed. A general rule is one laboratory duplicate far every batch of up to 20 samples
analyzed together.

Matrix Spike - A malrix spike (MS) is an environmental sample to which known concentrations of analytes have
been added. The matrix spike is taken through the entire analytical procedure and the recovery of the
analytes is calculated. Results are expressed as percent recovery of the known amount spiked. The
malrix spike is used to evaluate the effect of the sample matrix on the accuracy of the analysis.

One matrix spike sample should be analyzed for every set of 20 or fewer samples or with each
sample preparation lot. The spike solution is added to samples prior to digestion. The sample
that is chosen for spiking should be the same sample used for laboratory duplicate analysis. The
amount of spike added to the sample should be 2-to-5 times the expected sample concentration
or the IDL, which ever is greater. Matrix spike recovery is calculated using the formula:

S-U
%R = ( ) x 100%
C
5a
where:
%R = percent recovery
S = measured concentration in spike sample
u = measured concentration in unspiked sample
Csa = actual concentration of spike added.

Method Detection Limit (MDL) — The minimum concentration of an analyte that can be measured and
reported with 99 percent confidence that the analyte concentration is greater than zero as determined
by a specific laboratory method (40 CFR 136).

Method or Preparation Blank - A method blank consists of analyte-free deionized water. The methed blank is
carried through each step of the analytical method. The method blank data will be used to detect any
laboratory contamination during analysis.

A method blank is required for each batch of samples prepared for analysis, except in the case of
volatile organic analyses, which should be analyzed at least once every 12 hours.

Method Reporting Limit {MRL) — The concentration at which confidence in the reported value requires no
qualifying remarks. The MRL should be 3-5 times the MDL. A standard is run at the MRL to verify
acceptable data quality. The MRL may be affected by sample size, sample dilution, and matrix
interference.

Minimum Level (ML) - the concentration at which the entire analytical system must give a recognizable signal
and acceptable calibration point. The ML is the concentration in a sample that is equivalent to the
concentration of the lowest calibration standard analyzed by a specific analytical procedure, assuming
that all the method specified sample weights, volumes and processing steps have been followed.

Outlier - Outliers are measurements that are extremely large or small relative to the rest of the data and,
therefore, are suspected of misrepresenting the population from which they were collected.

Precision Objectives - Precision is the degree of agreement between a set of replicate measurements.
Precision will be measured as the relalive percent difference (RPD) between duplicate analyses for
matrix spike duplicates, laboratory duplicates, and field duplicates.

Precision RPD for matrix spike duplicates and laboratory duplicates will be within limits specified in

2/0,-D)|
RPD, (%) = ‘O—DXIOO%

the QAPP. Precision will be calculated as the relative percent difference (RPD) as follows:

where:
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% RPD, = Relative percent difference for compound i
G = Value of compound i in original sample
D; = Value of compound i in duplicate sample

The resultant %RPDs will be compared to the criteria specified in the QAPP and deviations from
specified limits reported. If the objective criteria are not met, the laboratory will supply a justification
of why the acceptability limits were exceeded and implement the appropriate actions. The percent
RPDs will be reviewed during data validation, and deviations from the specified limits will be noted
and the effect on reported data commented upon by the data reviewer.

Quality control objectives for field replicate precision have not been established by the USEPA.
These analyses measure both field and [ab precision; therefore, the results may also have more
variability than lab duplicates which measure cnly lab performance. It is also expected that fish
tissue replicate results will have a greater variance than water matrices due to the inherent variability
in the fish.

Quartile skew coefficient, gs. A resistant measure of skewness. The difference in distances of the upper
and lower quartiles from the median, divided by the IQR. A right-skewed distribution again has
positive gs; a left-skewed distribution has negative gs. Similar to the IQR, gs uses the central 50
percent of the data.

Representativeness - Representativeness is the degree to which data accurately and precisely represents a
characteristic of a population, parameter concentrations at a sampling point, or an environmental
condition of a site. Representativeness is a function of sample site selection, sampling metheds, and
analytical techniques. The rationale for sample site selection and sampling methodology is provided in
Section 7. Representativeness will be maintained by performing all sampling, sample handling, and
analyses in compliance with the procedures described in this QAPP and the referenced analytical
methods.

Itis difficult to establish quantitative representativeness criteria. Representativeness of the analytical
data may be determined by a comparison of the quality control data for the samples to established
criteria, and by affirming that sampling and analytical methods conformed to established plans and
methods.

Sample Type — Sample type refers to the king of sample that must be collected — either a grab or composite.

Sample Technique — Sample technique refers to the method by which a grab or composite sample is
actually collected — either manually or by automatic sampler.

Standard Reference Material — Standard Reference Materials (SRM'’s) general are considered the most useful
QC samples for assessing the accuracy of a give analysis (i.e., the closeness of a measurement to he
“true” value). SRM's can be used to assess accuracy because the have “certified” concentrations of
the analytes of interest, as determined through replicate analyses by a reportable certifying agency
using two independent measurement techniques for verification. In addition, the certifying agency may
provide “non-certified” or “informational” values for other analytes of interest. Such values are
determined using a single measurement technique, which may infroduce unrecognized bias.
Therefore, non-certified values must be used with caution in evaluating the performance of a laboratory
using a method which differs from the one used by the certifying agency.
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