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1

INTRODUCTION

This water quality monitoring plan (WQMP) describes protocols that will be implemented
during construction to monitor water quality in the Lower Duwamish Waterway (LDW) during
the Adjacent Streets and Stormwater portion of the Terminal 117 (T-117) non-time-critical
removal action. The WQMP specifically addresses the two actions associated with construction
that have the potential to affect the LDW: 1) outfall installation adjacent to, and waterward of
mean higher high water (MHHW); and 2) emergency discharge of non-contact stormwater
during construction, where non-contact refers to stormwater runoff from portions of the project
site that have not yet been disturbed (e.g., existing paved streets) or that have been restored to
“stabilized1” conditions following removal of contaminated soil.
The Adjacent Streets and Stormwater project involves the removal of contaminated soils from
within designated portions of the rights-of-way of Dallas Avenue S., 16th Avenue S., 17th
Avenue S., and S. Donovan Street, and subsequent restoration, including the installation of new
stormwater infrastructure, placement of imported clean fill, site grading, and installation of new
pavement, sidewalks, and curb and gutters. These activities are described in more detail in the
Adjacent Streets and Stormwater removal action design report (RADR). The Adjacent Streets
and Stormwater project is the final phase of the T-117 early action; it follows the Residential
Yards cleanup that was completed in March 2013, and the Sediment and Upland Areas cleanup
that is planned to be completed in the late 2014 to early 2015 in-water construction window
(anticipated to consist of backfill/riprap placement). The completed stormwater collection and
treatment system in the rights-of-way adjacent to the T-117 property and the piping and outfall
crossing the T-117 property will provide collection, conveyance, and water quality treatment in
accordance with City Code and the City’s National Pollutant Discharge Elimination System
(NPDES) Municipal Separate Storm Sewer Systems permit (Figure 1-1).
This WQMP addresses short-term monitoring during construction for the subject construction
activities 1 and 2 listed above. It provides an approach and methodology for evaluating
whether outfall construction activities adversely impact the LDW surface water, and defines the
protocol for providing real-time feedback to the contractor, the City of Seattle (City), and U.S.
Environmental Protection Agency (EPA) staff on the testing results so that all construction
activities remain in compliance with water quality criteria. This WQMP does not address longterm monitoring of the completed stormwater system and outfall. A 60% draft of a long-term
monitoring and maintenance plan (LTMMP) will be developed and submitted to EPA at the
same time as the removal action work plan. The LTMMP will describe monitoring that will be
conducted to evaluate the potential effects of stormwater discharge on sediment quality
1 “Stabilized” means that soil-disturbing activities are complete and that permanent vegetative cover is established,
or equivalent permanent stabilization measures (e.g., pavement, riprap, or geotextiles) have been placed, which will
prevent erosion.
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associated with discharges from the outfall during operations, as required in the T-117 Action
Memorandum (USEPA 2010).
EPA has determined that a Clean Water Act, Section 401 Substantive Water Quality
Requirements Memorandum (401 Water Quality Memo) is not required for this project,
specifically the stormwater outfall installation and potential emergency non-contact stormwater
discharge(s) to the LDW, as described in the draft final RADR. The rationale for EPA's
determination is as follows:
1. All activities associated with stormwater outfall installation shall be completed “in the
dry” (at low tide), even though the work extends below the ordinary high water mark at
the river bank.
2. All excavation associated with the stormwater outfall installation in the Phase 3 area
(discussed in Section 2 below) shall be conducted in clean upland fill and bank material
placed by the Phase 1 Port cleanup project conducted in 2013/14.
3. Best management practices (BMPs), tiered monitoring, and oversight activities identified
in the RADR and this WQMP shall be implemented for both the stormwater outfall
installation and potential emergency discharges of non-contact stormwater.
The EPA-approved final design documents and RAWP will serve as the basis for performing
this work for the duration of the project in lieu of a 401 Water Quality Memo.
As indicated above, this WQMP describes monitoring that is required 1) during installation of
the new stormwater outfall if turbidity is visually observed, and 2) if/when direct discharge of
non-contact stormwater (i.e., runoff from paved areas and other undisturbed areas) from the
Adjacent Streets area becomes necessary. The need for an emergency direct discharge to the
LDW of non-contact stormwater from the Adjacent Streets to the LDW is considered unlikely.
As planned, construction shall occur during the summer dry season and storage for runoff from
up to a 2-year, 24-hour rainfall event shall be provided onsite; therefore, emergency discharge
to the LDW might only be triggered by an unusually large storm or prolonged series of storm
events. These stormwater discharges have been and will continue to be covered under the
City’s NPDES Municipal Separate Storm Sewer Systems permit. During construction, only
emergency discharge of non-contact stormwater to the LDW will be allowed. If needed, these
emergency discharges are expected to last less than 24 hours. Although this stormwater is not
from areas under construction and is covered under the City’s NPDES Municipal Separate
Storm Sewer Systems permit, these discharges will also be monitored under the substantive
requirements of a State of Washington Construction Stormwater General Permit (CSWGP) as
outlined in the City Standard Specifications (8-01.3) and Project Specifications (RADR
Attachment A2, 1-07.34(4) and 1-07.6(1)). For completeness, these discharges are also covered
under this WQMP.

Integral Consulting Inc.
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All other construction waters (contact stormwater, process water, and dewatering liquids)
resulting from the Adjacent Streets and Stormwater project shall be treated and discharged to
the King County combined sewer in accordance with the King County Industrial Waste Major
Discharge Authorization provisions.

1.1 PROJECT ORGANIZATION
This section presents the organizational structure for the field and laboratory management.
Task roles and associated responsibilities are described below.
•

The Quality Assurance (QA) Program Manager (Eric Pilcher, Integral) is responsible for
overseeing the planning and coordination of the field activities to ensure that
appropriate sampling, quality assurance, and documentation procedures are used.

•

The QA Representative (TBD) will perform visual observation of outfall construction
monitoring activities and determine if/when in-water monitoring is needed and if
sampling and analysis for polychlorinated biphenyl (PCB) is required. In the event that
an emergency stormwater discharge event occurs, the QA representative will be
responsible for discharge monitoring and collecting a grab sample and submitting it to
the laboratory for PCB Aroclor and dissolved arsenic analyses.

•

The Chemistry QA Manager (Manon Tanner-Dave, Integral) is responsible for providing
QA support for the field investigation and for coordinating with the analytical
laboratory to ensure that the quality assurance project plan (QAPP, Section 5)
requirements are followed. The chemistry QA manager is responsible for
communicating data quality issues to the data users and working with data users to
address data limitations. The chemistry QA manager is also responsible for
coordinating with the laboratories and tracking the laboratories’ progress; verifying that
the laboratories have implemented the requirements of the QAPP; addressing quality
assurance issues related to the laboratory analyses; ensuring that laboratory capacity is
sufficient to undertake the required analyses in a timely manner; and addressing
scheduling issues related to laboratory analyses.

•

The Analytical Laboratory (Analytical Resources Inc.) is responsible for the analysis of
water samples by methods summarized in Section 5 and reporting of those results.

1.2 DOCUMENT ORGANIZATION
Section 2 of this document summarizes the planned outfall construction. The monitoring
approach during outfall construction is described in Section 3. The plan for monitoring and
potential water sampling is presented in Section 4. The analytical QAPP for the potential
sampling associated with this WQMP is provided in Section 5.

Integral Consulting Inc.
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OUTFALL CONSTRUCTION

The construction activities involve the installation of an 18-inch diameter high-density
polyethylene (HDPE) stormwater outfall, which is part of new stormwater facilities to be
constructed within the South Park neighborhood (Figure 1-1). Construction of the outfall is
planned to occur in summer 2015 and take 6 to 8 weeks to construct from the upland manhole
to the terminus, following completion of the removal action within the Sediment and Upland
Areas. It is anticipated that the work shall take place before the Port of Seattle’s final restoration
of the site as a habitat or industrial facility, also scheduled for early summer 2015. The 18-inch
diameter HDPE outfall pipe shall be constructed through an existing riprap bank; the riprap
shall be replaced upon project completion (Figures 2-1 and 2-2).
The outfall pipe shall terminate at an elevation of +5 feet mean lower low water (MLLW; +2.6
feet NAVD88). Work waterward of the MHHW line (+11.4 feet MLLW; 9.0 feet NAVD88), to
construct the last approximately 25 feet of pipe, is expected to take 2 to 3 weeks to complete.
This work shall be completed during daytime low tides (in the dry) within the period from midJune to mid-August as described in the RADR. The RADR describes the anticipated
construction sequence and best management practices that shall be implemented to protect the
waterway in Section 3.7.2.
The new outfall shall be constructed following removal and backfill of known contaminated soil
and sediments within the Sediment and Upland Areas of the T-117 early action area. Therefore,
the outfall excavation is not expected to encounter contaminated soil. However, the outfall
excavation shall extend beneath the extent of removal in the Sediment and Upland Areas into
undisturbed alluvial deposits. As a precautionary measure, all excavation workers in the
outfall trench excavation shall be required to hold current 40-hour Hazardous Waste Operations
and Emergency Response (HAZWOPER) training certification, and an exclusion zone and
contamination reduction zone shall be established at the outfall trench excavation per the
construction contractor’s health and safety plan, including the use of fencing around the
exclusion zone to restrict access. The exclusion zone shall be maintained until the trench is
backfilled.
If potential contamination is identified during the outfall excavation, the resident engineer, QA
program manager, and project coordinator shall be notified. If visual/olfactory evidence at the
extent of the outfall excavation trench indicates remaining contamination, the Port and EPA will
be notified, the resident engineer will note the area on drawings, and the outfall installation
shall continue as designed after consultation with EPA.
The contractor shall work from the landward end of the outfall pipe toward the waterward end
to maintain a soil barrier between the excavation work and the waterway during the majority of
the work. Groundwater that infiltrates the trench during work in the upland area (shown as
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Phases 1 and 2 pipe installation on Figure 2-3) shall be removed, treated at the site water
treatment facility, and discharged to the combined sewer in accordance with King County
discharge requirements. The Contractor may install additional sand bags or barriers as needed
to minimize the amount of groundwater infiltrating into the trench.
The connection to the waterway (Phase 3) shall not be made until the very end of the work
sequence (Figure 2-3). Construction in this lower section extending waterward of the bank shall
occur during periods of low tide so that the work area remains dry and does not extend into the
water. The contractor shall cover all exposed soil in this last section of trench with erosion
control matting prior to tidal inundation and at the end of each day to control turbidity and
erosion. In addition, the trench shall be graded/sloped to prevent tidal water and fish from
becoming trapped when the tide recedes.
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OUTFALL CONSTRUCTION MONITORING APPROACH

Water quality data will be collected by Integral Consulting Inc. in accordance with this WQMP.

3.1 MONITORING LOCATION AND METHODS
Outfall trenching, installation, and backfilling shall be performed during low tide in the dry to
isolate the work from the waterway, thereby lessening the potential to adversely affect water
quality. The work is planned to occur in the period from mid-June to mid-August during
daytime low tides. Monitoring will follow a tiered structure with continuous visual observation
for increased turbidity over background conditions during daytime Phase 3 construction
activities. Visual observations of turbidity will also be made of the inundated work surface at
any corresponding high tide occurring during work hours. Field measurements of turbidity
and other conventional parameters will be performed if triggered by visual observations of
turbidity, which appears to be associated with outfall construction, over background conditions.
If turbidity is observed at the end of the daylight hours, monitoring staff will consult with EPA
to determine if/when field measurements will be collected. If turbidity testing is conducted,
samples will be collected at the background and compliance monitoring stations (i.e., 150 feet
upcurrent and 150 feet downcurrent). In the event of a turbidity exceedance at the point of
compliance, a grab sample of surface water will be collected from within the turbidity
exceedance plume and placed on hold. If in consultation with EPA, it is determined that the
turbidity exceedance is the result of construction activities and not an outside source, the
sample will be analyzed for PCBs and dissolved arsenic to document LDW concentrations.
Monitoring, sampling, and analytical details are provided in Sections 4 and 5.

3.2 WATER QUALITY CRITERIA AND ZONE OF COMPLIANCE
Water quality compliance standards and the point of compliance will be consistent with those
put forth in EPA’s June 25, 2013 Clean Water Act §401 Substantive Water Quality Requirements
Memorandum for the Terminal 117 CERCLA action (USEPA 2013b).
Based upon the marine “excellent quality” classification for the LDW (Washington
Administrative Code [WAC] 173-201A-612), the following criteria are applicable at the 150-foot
point of compliance.
•

Turbidity—Turbidity shall not exceed 5 nephelometric turbidity units (NTUs) above
background when background turbidity is 50 NTUs or less. If background turbidity is
greater than 50 NTUs, turbidity shall not be increased by more than 10 percent above
background.
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•

pH—pH shall be within the range of 7.0 to 8.5 with a human‐caused variation within
this range of less than 0.5 units.

•

Dissolved Oxygen (DO)—The lowest 1-day minimum for DO is 6.0 mg/L. If natural
conditions cause the background DO to be 6.0 mg/L or less, degradation by human
activities shall be no more than 0.2 mg/L.

•

Temperature—The highest 1-day maximum temperature shall be 16°C (60.8°F). If
natural conditions cause the background temperature to exceed 15.7°C (60.26°F), then
degradation by human activities shall not cause the 7-day average of the daily maximum
temperatures to increase more than 0.3°C (0.54°F). Background temperature
measurements will be representative of the dominant aquatic habitat of the area (i.e.,
measurements will not be collected from shallow stagnant backwater areas, within
isolated thermal refuges, at the surface, or at the water’s edge).

Freshwater flows from the Green/Duwamish River through the LDW to Elliott Bay (to the
north), and the typical downstream direction at the surface is to the north. However, because
the LDW is tidally influenced, the flow may be to the south during flood (rising) tides. This
means that the location of the point of compliance may change from northwest of the in-water
activity to southeast of the in-water activity depending on the tides. Similarly, the background
location may change from southeast of the in-water activity to northwest of the in-water activity
depending on the tides.

Integral Consulting Inc.
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FIELD MONITORING AND SAMPLING PLAN

This section presents the plan for 1) triggered outfall installation monitoring and potential
sampling; and 2) sampling associated with potential non-contact stormwater discharge to the
LDW.

4.1 OUTFALL INSTALLATION MONITORING AND SAMPLING
4.1.1 Monitoring
The monitoring locations described in Section 3.1 will be accessed by boat and documented
using a differential global positioning system. Background/upcurrent measurements will be
recorded just prior to the recording of compliance readings. Readings at all locations will be
collected at two water depths: 2 feet above the sediment bed (deep measurement) and 2 feet
below the water surface (shallow measurement). Staff will use a handheld water quality probe
(i.e., YSI Multi-Probe or similar) to measure the water quality parameters, in accordance with
the standard operating procedures for measurement of surface water field parameters provided
in Attachment 1. The readings will be recorded in the field logbook. The handheld water
quality probe will be calibrated in accordance with the manufacturer’s guidelines.

4.1.2 Sampling
The need for surface water sampling related to the outfall installation work will be determined
by the turbidity results. If a turbidity result exceeds 5 NTU above background when
background is ≤ 50 NTU (or 10 percent of background when background is > 50 NTU), the
result will be verified by a second round of readings. If the exceedance is confirmed, then the
QA representative will collect a surface water sample at the locations noted in Section 3. If
needed, surface water samples will be collected as grab samples, following procedures outlined
in the WQMP QAPP (Section 5). The sample will be retained by the QA representative while
the source of the turbidity exceedance is investigated. If analysis is deemed appropriate by the
QA program manager (in consultation with EPA), the sample will be sent to the analytical
laboratory to be tested for PCB Aroclors by EPA Method 8082A (USEPA 2007b) modified to
achieve a reporting limit of 0.01 µg/L and dissolved arsenic by EPA Method 6010C (USEPA
2007a) per the WQMP QAPP (Section 5). PCBs and arsenic will be analyzed because they are
contaminants of concern for site sediments for which there are national water quality criteria for
aquatic life (USEPA 2013b).
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4.1.3 Construction Monitoring Water Quality Feedback and Response
Mechanisms
Turbidity will be the primary indicator of potential water quality problems stemming from
construction activities. However, although the compliance station will be located in an area that
will not have other ongoing vessel movements, turbidity measurements could be affected by
transient vessel traffic, other nearby construction activities, or other activities unrelated to
stormwater outfall construction. Specific site conditions during monitoring will be described if
turbidity exceedances are observed at the point of compliance and are suspected of being
associated with other vessel activities or other turbidity inputs not associated with outfall
construction.
Staff will compare individual measurements from the point of compliance with the
measurements from the background location (150 feet upcurrent of the outfall work area) to
determine compliance with water quality criteria. The compliance zone deep measurement will
be compared to the background deep measurement, and the compliance zone shallow
measurement will be compared to the background shallow measurement.
Based on the turbidity monitoring results, if a turbidity exceedance is found at the point of
compliance, response actions will be conducted in accordance with the following steps (as
diagrammed in Figure 4-1):
•

The QA representative will immediately notify the QA program manager, and proceed
to verify the result within 20 minutes by collecting a repeat measurement. Additional
discretionary locations (i.e., upcurrent background station) may be monitored to assess
whether the source of the turbidity exceedance is from contractor operations or other
sources (e.g., dredging).

•

If the exceedance is confirmed:
–

The QA program manager will immediately notify the City’s resident engineer and
project coordinator. The resident engineer will in turn immediately notify the
contractor’s project manager. The City’s project coordinator will immediately notify
EPA.

–

The contractor shall temporarily cease operations, modify operating procedures, and
implement contingency best management practices and controls, as necessary to
achieve compliance. These BMPs shall remain as the project standard for the
duration of the project as long as the site circumstances are not changed (e.g., type of
construction activities, condition of the waterway, tidal influence).

–

The QA representative will collect and retain a surface water sample. The sample
will be preserved per the QAPP (Section 5).
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•

The full extent of the turbidity exceedance will be evaluated by monitoring for turbidity
approximately every 50 feet until turbidity is measured within the acceptable range
relative to background. The QA representative will conduct additional monitoring to
assess the results of contractor modifications.

•

The QA project manager will report subsequent results to the City’s resident engineer
and project coordinator for dissemination to the contractor and EPA. The need for
modification of construction activities, or stopping work, will be reviewed by EPA, City,
and contractor.

Written documentation of water quality exceedances will be reported by e-mail to EPA within
24 hours.

4.2 EMERGENCY NON-CONTACT STORMWATER DISCHARGE
MONITORING AND SAMPLING
In the unlikely event that a storm or series of storms threatens to overwhelm the storage
capacity of the upland storage tanks, an emergency discharge of non-contact stormwater to the
LDW may be needed.
If an emergency discharge is necessary, the discharged water will be visually monitored for oil
sheen, and the amount of non-contact stormwater discharged shall be measured using the
storage system’s flow meter and recorded in the field logbook. A single measurement of
turbidity, pH, DO, and temperature will be recorded, and a single grab water sample will be
collected at the point of discharge (end-of-pipe).
As mentioned, although this discharge consists of stormwater from areas not under
construction and is covered under the City’s NPDES Municipal Separate Storm Sewer Systems
permit, the City will also be monitored under the substantive requirements of a State of
Washington CSWGP. Benchmarks for a CSWGP are:
•

Turbidity—25 NTU maximum

•

pH—6.5 (minimum) to 8.5 (maximum) standard units.

The emergency discharge will continue as long as required. During the period of emergency
discharge, turbidity and pH readings will be used to evaluate the existing construction
operations and BMPs (Figure 4-2) and make improvements if needed. There are no CSWGP
benchmarks for temperature or DO. Temperature and DO measurements will be for
informational purposes only.
The grab water sample will be collected per the method outlined in the WQMP QAPP
(Section 5) and sent to the analytical laboratory to be tested for PCB Aroclors by EPA Method
8082A (USEPA 2007b) modified to achieve a reporting limit of 0.01 µg/L and dissolved arsenic
Integral Consulting Inc.

4-3

T-117 Adjacent Streets and Stormwater
Water Quality Monitoring Plan

FINAL
October 1, 2014

by EPA Method 6010C (USEPA 2007a) per the WQMP QAPP. PCBs and arsenic will be
analyzed because they are contaminants of concern for site sediments that have state water
quality standards (USEPA 2013b). The data will be collected for informational purposes. The
field measurements and observations made during monitoring, including weather conditions,
complications, and other details associated with the monitoring effort, and the flow meter
readings at both the start and the end of any discharge will be recorded in the field logbook
(Section 4.3).
If the emergency discharge is found to be not within the range of benchmarks listed above, the
QA representative will immediately notify the QA program manager, who will immediately
notify the City’s resident engineer and project coordinator. The resident engineer will in turn
immediately notify the contractor’s project manager. The City’s project coordinator will
immediately notify EPA. The contractor shall take immediate action(s) to correct the problem
by implementing additional BMPs, improving maintenance of existing BMPs, and/or modifying
construction methods (Figure 4-2).
Written documentation of benchmark exceedances will be reported to EPA by e-mail within
24 hours.

4.3 FIELD LOGBOOK
All field activities and observations will be noted in a field logbook during fieldwork. The field
logbook will be a bound document with consecutively numbered pages containing field
observations and monitoring data. Information will include personnel, date, time, weather
conditions, station designation, field measurements (including water depths), and general
observations. Any changes that occur at the site (e.g., personnel, responsibilities, deviations
from the WQMP) and the reasons for these changes will be documented in the field logbook.
The logbook will identify details (e.g., number, directional view, location) regarding any
photographs taken at the sampling location (if any). The descriptions of all field activities will
be clearly written with enough detail so that participants are able to reconstruct events later if
necessary. The field supervisor is responsible for ensuring that the field logbook and all field
data forms are correct.
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QUALITY ASSURANCE PROJECT PLAN

This QAPP establishes a system of quality control performance checks of field data entry,
laboratory analysis, and laboratory data reporting. This QAPP outlines QA and quality control
(QC) procedures that will be implemented to ensure that the investigation data results are
defensible and usable for their intended purpose.

5.1

SAMPLING METHODS

The need for turbidity, pH, DO, and temperature measurements will be determined by visual
observation of turbidity during construction monitoring, and by the need for an emergency
non-contact stormwater discharge to the LDW. The requirement for water sampling will be
determined by the results of turbidity monitoring as noted in Sections 3 and 4.

5.1.1 Outfall Construction Monitoring Sampling
As mentioned in Section 4, if required, turbidity data will be collected using the procedures
outlined in Section 4.1.1. If a turbidity result exceeds 5 NTU above background when
background is ≤ 50 NTU (or 10% of background when background is > 50 NTU), the result will
be verified. If the exceedance is confirmed, then the QA representative will collect a surface
water sample.
The sample will be retained by the QA representative while the source of the turbidity
exceedances is investigated. If analysis is deemed appropriate by the Integral QA program
manager (in consultation with EPA), the sample will be sent to the analytical laboratory to be
tested for PCB Aroclors by EPA Method 8082A (USEPA 2007b) modified to achieve a reporting
limit of 0.01 µg/L and dissolved arsenic by EPA Method 6010C (USEPA 2007a). As outlined in
Section 4.1, field action levels are based on turbidity measurements; procedural modifications
needed to reduce turbidity to within 5 NTU above background will be enacted in the field
immediately. The analytical data will be for informational purposes only; therefore, a standard
2-week turn-around time will be requested.
Surface water samples will be collected as grab samples, with the following guidance:
•

Water samples will be collected using a decontaminated sampling device or container,
which is either suspended or handheld.

•

The opening of the sampling device or container will face upcurrent. The sampler will
be positioned downcurrent of the sampling device or container.
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•

The entire mouth of the sampling device will be submerged below the surface of the
water. The sample line will be placed so that changes in flow will not affect sample
collection.

•

The required volume of sample, container type, and preservation can be found in Table
5-1.

5.1.2 Emergency Non-contact Stormwater Sampling
Emergency non-contact stormwater discharge samples will be collected at the end of the
discharge pipe or hose, either directly into sample containers or into a decontaminated
sampling device and subsequently decanted into sample containers. Samples will be sent to the
analytical laboratory to be tested for PCB Aroclors by EPA Method 8082A (USEPA 2007b)
modified to achieve a reporting limit of 0.01 µg/L and dissolved arsenic by EPA Method 6010C
(USEPA 2007a). The sample for dissolved arsenic will be filtered at the laboratory according to
Table 5-1. The analytical data will be for informational purposes only; therefore, a standard 2week turn-around time will be requested.

5.2

SAMPLE HANDLING AND DOCUMENTATION

Processes established to ensure samples are documented clearly and transported securely are
described below.

5.2.1

Field Documentation

A complete record of field activities will be maintained as described in Section 4.3 above.

5.2.2

Chain-of-Custody Procedures

The integrity of each sample from the time of collection to the point of data reporting must be
maintained throughout the study. Samples will be retained in the field team’s custody at all
times until the samples are transported to the appropriate laboratory. Proper record-keeping
and chain-of-custody procedures will be implemented to allow samples to be traced from
collection to final disposition. A chain-of-custody record will be signed by each person who has
custody of the samples and will accompany the samples at all times. Samples are in custody if
they are in the view of the field team, stored in a secure place with restricted access, or placed in
a container secured with custody seals. The chain-of-custody forms will be completed in
triplicate, with one copy retained by the field team lead. The chain-of-custody form will include
the following:
•

Sample identifier

•

Site name
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•

Field lead’s name and team members responsible for collection and processing of the
listed samples

•

Collection date and time for each sample

•

Sample type

•

Number of sample containers shipped

•

Requested analyses

•

Sample preservation information (if any)

•

Name of the carrier relinquishing the samples to the transporter, noting date and time of
transfer and the designated sample custodian at the receiving facility.

5.2.3

Sample Identification, Containers and Transport

Each sample will have a unique sample identifier. Sample identifiers will be established by the
QA representative.
Sample coolers and packing material will be supplied by the analytical laboratory. Sample
aliquots submitted to the analytical laboratory will be placed in pre-cleaned sample containers
and preserved as identified in Table 5-1. Individual sample jars will be labeled with the sample
identifier, sample time, and date. Jars will be placed into plastic bags and sealed. Glass jars will
be placed in a manner to prevent breakage and separated in the cooler by bubble wrap or other
shock-absorbent material. Ice in sealed, double plastic bags will be placed in the cooler for
shipping. A completed chain-of-custody form will be placed into a zip-locked bag and the bag
taped to the inside lid of the cooler once it is full. A temperature blank will be added to each
cooler. Each cooler will be sealed with two chain-of-custody seals, one each on the front and
side of the cooler.
Upon receipt of samples at the laboratory, the physical integrity of the containers and seals will
be checked, and the samples will be inventoried by comparing sample labels to those on the
chain-of-custody forms. The laboratory will include a copy of the chain-of-custody and
shipping container receipt forms in the final data package. Any breaks in the chain-of-custody
or nonconformances will be noted and reported in writing to the chemistry QA manager within
24 hours of receipt of the samples. The laboratory project manager will ensure that a sampletracking record is maintained that follows each sample through all stages of sample processing
at the laboratory.
All samples will be stored in accordance with Table 5-1. The laboratory will maintain chain-ofcustody documentation and documentation of proper storage conditions for the entire time that
the samples are in its possession.
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The laboratory will not dispose of the samples for any of the phases of this study until
authorized to do so by the chemistry QA manager. After authorization is obtained, the
laboratory will dispose of samples, as appropriate, based on matrix, analytical results, and
information received from the client.

5.3

QUALITY CONTROL

Processes established to ensure quality both in the field and in the laboratory are described
below.

5.3.1

Field Quality Control Samples

Field quality control samples will not be collected.

5.3.2

Laboratory Quality Control

The requirements for laboratory QC procedures are provided in EPA SW-846: Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods (USEPA 2013a), EPA Method 8082A
(USEPA 2007b), and EPA Method 6010C (USEPA 2007a). Method protocols include
descriptions of quality control procedures, and additional QC requirements by reference to
separate quality control chapters in the protocols. QC requirements include control limits and
requirements for corrective action in many cases. QC procedures will be completed by the
laboratory.
For chemical analyses, the frequency of analysis for laboratory control samples, matrix spike
samples (if applicable), matrix spike duplicates or laboratory duplicates (if applicable), and
method blanks will be 1 for every 20 samples or 1 per extraction batch, whichever is more
frequent. Internal standards will be added to every field sample and QC sample, as required.
Calibration procedures will be completed as specified in EPA Method 8082. Laboratory control
limits will be used by the laboratory to establish the acceptability of the data or the need for
reanalysis of the samples.

5.3.3

Instrument/Equipment Testing, Inspection, and Maintenance

Analytical instrument testing, inspection, maintenance, setup, and calibration will be conducted
by the laboratory in accordance with the requirements identified in the laboratory standard
operating procedures (SOPs) and manufacturer instructions. In addition, each of the specified
analytical methods provides protocols for proper instrument setup and tuning, and critical
operating parameters. Instrument maintenance and repair will be documented in maintenance
log or record books.
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Maintenance and calibration of the instruments to be used for field parameter measurements
will be completed, as described in the manufacturers’ instructions and the SOPs for their use.

5.3.4

Instrument/Equipment Calibration and Frequency of Calibration

Laboratory instruments will be properly calibrated, and the calibration will be verified with
appropriate check standards and calibration blanks for each parameter before beginning each
analysis. Instrument calibration procedures and schedules will conform to analytical protocol
requirements and descriptions provided in the laboratories’ QA plans.
A multiprobe instrument will be used for field measurements (i.e., pH, DO, turbidity, and
temperature). This instrument will be calibrated prior to use each day that field measurements
are made, as described in the manufacturer’s instructions manual. Calibration information will
be recorded on calibration record forms.

5.4

DATA QUALITY INDICATORS FOR LABORATORY ANALYSIS

Data quality indicators such as the precision, accuracy, representativeness, completeness, and
comparability (PARCC) parameters and analytical sensitivity will be used to assess
conformance of data with quality control criteria. PARCC parameters are described in
Guidance for Quality Assurance Project Plans (USEPA 2002).
To alert the data user to possible bias or imprecision, data qualifiers will be applied by the
laboratory to reported analyte concentrations when associated quality control samples or
procedures do not meet control limits. Laboratory limits will be used as the control limits for
this project. Laboratory limits are updated periodically by the laboratory. Control limits that
are in effect at the laboratory at the time of analysis will be used.
Analyte concentrations for this project will be reported to the minimum detection limit (MDL).
Analytes detected at concentrations between the limit of quantitation (LOQ) and the MDL will
be reported with a “J” qualifier to indicate that the value is an estimate (i.e., the analyte
concentration is below the calibration range). Nondetects will be reported at the MDL. The
MDL will be adjusted by the laboratory, as necessary, to reflect sample dilution or matrix
interference. Current laboratory MDLs are listed in Table 5-2. MDLs are updated periodically
by the laboratory and the MDLs that are in effect at the laboratory at the time of analysis will be
used.

5.5

LABORATORY DATA REPORTING

Level II laboratory data packages and electronic data deliverables will be provided to the
Integral chemistry QA manager.
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DATA VALIDATION AND USABILITY

Data will not be validated for this project. Usability of field data will be determined by the
Integral QA program manager. Usability of laboratory data will be determined by the Integral
chemistry QA manager.

5.7

PROJECT ACTION LIMITS

If analysis is triggered, PCB and arsenic data will be collected for informational purposes only.
Real time action limits for outfall construction monitoring are based on turbidity readings. Real
time action limits for emergency non-contact stormwater discharge are based on turbidity and
pH benchmark exceedances. Responses to these exceedances are discussed in Section 4 above.
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WATER QUALITY MONITORING REPORT

Results of outfall construction water quality monitoring activities, and emergency non-contact
stormwater discharge events, will be included in weekly quality assurance reports. Results
from laboratory testing of PCB and metals will be attached to the weekly QA report. More
detailed information regarding the full water quality monitoring program will be included as
an appendix to the removal action completion report. If in-water monitoring occurs, the final
water quality monitoring report will include a description of the field sampling effort (e.g.,
procedures, monitoring station locations and depths, field observations); descriptions and
rationale for any deviations from the WQMP; a detailed discussion of any data quality issues;
and tabulated field data and analytical data, if applicable.
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Table 5-1. Sample Containers, Holding Times, and Preservation
Matrix/Analyte
Lab
Matrix
Container Type
Outfall Installation Monitoring and Sampling
PCB Aroclors
ARI
Surface water Narrow mouth, amber glass w/
grab
Teflon lined lid

Dissolved arsenic

ARI

Surface water Narrow mouth, HDPE w/ Teflon
grab
lined lid

Non-contact Stormwater Emergency Discharge Sampling
PCB Aroclors
ARI
Surface water Narrow mouth, amber glass w/
grab
Teflon lined lid
Dissolved arsenic

ARI

Surface water Narrow mouth, HDPE w/ Teflon
grab
lined lid

Minimum Sample
Volume
2L

500 mL

2L

500 mL

Holding Times a

Preservation

Extractions within 7 days;
analyses within 40 days of
extraction.

Cool to 4°C

6 months

Lab filtered through 0.45 m;
HNO3 to pH<2; Cool to 4°C b

Extractions within 7 days;
analyses within 40 days of
extraction.
6 months

Cool to 4°C
Lab filtered through 0.45 m;
HNO3 to pH<2; Cool to 4°C b

Notes:
ARI = Analytical Resources, Incorporated
HDPE = high density polyethylene
PCB = polychlorinated biphenyl
a
b

Holding times begin on the day of sample collection for all methods.
Grab sample for dissolved metals will be collected in a non-preserved HDPE bottle. The sample will be filtered upon arrival at the lab and then preserved with HNO3 to pH<2.
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Table 5-2. Analytes and Method Reporting Limits for Water Samples
Marine Water Quality Standards (µg/L) a,b
Acute
Chronic
Analyte
Outfall Installation Monitoring and Sampling
PCB Aroclors a,b
10
0.03
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Dissolved Metals
Arsenic
69
36
Non-contact Stormwater Emergency Discharge Sampling
PCB Aroclors c,d
10
0.03
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Dissolved Metals
Arsenic
69
36

Lab

Method

ARI

EPA 8082

ARI

ARI

ARI

MDL e

LOQ

Units

0.00248
-----0.00276

0.01
-----0.01

µg/L
-----µg/L

0.048

50.0

µg/L

0.00248
-----0.00276

0.01
-----0.01

µg/L
-----µg/L

0.048

50.0

µg/L

EPA 6010C

EPA 8082A

EPA 6010C

Notes:
ARI = Analytical Resources, Incorporated
EPA = U.S. Environmental Protection Agency
LOQ = limit of quantitation
MDL = method detection limit
NA = not applicable
PCB = polychlorinated biphenyl
a

Standards listed are the lowest of National Recommended Water Quality Criteria: Aquatic Life Critera. U.S. EPA or Water Quality
Standards for Surface Waters of the State of Washington.
b
All water quality standards for trace metals are expressed in terms of the dissolved fraction.
c

According to EPA Method 8082, a standard containing Aroclor 1016 and Aroclor 1260 will include many of the peaks represented in the
other five Aroclor mixtures. Therefore, these two Aroclors should be sufficient calibration for the seven listed Aroclor analytes.
d
Limits listed are based on low level extraction using hexane and an extraction volume of 1000 mL to 0.5 mL.
e
MDLs are updated periodically by the laboratory and the MDLs that are in effect at the laboratory at the time of analysis will be used.

Integral Consulting Inc.

Page 1 of 1

ATTACHMENT 1
SITE SPECIFIC STANDARD
OPERATING PROCEDURE—T-117,
MEASUREMENT OF SURFACE
WATER FIELD PARAMETERS

January 2014

SITE SPECIFIC STANDARD OPERATING PROCEDURE
(SOP)—T-117
MEASUREMENT OF SURFACE WATER FIELD
PARAMETERS
This SOP is based on the procedures outlined in Field Measurements: U.S. Geological Survey
Techniques of Water-Resources Investigations (Wilde various dates).

SCOPE AND APPLICATION
Information and general instructions for field measurement of water quality parameters
(turbidity, pH, dissolved oxygen, and temperature) are presented below. Because the types
and complexity of water quality meters available vary widely, calibration and measurement
procedures should be conducted in accordance with manufacturer’s recommendations for the
specific meters used. The following information describes general procedures for the
measurement of water quality parameters. Where possible, sampling should be conducted
first in areas expected to be least affected by constituents of interest, followed by increasingly
affected areas.

EQUIPMENT AND REAGENTS REQUIRED
•

Water quality parameter multimeter or meters specific to parameters of interest (i.e.,
temperature, dissolved oxygen, pH, and turbidity)

•

Calibration solutions and deionized distilled water.

PROCEDURES
Before any calibration takes place, allow the probe and all calibration solutions to acclimate to
the ambient field temperature along for at least 1 hour.
Calibrate the meter(s) in the field at the beginning of each day of field or laboratory work
when water quality parameters will be measured. If feasible, meters must be checked for drift
with calibration standards after every 4 hours of continuous use. Otherwise, a final check must
be done at the end of the sampling event. If drift is evident, recalibrate.
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1. Calibrate meter(s) in accordance with manufacturer’s instructions using fresh (unused)
calibration buffers and standards for each sensor.
2. Check slope reading with specifications (in operating manual) to verify slope is within
the manufacturer’s specified range.
3. Thoroughly rinse a 500-mL beaker or 8-oz jar with sample water. Discard sample
water.
4. Rinse electrodes with sample water to acclimate them.
5. Fill beaker with fresh sample water.
6. Immerse electrodes in sample while swirling the sample, if needed, to provide
thorough mixing. Turn on meter(s). If a flow-through cell is used, install probes and
connect sample water to bottom port of flow-through cell, directing sample water up
through the cell, exiting through the top port. Direct effluent tubing back in the water
or into an appropriate container for storage and handling.
7. When the readings have stabilized, record the measurements displayed on the meter.
It is important to determine that the correct units and unit scale are displayed on the
meter and recorded for each parameter measured. Record and correct any problems
encountered during measurement.
8. If available, field measurement results should be compared to previous measurements
for quality control.
Several physical and chemical water parameters are best measured in the field because of the
unstable nature of the parameter or because the information is needed to direct further
sampling. It is frequently preferable to perform these analyses in the field, especially if the
samples will not be immediately transported to the analytical laboratory (pH, in particular,
should be measured in the field, if feasible). In addition, measurements of temperature can be
collected accurately only in the field. Four parameter measurements for water are described
in the following sections of this SOP.

Temperature
Measure water temperature with either an alcohol or digital thermometer. It is recommended
that mercury thermometers not be used to avoid possible breakage and introduction of
mercury into the environment and to remove a source of possible contamination to samples
collected for the analysis of mercury. Measure temperature as soon as the sample is collected
to obtain a measurement that is an accurate representation of the in situ sample temperature.
All instruments used to measure temperature should be traceable to a National Institute of
Standards and Technology temperature reference. In the case of digital thermometers, follow
the calibration procedure recommended by the manufacturer, if provided. Multiprobes in
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general contain a temperature probe; check these probes against a calibrated thermometer
before use. For more detailed procedures, see discussion in Wilde (2006).

Dissolved Oxygen
Dissolved oxygen may be measured in the field by either a dissolved oxygen polarographicmembrane type sensor or a luminescent type sensor. Dissolved oxygen can also be measured
by a field-portable Winkler titration kit.
It is recommended that calibration be done at temperatures that are at least within 10°C of the
ambient water temperature. The smaller the temperature difference is between the
environmental water and the calibration chamber, the more accurate the calibration will be.
When using static samples (i.e., water sample collected in a container), protect samples from
absorbing oxygen from the atmosphere by using a low or zero-headspace container. If using a
meter and probe, calibrate the system according to the manufacturer’s procedure prior to use
with a zero oxygen standard and a second standard of known oxygen content. Check the
second standard by performing a Winkler titration. Other probes are calibrated by percent
oxygen saturation in an enclosed container with a small amount of water. When measuring
dissolved oxygen with certain polarographic-membrane probe in water samples held inside
zero-headspace containers, swirl or stir samples constantly until the reading stabilizes and the
measurement is recorded. Stirring the sample is not necessary if a luminescent-sensor is used.
For other probes, immerse the probe in the water column and monitor a constant
measurement (dynamic measurement) until the readings are stabilized. Once the readings
stabilize, record the oxygen concentration readings manually or digitally. For more detailed
procedures, see discussion in Lewis (2006).

pH
The pH of a water column sample can be measured in the field using a pH meter. Calibrate
the meter according to manufacturer’s specifications with at least two standards of known pH.
The pH of these standards should bracket the expected pH at the sampling site. For example,
if the pH at the sampling site is expected to be basic (pH 7 to 14), standards of pH 7.00 and
10.00 should be used to calibrate the meter. The pH of the buffer solution is temperature
dependent. That is, pH 10 buffers change more per unit change in temperature than do pH 4
buffers. The temperature of buffer solutions must be measured, and temperature-correction
factors must be applied before calibration adjustments are made. Calibration and operating
procedures differ with instrument systems—check the manufacturer’s instructions. If pH
measurements at the sampling site do not fall within the initial calibration range, the meter
should be recalibrated with appropriate standards and sample pH remeasured for those
samples that fell outside the calibration range. For more detailed procedures, see discussion in
Wilde et al. (2006).
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Turbidity
Turbidity can be measured in the field on static water samples contained in jars with a fieldportable nephelometer (turbidity meter) or in situ with a turbidity probe mounted in a
multiprobe device. Calibrate the meter prior to use with at least two standards of different but
known turbidity (in nephelometric turbidity units, or NTUs). The two standards should
bracket the range of turbidity measurements expected at the sampling site.
Perform field analysis for turbidity on static water samples as soon as possible after collection.
If immediate analysis is not possible, agitate the sample prior to analysis to resuspend any
settled solid material. If the sample temperature increases, air bubbles may form and cause
erroneous values.
When performing field analysis for turbidity in situ, monitor the turbidity probe constantly
with a remote display and record data manually or digitally.
For more detailed procedures, see Anderson (2005).

REFERENCES
Anderson, C.W. 2005. Turbidity (version 2.1): U.S. Geological Survey techniques of waterresources investigations, Book 9, Chap. A6., Section 6.7. Available at:
http://water.usgs.gov/owq/FieldManual/Chapter6/Section6.7_v2.1.pdf.
APHA. 1998. Standard methods for the examination of water and wastewater. 20th Edition. L.S.
Clesceri, A.E. Greenberg, and A.D. Eaton (eds). American Public Health Association,
Washington, DC.
Lewis, M.E. 2006. Dissolved oxygen (version 2.1): U.S. Geological Survey techniques of
water-resources investigations, Book 9, Chap. A6, Section 6.2, Available at:
http://water.usgs.gov/owq/FieldManual/Chapter6/6.2_v2.1.pdf.
Wilde, F.D. (ed.). [various dates]. Field measurements: U.S. Geological Survey techniques of
water-resources investigations, Book 9, Chap. A6. (Chapter sections are cited by author and
date.) Available at: http://pubs.water.usgs.gov/twri9A6/.
Wilde, F.D. 2006. Temperature (version 2.0): U.S. Geological Survey techniques of waterresources investigations, Book 9, Chap. A6, Section 6.1. Available at:
http://water.usgs.gov/owq/FieldManual/Chapter6/6.1_ver2.pdf.
Wilde, F.D., E. Busenberg, D.B. Radtke, and S.A. Rounds. 2006. pH (version 1.3): U.S.
Geological Survey techniques of water-resources investigations, Book 9, Chap. A6, Section 6.4.
Available at: http://water.usgs.gov/owq/FieldManual/Chapter6/6.4_ver1.3.pdf.

Integral Consulting Inc.

4

