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1.0 INTRODUCTION 

1.1 Purpose 

PES Environmental, Inc. (PES) has prepared this compliance monitoring plan (CMP), a required 
component of the Engineering Design Report (EDR; PES, 2013), for a cleanup action at the 
Terminal 91 Tank Farm Affected Area (TFAA), a portion of the Port of Seattle’s (Port’s) 
Terminal 91 Complex (T-91) in Seattle, Washington (Figure 1).  The EDR was developed 
pursuant to Agreed Order No. DE-8938 (AO) between the Port and the Washington State 
Department of Ecology (Ecology, 2012).  This CMP has been prepared in accordance with the 
requirements of the Model Toxics Control Act (MTCA), Chapter 173-340-410 of the 
Washington Administrative Code (WAC).   

MTCA defines three components of compliance monitoring: 

 Protection monitoring, performed to confirm the protection of human health and the 
environment during implementation of the cleanup action (WAC 173-340-410(1)(a)); 

 Performance monitoring, conducted to confirm that the cleanup action has attained 
performance criteria (WAC 173-340-410(1)(b)); and 

 Confirmational monitoring, performed to demonstrate the long-term effectiveness of the 
cleanup action (WAC 173-340-410(1)(c)). 

This CMP and associated Quality Assurance Project Plan (QAPP) replace the 2010 Groundwater 
Monitoring Plan (GMP) and accompanying QAPP prepared by Kennedy/Jenks Consultants 
(KJC, 2010a and b) for the TFAA, which were approved by Ecology on October 14, 2010. 

This CMP discusses all three components of compliance monitoring and: (1) defines specific 
scopes of work and objectives, (2) provides guidance for field activities, and (3) defines the 
quality assurance project plan procedures used during monitoring, sampling, and laboratory 
analysis. 

1.2 Report Organization 

The CMP is organized into 14 sections.  A brief description of each section is presented below: 

 Section 1 – Introduction.  Section 1 contains the purpose and organization of the CMP; 

 Section 2 – Background Information.  Section 2 provides a brief site description, a 
summary of subsurface conditions, and summarizes the Conceptual Site Model (CSM), 
including the cleanup action objectives; 

 Section 3 – Cleanup Action Summary.  Section 3 provides a brief description of the 
cleanup action; 

 Section 4 –Monitoring Network.  Section 4 contains a summary of the network used to 
monitor the cleanup action; 
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 Section 5 – Protection Monitoring.  Section 5 contains a brief summary of the criteria 
for protection monitoring provided in WAC 173-340-410; 

 Section 6 – Performance Monitoring.  Section 6 discusses performance monitoring, 
including the objectives, monitoring locations, and schedule; 

 Section 7 – Confirmational Monitoring.  Section 7 discusses confirmational monitoring 
of groundwater, including the objectives, monitoring locations, and schedule; 

 Section 8 – Sampling and Analysis Plan.  Section 8 presents the methods used in the 
monitoring program; 

 Section 9 – Monitoring Network Maintenance.  Section 9 presents the methods used in 
monitoring well network maintenance; 

 Section 10 – Quality Assurance Project Plan.  Section 10 identifies quality 
assurance/quality control (QA/QC) procedures for monitoring and laboratory analysis; 

 Section 11 – Data Evaluation.  Section 11 provides the procedures for data validation 
review; evaluation of the LNAPL monitoring, groundwater level, and groundwater 
quality data; and periodic cleanup action reviews; 

 Section 12 – Criteria for Meeting Performance and Compliance Standards.  
Section 12 discusses the criteria for meeting performance and compliance standards; 

 Section 13 – Reporting.  Section 13 briefly discusses the quarterly, annual, and periodic 
review reports that will be submitted to Ecology; and 

 Section 14 – References.  Section 14 provides the references cited in the CMP. 
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2.0 BACKGROUND INFORMATION 

The background and history of the TFAA has been described and summarized extensively in 
previous documents and will not be repeated in this CMP.  Detailed information related to the 
Site is provided in the following documents: 

 Final Cleanup Action Plan (CAP; Ecology, 2010); 

 Final Draft Feasibility Study Report, Terminal 91 Site, Seattle, Washington (FS Report; 
PES et al., 2009) approved as final by Ecology on December 15, 2010; 

 Remedial Investigation Summary Report for the Terminal 91 Tank Farm Site in Seattle, 
Washington (RI Summary Report; Roth Consulting, 2007); and 

 Documents referenced in the above reports. 

In addition to the RI/FS-related and CAP cited above, the Data Gaps Investigation (DGI) was 
recently conducted pursuant to the DGI Work Plan (DGIWP; PES, 2011) and the results reported 
in the DGI Technical Memorandum (PES, 2012a); both of these documents are incorporated by 
reference into the Design Basis Memorandum (DBM PES, 2012b).  

For ease of reference, the brief site description and history, summary of the subsurface 
conditions, and a summary of the CSM including the cleanup action objectives are presented 
below.  A summary of the selected cleanup action is provided in Section 3. 

2.1 Site Description and History 

T-91 is located at 2001 West Garfield Street, Seattle, Washington and encompasses 
approximately 216 acres (Figure 1).  The TFAA is located in the central portion of T-91 and 
comprises approximately 17 acres  including the Tank Farm Lease Parcel (TFLP), which is a 
contiguous parcel approximately four acres in size 1.  Figure 2 shows the approximate boundaries 
of T-91, the TFAA, the TFLP, and other portions of T-91, including the Upland Area, Short Fill 
Area, and Submerged Lands Area. 

The TFAA is flat and paved or covered with buildings.  The TFAA generally is bounded to the 
south by Piers 90 and 91 and the Short Fill Area and Lake Jacobs (Short Fill Impoundment) 
located between the two piers, to the east by the Burlington Northern Santa Fe (BNSF) Rail Yard 
and the Washington Army National Guard facility, and to the north and west by the T-91 Upland 
Area. 

The TFLP is located at the north end of the TFAA.  The primary historical feature of the TFLP is 
the bulk petroleum tank farm present from the 1920s through 2005.  The aboveground portion of 
the tank farm, including the tanks, containment walls, and other aboveground piping and 
equipment, was demolished and removed in 2005 as part of an interim remedial action.   

                                                 
1 The AO (Ecology 2010a) defines the TFAA as “the Tank Farm TFLP and any areas where Hazardous Substances 

originating from the Tank Farm TFLP have come to be located.”, and the TFLP as “the site of a tank farm, 
demolished in 2005, which had for a time operated as a Dangerous Waste Facility”. 
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2.2 Subsurface Conditions 

The following is a brief summary of the geology and hydrostratigraphy at the Site. 

2.2.1 Geology 

As described in detail in the RI and FS Reports, five mappable lithologic units have been 
identified beneath the TFLP and adjacent areas of the Site.  The first four of these units have the 
potential to be encountered during construction of the cleanup action at the Site.  These four 
units in order of increasing depth include:  

 The Shallow Sand Unit consists of fill material emplaced over shallow marine and 
tidal marsh deposits of Smith Cove during the early 1900s.  It consists primarily of 
moderately to poorly sorted, fine- to medium-grained, unconsolidated sand, with 
laminations of silty sand and gravel lenses occurring locally.  The Shallow Sand Unit 
extends vertically from just below the paved ground surface to between 15 and 
20 feet below ground surface (ft bgs).  

 The Silty Sand Unit is comprised of gray or olive, moderately sorted, fine- to 
medium-grained, silty sand with traces of coarse sand, shell debris, and wood debris.  
This unit is interpreted to be native marsh, intertidal, and shallow marine sediments 
that formed the pre-fill surface in the Smith Cove Waterway and the adjacent 
tidelands.  Beneath the TFLP and adjacent upland areas, the top of the Silty Sand Unit 
generally occurs at depths of 15 to 20 ft bgs, and varies from 20-ft thick beneath the 
rail yard, east of the TFLP, to 5 ft or less in the southwest corner of the TFLP.  A 
moderately to poorly sorted, silty sandy gravel layer was found within the Silty Sand 
Unit in some locations at depths of approximately 24 to 28 ft bgs.  

 The Deep Sand Unit directly underlies the Silty Sand Unit and is composed 
primarily of poorly to moderately sorted, medium- to coarse-grained sand and 
gravelly sand, with only isolated occurrences of silt.  However, beneath the northern 
portion of the TFLP (borings CP_115B and CP_205B), the Deep Sand Unit is 
composed of only 6 to 8 ft of sand, gravelly sand and sandy gravel, with the 
remaining deeper portions of the unit characterized by interbedded silty sand and 
sand.  The depth to the top of the Deep Sand Unit varies from approximately 25 ft bgs 
at the center of the TFLP to as much as 45 ft beneath the north end of Pier 90.  

 The Silty Clayey Sand Unit underlies the Deep Sand Unit and is composed of soft to 
stiff fine-grained sediments, primarily silty clay and clayey silt, with lesser amounts 
of silt and silty clayey sand.  The top of the Silty Clayey Sand Unit is shallowest 
beneath the eastern portion of the TFLP, where it occurs as shallow as 42 ft bgs, in 
boring CP_106B. 

2.2.2 Hydrostratigraphy 

Shallow Aquifer.  The shallow aquifer is generally present in the Shallow Sand Unit beneath the 
Site and is separated from the Deep Confined Aquifer by the Silty Sand Unit which acts as an 
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upper confining unit.  Water level data collected during routine monitoring of monitoring wells 
at the Site show that the dominant unconfined groundwater flow direction is towards the south 
beneath the TFLP and to the southwest beneath AOC 11.  Recorded water elevations in the 
monitoring wells in and around the former tank farm have varied between 9.5 and 13.6 ft mean 
low low water (MLLW) and generally correspond to seasonal variations in precipitation rates, 
with the highest water levels observed during the wetter winter months.  The typical horizontal 
gradient beneath the TFLP is approximately 0.001 ft/ft. 

Downward vertical gradients between the Shallow Aquifer and Deep Confined Aquifer have 
been noted throughout the Site.  Vertical gradients typically range from approximately 0.018 to 
0.040 ft/ft, with vertical gradients decreasing to the south.  Despite the presence of downward 
vertical gradients, significant downward movement of Shallow Aquifer groundwater under most 
of the Site is considered unlikely due to the low measured vertical permeability in the upper 
confining unit (Silty Sand Unit).   

Deep Confined Aquifer.  The deep confined aquifer is present in the Deep Sand Unit.  Average 
groundwater flow direction in the Deep Confined Aquifer beneath and shoreward of the TFLP is 
towards the south.  As in the Shallow Aquifer, water levels in the Deep Confined Aquifer 
respond to seasonal variations in precipitation rates, with the highest water levels observed 
during the wetter winter months.  The typical Deep Confined Aquifer horizontal gradient is 
relatively constant at approximately 0.003 ft/ft beneath the Site. 
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3.0 TANK FARM LEASE PARCEL REMEDY DESCRIPTION 

The selected remedy for the TFLP will include long term operations and maintenance (O&M) of 
a subsurface cutoff wall around the perimeter of the former tank farm, an enhanced LNAPL 
recovery system, an asphalt final cover, and a stormwater drainage system.  A detailed 
description and the long-term O&M of the remedial actions are outlined in the O&M Plan (PES, 
2013b).  The primary objective of these passive systems is to prevent LNAPL migration from the 
TFLP and adjacent source area systems and to prevent future surface product seeps from 
occurring. 

Details of the cleanup are provided in the following documents: 

 Engineering Design Report (PES et al, 2013a); 

 Construction Drawings – Terminal 91 Tank Farm Cleanup; and 

 Technical Specifications – Terminal 91 Tank Farm Cleanup. 
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4.0 MONITORING NETWORK 

The locations of the network monitoring wells are shown on Figure 3.  A summary of wells and 
piezometer included in the CMP groundwater and LNAPL network is provided in Table 2.   

Groundwater monitoring prior to the CAP completion was performed in accordance with the 
2010 GMP (KJC, 2010a).  The previous GMP network included a total of 70 on-site and off-site 
monitoring wells which were monitored at the following frequency and criteria: monthly for 
LANPL (22 wells), annually for groundwater quality (13 wells) and annually for groundwater 
level monitoring (70 wells) 

4.1 Monitoring Well Decommissioning 

A total of 16 wells (which include former LNAPL extraction and monitoring wells) will be 
decommissioned during the cleanup action implementation.  The decommissioning of the wells 
will be conducted in accordance with the procedures outline in the EDR (PES, 2013a).  The 
following wells will be eliminated from the monitoring program:  PNO_EW01, PNO_MW102, 
PNO_MW03, UT-MW39-2, and CP_PR01 through CP_PR12.   

4.2 CMP Monitoring Wells 

The CMP groundwater monitoring network consists of 47 monitoring locations (46 wells and 
one piezometer (Figure 3).  Seven wells (UT_MW154 1 through UT_MW152-7) that are located 
north of the TFAA and were previously included in the GMP as part of the larger T91 Complex 
(Discrete Unit A.1 listed in Exhibit C of the 2010 agreed order) are not included in this CMP. 

The CMP monitoring network will include the wells described below by task. 

4.2.1 LNAPL Monitoring 

The LNAPL monitoring network will include at least four LNAPL monitoring wells (CP-107, 
CP-110, PNO-MW104, and UT-MW39-3) which historically contained LNAPL (Table 2).  
Additional LNAPL monitoring may be conducted at TFAA wells if the presence of LNAPL is 
detected during groundwater level monitoring or sampling.   

4.2.2 Groundwater Level Monitoring 

Groundwater level monitoring will be conducted at a total of 47 monitoring locations, which will 
include 37 shallow, 9 deep aquifer wells, and one shallow peizometer (Table 2).  The data 
collected from these wells will be used to confirm the groundwater flow pattern after installation 
of the cutoff wall and new asphalt cap. 

4.2.3 Groundwater Quality Monitoring 

Groundwater sampling will be conducted at total of 18 shallow and five deep groundwater 
monitoring wells listed in Table 2.  The shallow wells were selected to provide water quality data 
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along three flow paths from the source area to potential receptors while the deep wells were 
selected to monitor potential post-construction changes in groundwater quality.  The 
groundwater sampling network includes the following wells along the three flow paths (see 
Figure 3):  

 Tank Farm (Pier 90) Flow Path.  CP_108A; CP_GP02; CP_GP01A; and CP_GP08. 

 Tank Farm/SWMU 30 (Pier 91) Flow Path.  CP_103A; PNO_MW02, 
PNO_MW06A; PNO_MW103; CP_GP03A; CP_GP09 and CP_GP10.  

 Tank Farm/AOC 11 Flow Path.  CP_104A; CP_GP11; PNO_MW101; CP_GP05 
and CP_GP14. 

 Background Wells: CP_114 and CP_106A. 

 Deep Wells:  CP_108B; CP_203B; CP-205B; CP_GP01B; and PNO_MW06B. 

If post construction monitoring indicates significant changes to groundwater flow and/or 
chemistry, then the need for additional monitoring wells and or adjustments to the CMP 
monitoring network will be considered. 
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5.0 PROTECTION MONITORING 

Protection monitoring will be conducted to confirm the protection of human health and the 
environment during implementation of the long-term monitoring component of the cleanup 
action.  Protection monitoring will consist of the activities described below. 

5.1 Health and Safety Compliance 

All workers associated with the CMP activities will be required to provide and implement a 
project specific health and safety plan (HASP) prior to starting work at the Site.  The HASP will 
be prepared consistent with the requirements outlined in the Worker Health and Safety 
guidelines (WAC 173-340-810) and the Occupational Safety and Health Act (OSHA, 29 CFR 
1900). 

5.2 Site Safety Procedures  

All work procedures associated with the CMP (monitoring activities) will adhere to all Port of 
Seattle safety procedures.  All personnel will maintain a high degree of awareness of moving 
vehicles and any other hazards associated with the Site CMP activities.  Prior to the 
implementation of CMP activities, all personnel will conduct the following: 

 Meet with the Project Manger or Client Contact at the start of fieldwork to discuss 
equipment and personnel access to the work area; 

 Obtain any facility-related emergency information, i.e., evacuation areas and or 
special hazards; 

 Implement a plan for the protection and handling of equipment and personnel that 
may impact the facility.  Equipment will be handled and maintained in accordance 
with the procedures outline in the HASP by marking equipment and work zones with 
high visibility features (i.e. traffic cones), and installing safety equipment (i.e., 
structural driving ramps over hoses and electrical cords); 

 Plan and design work activities, when possible, to accommodate operations and 
limitations; and 

 Conduct periodic monitoring of impacts during the monitoring events to ensure that 
any installed safety features are maintained and functioning properly to protect 
personnel and equipment. 
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6.0 PERFORMANCE MONITORING 

The objective of performance monitoring is to confirm that the cleanup action has attained 
cleanup levels at the conditional points of compliance (CPOC) wells (WAC 173-340-410(1)(b)).  
Performance monitoring will be conducted to evaluate three aspects of the cleanup action:  
(1) the impact of the cutoff wall and cap on LNAPL migration, (2) the impact of the cutoff wall 
and cap on groundwater flow, and (3) the impact of the cutoff wall and cap on groundwater 
quality.  LNAPL performance monitoring will be conducted in at least 4 monitoring wells (based 
on historical LNAPL presence) within the TFAA CMP network in addition to 5 LNAPL 
collection trenches described in the O&M Plan (PES, 2013b).  Performance groundwater level 
monitoring will be conducted in all Site monitoring wells to confirm groundwater flow 
direction(s) after implementation of the cleanup actions.  Performance groundwater monitoring 
will be conducted at select wells within the monitoring network to assess how the cleanup action 
is affecting groundwater quality associated and to assess monitored natural attenuation (MNA).   

Performance LNAPL monitoring will be conducted until the performance criteria outlined in 
Section 12 has been met.  Performance groundwater monitoring will be conducted to confirm 
that groundwater cleanup levels continue to be achieved for Site IHSs at the CPOC wells near 
the downgradient property boundary after constructing the cleanup action. 

Tables 2 and 3 summarize the performance monitoring well network, monitoring frequency, and 
monitored parameters.  Well completion details for all TFAA monitoring wells are provided in 
Appendix A.  CMP well locations are shown on Figure 3.  All groundwater monitoring activities 
will be conducted in accordance with the procedures outlined in this monitoring plan, and the 
Port’s standard operating guidelines (SOGs), which are provided in Appendix B. 

The following sections provide an overview of the three components of performance monitoring. 

6.1 LNAPL Monitoring 

6.1.1 Monitoring Objectives  

The objective of the LNAPL monitoring is to evaluate the presence of LNAPL in TFAA 
monitoring wells.  Based on the historic distribution of LNAPL, at least four monitoring wells 
will be monitored for LNAPL, however if indications of LNAPL are detected in additional 
TFAA wells, they will be included in the LNAPL monitoring program. 

6.1.2 Monitoring Overview 

The CMP network wells (Table 2) will be monitored for LNAPL within the specified wells (with 
historic LNAPL detections) concurrent with the groundwater monitoring schedule.  Monitoring 
will be conducted on a quarterly basis for the first two years after cleanup actions are conducted, 
semiannually for the third and fourth years after cleanup actions are conducted, and annually for 
subsequent years.  Monitoring wells which contain at least 0.25 feet of LNAPL will be skimmed 
to remove the accumulated LNAPL.  Product recovery/skimming procedures are not included in 
this CMP but are outline in the O&M Plan ([PES, 2013b]).   
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6.2 Groundwater Level Measurements 

6.2.1 Monitoring Objectives  

Performance groundwater level monitoring will be conducted in all CMP monitoring wells 
(Table 2) to confirm the groundwater flow directions, horizontal hydraulic gradients, and vertical 
gradients between the shallow aquifer and the deeper confined aquifer beneath the property after 
implementation of the cleanup actions. 

6.2.2 Monitoring Overview 

Groundwater levels will be monitored concurrent with the groundwater quality monitoring 
schedule; quarterly for the first two years after cleanup actions are conducted, semiannually for 
the third and fourth years after cleanup actions are conducted, and annually for subsequent years.  
If post-construction monitoring indicates significant changes to groundwater flow, the need for 
additional monitoring wells and/or adjustments to the CMP will be considered. 

6.3 Groundwater Sampling 

6.3.1 Monitoring Objectives 

The objective of groundwater quality monitoring will be to assess how the cleanup action is 
affecting groundwater quality temporally and spatially and to confirm that cleanup levels 
continue to be met at the point of compliance after cleanup action implementation. 

6.3.2 Monitoring Overview 

The groundwater performance monitoring well network includes 18 shallow wells and five deep 
wells (Table 3) along the following three flow paths (Figure 3):  

 Tank Farm (Pier 90) Flowpath Wells:  CP_108A (source); CP_GP02 and 
CP_GP01A (plume); and CP_GP08 (sentinel).  

 Tank Farm/SWMU 30 (Pier 91) Flowpath Wells.  CP_103A (source); 
PNO_MW02, PNO_MW06A, PNO_MW103, and CP_GP03A (plume); and 
CP_GP09 and CP_GP10 (sentinel).  Two of the plume wells (PNO_MW02 and 
PNO_MW06A) are located in a secondary source area (SWMU 30).  

 Tank Farm/AOC 11 Flowpath Wells:  CP_104A (source); CP_GP11, 
PNO_MW101, and CP_GP05 (plume); and CP_GP14 (sentinel).  Two of the plume 
wells (CP_GP11 and PNO_MW101) are located near a potential secondary source 
(AOC 11). 

 Background/Upgradient Wells: CP_106A and CP-114. 

 Deep Wells:  CP_108B; CP_203B; CP-205B; CP_GP01B; and PNO_MW06B. 
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If post-construction monitoring indicates significant changes to groundwater flow and/or 
chemistry, the need for new monitoring wells and/or adjustments to the CMP will be considered. 

Performance monitoring wells will be monitored for the following field parameters: 

 Temperature;  
 pH;  
 Specific conductance; 
 Turbidity 
 Dissolved oxygen (DO); and  
 Oxidation reduction potential (ORP). 

Performance monitoring samples will be collected for the following laboratory analyses 
(Table 3): 

 Gasoline-range, diesel-range, and oil-range hydrocarbons using Ecology 
Methods NWTPH-Gx and NWTPH-Dx; and 

 BTEX using EPA Method 8260. 

Semiannually for the first two years of monitoring and annually thereafter, samples will also be 
submitted for the analysis of the following secondary geochemical indicators: 

 Sulfate and nitrate (EPA Method 300.0); 
 Manganese (EPA Method 6010B); 
 Methane (Modified RSK Method 175 or equivalent); 
 Ferrous iron (field kit, Hach Method 8146 or equivalent); and 
 Alkalinity (field kit, Hach Method AL AP MG-L or equivalent). 

These secondary geochemical indicators, which are used to assist with the evaluation of MNA, 
will be only be submitted for the shallow monitoring wells; the deep wells are not being 
evaluated for MNA and do not require these parameters.  Groundwater performance monitoring 
will be conducted on a quarterly basis for the first two years after cleanup actions are conducted, 
semiannually for the third and fourth years after cleanup actions are conducted, and annually for 
subsequent years until the performance criteria (Section 12) have been obtained at the points of 
compliance.  Upon completion of the performance monitoring program, the confirmational 
monitoring program outlined below will be implemented, consistent with natural attenuation as 
the final phase of cleanup. 
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7.0 CONFIRMATIONAL MONITORING 

The objective of confirmational monitoring is to confirm the long-term effectiveness of the 
cleanup action.  Cleanup standards are currently being achieved at the CPOCs, however 
performance and compliance monitoring will continue to confirm compliance.  
(WAC 173-340-410(1)(c)).  Confirmational monitoring will consist of water level monitoring 
and groundwater sampling of monitoring wells. 

7.1 LNAPL Monitoring 

7.1.1 Monitoring Objectives 

Confirmational LNAPL monitoring will be conducted, if present, within the TFAA monitoring 
wells to confirm long-term trends consistent with the final phase of the cleanup action. 

7.1.2 Monitoring Overview 

LNAPL monitoring will be conducted annually, if present, in the specified LNAPL monitoring 
wells (Table 2).  Wells that have completed the performance monitoring phase and do not have 
measurable LNAPL will be moved into the confirmational water level monitoring program.  
LNAPL monitoring will be conducted concurrent with the groundwater level and quality 
monitoring. 

7.2 Groundwater Level Measurements 

7.2.1 Monitoring Objectives 

Confirmational groundwater level monitoring will be conducted in all Site monitoring wells to 
confirm long-term groundwater flow trends consistent with the final phase of the cleanup action. 

7.2.2 Monitoring Overview 

Groundwater levels will be monitored annually in all Site monitoring wells concurrent with the 
groundwater quality monitoring. 

7.3 Groundwater Sampling 

7.3.1 Monitoring Objectives 

Confirmational groundwater quality monitoring will be conducted to confirm the long-term 
effectiveness of the cleanup action. 
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7.3.2 Monitoring Overview 

A summary of the confirmational monitoring program schedule and analytical parameters is 
provided in Table 3.  The confirmational monitoring well network, field parameters, and analysis 
will include a subset of the performance monitoring well network based on the performance 
monitoring results (i.e. CPOCs and one source well per flow path).   

Confirmational groundwater monitoring will be conducted annually to confirm that IHSs are 
below the established CULs at the COPC.  Upon consistent attainment of CULs, a formal request 
to Ecology (if appropriate) will be submitted for a reduction in the monitoring frequency, 
parameters, and monitoring network. 
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8.0 SAMPLING AND ANALYSIS PLAN 

The sampling and analysis plan for the project has been developed to collect high quality 
environmental data.  The overall goal of the compliance monitoring plan is to generate data that 
are acceptable for use in evaluating the groundwater quality with respect to the Site cleanup 
levels and long-term trends.  Specific sampling tasks for this investigation were previously 
outlined and are summarized as follows: 

 Monitor LNAPL levels in Site monitoring wells to evaluate potential migration after the 
installation of the cutoff wall and cap; 

 Monitor water levels on the prescribed basis to confirm the groundwater flow paths in 
both the shallow and deep zones at the Site; and 

 Monitor shallow groundwater conditions to provide a continuing assessment of the 
groundwater quality at the Site. 

As previously stated, previously approved Ecology sampling and analysis procedures have been 
reiterated and incorporated into this CMP, where applicable.  The Port’s SOGs for measuring 
LNAPL, measuring water levels, and groundwater sampling are included in Appendix B. 

8.1 LNAPL Monitoring 

8.1.1 Monitoring Locations and Schedule 

LNAPL monitoring will be conducted in four TFAA monitoring wells listed on Table 2.  If 
LNAPL presence is detected (i.e. sheen on water level probe tip) in any additional wells, then 
they will be included in the LNAPL monitoring program per this CMP. 

Monitoring of the TFAA monitoring wells will be conducted on a quarterly basis for the first 
year after cleanup actions are conducted, semiannually for the second and third years after 
cleanup actions are conducted, and annually for subsequent years.   

8.1.2 Equipment 

Equipment used for LNAPL monitoring is listed in the SOGs (Appendix B).  The equipment 
consists of an electronic oil/water interface probe for detection of LNAPL and water, and 
includes two types of responses:  one for detection of LNAPL, and the other for detection of 
water.  This detector consists of a permanently marked coaxial cable or plastic-coated flat wire 
with 0.01-foot calibrations, a detection probe, and electronic controls contained in a spool or reel. 

8.1.3 LNAPL Monitoring Methods 

LNAPL levels will be measured using the procedures outlined in the LNAPL monitoring SOG 
(Appendix B).  The following provides a summary of the procedures: 

1. Open the well monument, and remove any standing water and debris (i.e., sediment, 
vegetation, or refuse) prior to removing the well cap. 
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2. Open the well by carefully removing the well cap and allow the well to vent.  Record the 
time at which the well is initially vented to the atmosphere (i.e., time of well cap 
removal).  Document initial conditions (i.e., well over-pressurized or under-pressurized 
relative to the atmosphere) on the Water Level Form (Appendix C). 

3. After opening and venting the well, measure LNAPL or water level to the nearest 
0.01 foot.  If LNAPL is present (or suspected) measure an oil/water interface detector or, 
if no LNAPL is present, measure water level using an electric water-level indicator. 

4. After measuring the depth to LNAPL in the well, and before retrieving the probe from the 
well, slowly lower the probe further into the well.  When the LNAPL/water (or air/water) 
interface is detected, measure the depth to the interface.  Record the result to the nearest 
0.01 foot. 

5. Measure the water level at the surveyed measuring point (MP) on the north side of the top 
of the PVC casing. 

6. Duplicate the water level measurement in each well in the field to ensure that the reading 
is accurate.  Record all results (times, measured values, etc.) on the Water Level Form 
(Appendix C). 

7. Rinse the probe tip with distilled water between each well to avoid cross contaminating 
monitoring wells.  If LNAPL has high viscosity or is not readily removed using distilled 
water rinse, the equipment decontamination procedures included in Appendix B will be 
followed. 

8. Replace the well cap on each well upon completing the water level measurement. 

9. Periodically, check the time needed for water level equilibration after cap removal by 
measuring the water level in a well, allowing the well to vent for a more extended period 
of time (at least 1 hour), and measuring the water level a second time.  Record all results 
on the Water Level Form. 

10. Upon completion of the LNAPL/water level measurements, replace and tightly seal each 
of the well caps and surface monuments. 

8.2 Groundwater Level Measurements 

8.2.1 Monitoring Locations and Schedule 

Groundwater levels will be measured per the frequency outlined in Sections 6.2.2 and 7.2.2 in 
each network monitoring well (Table 2 and Figure 3) using an electronic groundwater probe.  
Note that if the presence of LNAPL is detected (i.e. sheen) in any well during the water level 
monitoring, then the specified well will be monitored per the procedures in Section 8.1.  The 
water level monitoring events will be conducted on a quarterly basis for the first year after 
cleanup actions are conducted, semiannually for years 2 and 3 post cleanup actions, and annually 
for subsequent years. 
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8.2.2 Equipment 

Equipment used for groundwater level monitoring is listed in the SOGs (Appendix B).  An 
electronic water level meter (e-tape) will be used to measure depth-to-water within the 
monitoring wells.  The meter consists of a permanently marked coaxial cable or plastic-coated 
flat wire with 0.01-foot calibrations, a detection probe, and electronic controls contained in a 
spool or reel.  The water level meter/sounder registers a response when the probe attached to the 
cable contacts an electrically conductive medium, such as water, thereby completing the 
electrical circuit.  The response is visible (e.g., red light), audible (e.g., alarm), or a combination 
of the two. 

8.2.3 Groundwater Level Monitoring Methods 

Groundwater levels will be measured using the SOGs in Appendix B for measuring water levels.  
A summary of the procedures follows: 

1. Open the well monument, and remove any standing water and debris (i.e., sediment, 
vegetation, or refuse) prior to removing the well cap. 

2. Open the well by carefully removing the well cap and allow the well to vent.  Record the 
time at which the well is initially vented to the atmosphere (i.e., time of well cap 
removal).  Document initial conditions (i.e., well over-pressurized or under-pressurized 
relative to the atmosphere) on the Water Level Form (Appendix C). 

3. After opening and venting the well, measure the initial water level to the nearest 
0.01 foot, using electronic water level probe. 

4. Measure the water level at the surveyed measuring point (MP) on the north side of the top 
of the PVC casing. 

5. Duplicate the water level measurement in each well in the field to ensure that the reading 
is accurate.  Record all results (times, measured values, etc.) on the Water Level Form 
(Appendix C). 

6. Rinse the probe tip with distilled water between each well to avoid cross contaminating 
monitoring wells. 

7. Replace the well cap on each well upon completing the water level measurement. 

8. Periodically, check the time needed for water level equilibration after cap removal by 
measuring the water level in a well, allowing the well to vent for a more extended period 
of time (at least 1 hour), and measuring the water level a second time.  Record all results 
on the Water Level Form. 

9. Upon completion of the water level measurements, replace and tightly seal each of the 
well caps and surface monuments. 
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8.3 Groundwater Sampling 

8.3.1 Monitoring Locations and Schedule 

Groundwater samples will be collected according to the following schedule; quarterly for the 
first year after cleanup actions are conducted, semiannually for the second and third years after 
cleanup actions are conducted, and annually for subsequent years.  Based on the previous 2010 
AO and GMP, annual groundwater monitoring was conducted during the month of September.  
To maintain historical consistency, the groundwater sampling events will be conducted during 
the last month of each quarter to coincide with the historical sampling months:  quarterly 
sampling will be conducted in March, June, September, and December, semiannual sampling 
will be conducted in March and September, and annual sampling will be conducted in 
September. 

Groundwater samples will be collected from 18 monitoring wells (Table 3 and Figure 3) using 
low-flow sampling techniques (Section 8.3.2) and submitted for laboratory analysis for the 
parameters outlined in Section 8.4: 

8.3.2 Groundwater Sampling Equipment and Methods 

Groundwater samples will be collected using Port approved SOGs provided in Appendix B.  All 
wells will be purged using the “low flow” method.  The purge rate is designed to be low enough 
to simulate natural groundwater flow conditions and to pull groundwater from a discrete zone 
within the adjacent aquifer near the pump intake, rather than pulling stagnant groundwater from 
within the well or from a large area around the well.  A low purge rate is also intended to reduce 
the possibility of stripping volatile constituents from groundwater and to reduce the likelihood of 
mobilizing colloids in the subsurface that are typically immobile under natural groundwater flow 
conditions.  A summary of the sampling procedures is outlined below. 

Sampling Preparation.  Prior to the initiation of any sampling activities, all of the necessary 
field equipment and documentation materials (e.g. field notebook and sampling forms) will be 
prepared.  A summary of the sampling tools and equipment to be used during the CMP activities 
are listed in the SOG for groundwater sampling (Appendix B).  Prior to the commencement of 
purging and sampling, each of the field instruments will be calibrated with standard solutions at a 
minimum of once per day.  Laboratory supplied sample bottles will be inspected for proper 
preservative (Table 4).  The depth to water will be measured prior to sampling using the 
procedures outlined in Section 8.2.3.   

Low-Flow Purging with Peristaltic Pump.  New disposable polyethylene tubing or dedicated 
polyethylene tubing will be used to sample each monitoring well.  The polyethylene tubing will 
be slowly lowered into the well until the tubing intake is at the midpoint of the well screen.  
Table 3 provides the well screen depths for each of the groundwater sampling monitoring wells.  
The monitoring well will be purged with the peristaltic pump fitted with new disposable silicon 
tubing in the pump head.  The polyethylene tubing in the well will be connected to the silicon 
tubing in the pump head.  The time will be recorded on a Groundwater Sampling Form 
(Appendix C), and the pump will be started.  Pumping rates will be measured with a stopwatch 
and graduated cylinder, graduated cup, or volatile organic analysis (VOA) 40 milliliter (mL) vial, 
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depending on flow rate.  Low flow purging will be conducted at a pumping rate between 100 and 
500 mL per minute (mL/min). 

During purging, the water level will be measured approximately every 3 to 5 minutes, until a 
steady water level is determined.  If possible, a drawdown of 0.3 feet or less will be maintained 
in the well, with the pumping rate lowered to a minimum rate of 100 mL/min if necessary to 
maintain a drawdown of 0.3 feet or less.  The water level in the well will be maintained above 
the tubing intake depth at all times.  If the well yield is sufficiently poor that the water level 
drops to the tubing intake, the pump will be stopped until the water level recovers to near the 
pre-pumping level.  The process will then be repeated until the field parameters have stabilized.  
The final purge volume will be at least as great as the submerged tubing volume plus the 
stabilized drawdown volume.  All measured water levels and pumping rate changes will be 
recorded on a Groundwater Sampling Form (Appendix C). 

Field Parameter Measurements.  Field indicator parameters will be measured approximately 
every 3 to 5 minutes during purging.  Field parameters will include pH, specific conductance, 
temperature, turbidity, dissolved oxygen (DO), and ORP.  Measurements will be recorded to the 
following standards: 

 pH to ±0.01 units; 
 Specific conductance  to ±1 microSiemens; 
 Temperature to ±0.1oC; 
 Turbidity to ±1 units; 
 DO to ±0.1 milligrams per liter (mg/L); and 
 ORP to ±1millivolts (mV). 

Samples will not be collected until these parameters have stabilized for three consecutive 
readings to the following criteria: 

 pH to ±0.2 pH unit;  
 Specific conductance to ±3 percent; and 
 Temperature to ±3 percent. 

Attempts to stabilize turbidity, DO, and ORP measurements should be made, but will not be used 
to determine stability.  If field parameters do not stabilize after 1 hour of pumping, a sample will 
be collected.  Well purging data will be recorded on a Groundwater Sampling Form.  Field 
instruments will be calibrated using known, standard solutions, a minimum of once per day. 

Sample Collection.  Samples will be collected according to the methods outlined in the SOGs 
(Appendix B).  Upon completion of purging, samples will be collected from the discharge end of 
the peristaltic pump tubing.  The same pump rate used at the end of well purging will be used 
during sample collection.  Samples will be collected by allowing the sample water to pour down 
the inside of the VOA vials and without splashing onto the base.  All sample containers will be 
prepared and provided by the analytical laboratory (Table 4). 

After collection of the sample from each well, the disposable polyethylene tubing will be 
removed from the well, the well cap will be replaced, and the well cap or monument locked.  All 
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used tubing will be discarded appropriately.  If dedicated tubing is used, it will either be secured 
in the well casing or removed from the well and placed in a dedicated storage bag. 

Decontamination and purge water will be handled in accordance to the residuals management 
procedures outlined in Sections 8.6 and 8.7, respectively. 

8.4 Laboratory Analytical Procedures 

Tables 3 and 4 identify the wells, analyses, and laboratory methods for groundwater samples.  
Performance and confirmation groundwater samples will be submitted to a Washington State 
accredited laboratory for the following analytical parameters:  

 Gasoline-range, diesel-range, and oil-range hydrocarbons using Ecology 
Methods NWTPH-Gx and NWTPH-Dx; and 

 BTEX using EPA Method 8260. 

The following secondary geochemical parameters will be also be analyzed semiannually for the 
first two years of monitoring and annually thereafter: 

 Sulfate and nitrate (EPA Method 300.0); 
 Manganese (EPA Method 6010B); 
 Methane (Modified RSK Method 175 or equivalent); 
 Ferrous iron (field kit, Hach Method 8146 or equivalent); and 
 Alkalinity (field kit, Hach Method AL AP MG-L or equivalent). 

8.5 Sample Labeling, Shipping, and Chain-of-Custody 

Sample labeling, shipping, and chain-of-custody will be performed consistent with the 
procedures described below. 

8.5.1 Sample Labeling 

Sample container labels will be completed immediately before or immediately following sample 
collection.  Container labels will include the following information: 

 Project name; 
 Sample name labeled with a unique sample identification number.  The sample number 

consists of the appropriate monitoring well designation followed by a date identification 
code.  The date identification code consists of a four-digit number that represents the 
month and year that the sample was collected.  For example, the sample number 
CP-104A-120113 denotes a sample collected in December 1, 2013 from monitoring well 
CP-104A;   

 Date and time of collection; 
 Initials of collector; 
 Preservatives added to the sample; and 
 Parameter(s) for which the sample to be analyzed. 
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Field duplicates and field blanks will be submitted blind to the analytical laboratory.  Sample 
numbers associated with field duplicates and field blanks will include a generic (distinct from 
any wells that are being sampled) well number (e.g., D-100) and four digit date identification, as 
described above.  The actual sample numbers and associated samples (for field duplicates) will 
be recorded in a field notebook and or Groundwater Sampling Form. 

All trip blanks are provided by the analytical laboratory and are labeled as “Trip Blank” with a 
date identification code as described above.  Distinctions among multiple field or trip blanks can 
be made by the associated dates.  

8.5.2 Sample Shipping 

Samples will be shipped to the analytical laboratory using the procedures outlined in the SOG 
Sample Packaging and Shipping.  General guidelines are summarized below: 

 Sample containers will be place in a sealed, iced cooler or other suitable shipping 
container after sample collection.  This container will be used for transporting the 
samples to the analytical laboratory; 

 In each shipping container, glass bottles will be separated by a shock absorbing material 
to prevent breakage and leakage; 

 Ice sealed in separate plastic bags or “gel ice” packs, will be placed into each shipping 
container with the samples; 

 All sample shipments will be accompanied by a chain-of-custody form (COC).  The 
completed form will be sealed in a plastic bag, which will be taped to the inside lid of the 
shipping container; 

 Signed and dated COC seals will be placed on all shipping containers; and 

 The name and address of the analytical laboratory, along with the sampling company 
name and office (return) address, will be placed on each shipping container prior to 
shipping.  

8.5.3 Chain-of-Custody 

Once a sample is collected, it will remain in the custody of the sampler or other approved project 
personnel until shipment to the laboratory.  Upon transfer of sample possession to subsequent 
custodians, a COC will be signed by the persons transferring custody of the sample container.  A 
signed and dated chain-of-custody seal will be placed on each shipping container prior to 
shipping.  Chain-of-custody records will be included in the analytical report prepared by the 
laboratory. 

8.6 Decontamination 

Decontamination procedures will be performed consistent with the procedures described in the 
SOG Equipment Decontamination (Appendix B).  All non-disposable sampling equipment will 
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be decontaminated prior to initial use, between sampling locations, and at the completion of the 
site-specific sampling. 

Decontamination of personnel involved in sampling activities will be accomplished as described 
in a site-specific health and safety plan. 

8.7 Sampling Residuals 

Investigative derived waste (IDW) will be properly contained after each sampling event, and 
disposed of according to local, state, and federal laws.  Purge water, non-dedicated disposable 
tubing, and used personal protective equipment (PPE) will be contained onsite in drums for 
subsequent disposal by the Port under its waste handing program. 

The following procedures will be used for the investigation residuals, including groundwater 
sampling purge water and decontamination water: 

 Purge water and decontamination water generated during the investigation activities will 
be placed in 55-gallon drums and stored on site.  The drums will be managed as Satellite 
Accumulation drums and stored in the appropriate areas until they have been filled; and 

 Disposable clothing and equipment will be placed in plastic bags and disposed of as solid 
waste. 
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9.0 MONITORING NETWORK MAINTENANCE 

This section describes a program to provide regular inspection, and if necessary, maintenance of 
the groundwater monitoring wells and associated equipment. 

9.1 Well Inspection 

Monitoring wells in the network are inspected by the sampling team during routine monitoring to 
assess their integrity.  The inspection involves a visual inspection of the well to determine if the 
well has been damaged or tampered with.  The well inspection verifies the physical condition of 
the well at the ground surface, the internal well casing, and the dedicated sampling equipment.  
Monitoring wells will also be fully inspected after any major physical event that may affect the 
wells, such as an earthquake or heavy construction in the vicinity of a well. 

Problems discovered during the inspection will be recorded on field forms and a well 
maintenance form, which will be provided by the field personnel to the Project Manager.  
Problems that require immediate attention will be reported to the Project Manager so as to 
remedy the condition prior to the next sampling event.  If a significant problem, such as a broken 
wellhead, bent casing, or other damage that compromises well access is discovered, it may be 
necessary to remedy the problem as soon as possible and/or before sampling.  A problem with 
the well integrity may require a modification of the sampling schedule or some other change in 
the sampling program.  All decisions regarding such modifications will be reported immediately 
by the field personnel to the Project Manager.  The Project Manager will be responsible for 
maintaining technical liaison with Ecology and the Port regarding such issues. 

9.2 Maintenance 

Total well depths within the 18 groundwater sampling monitoring wells (Table 3) will be 
measured once per year to evaluate the well integrity.  All other wells (TFAA water level 
monitoring wells, Table 1) will be monitored once every 4 years to evaluate the integrity of the 
well.  The procedure for sounding the wells is given in the SOGs (Appendix B).  If more than 1 
foot of sediment has built up in the bottom of a well, the well will be redeveloped and the 
sediment removed, as described in SOG – Well Development (Appendix B).   

All sampling equipment used for groundwater monitoring will be maintained regularly by the 
sampling team members according to the appropriate equipment standard operation procedures 
(SOP) or the manufacturer's equipment manuals. 

9.3 Monitoring Well Replacement 

If any monitoring well in the monitoring well network must be replaced, the Port will notify 
Ecology prior to replacement.  The replacement will be completed upon approval of Ecology and 
preferably prior to the next scheduled groundwater sampling event. 

If it is agreed that the well has become unsuitable for groundwater sample collection, the Port 
will propose the location of a replacement well, if a replacement well is considered necessary, 
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consistent with the needs of the groundwater monitoring program.  The location of any 
replacement well may or may not be near the previous well location.  A monitoring well 
construction form will be completed for the new well, and a copy will be submitted to Ecology. 

Wells will be decommissioned in accordance with WAC 173-160-460 (Abandonment of 
Resource Protection Wells).  The Port’s drilling contractor will file the appropriate notification 
of well abandonment with Ecology. 

Field personnel will inspect the drilling and construction of all new or replacement monitoring 
wells.  A detailed drilling log of each well will be constructed, and this CMP will be revised to 
reflect changes in the monitoring well network, as necessary. 
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10.0 QUALITY ASSURANCE PROJECT PLAN 

The QAPP describes the measures undertaken so that the data collected during the project are 
acceptable for their intended use(s) and includes the elements from Ecology’s QAPP guidance 
document (Ecology, 2004).  The specific requirements pertaining to this CMP are described in 
the project QAPP provided in Appendix D. 

A summary of the project QAPP requirements are described in this section. 

10.1 Quality Assurance Project Plan Objectives 

The overall QAPP objective for measurement data is to provide data of known and acceptable 
quality.  All measurements will be made to yield accurate and precise results representative of 
the media and conditions measured.  Chemical analyses will be performed in accordance with 
the requirements of the analytical methods.  All sample results will be calculated and reported in 
consistent units to allow comparison of the sample data with regulatory criteria and federal, state, 
and local databases.  QAPP objectives for precision, accuracy, and completeness have been 
established for each measurement variable, where possible, and are discussed below. 

10.2 Chemical Analyses 

Analysis of environmental samples will be performed in accordance with the laboratory 
analytical methods summarized in the QAPP (Appendix D) and on Table 4.  The laboratory will 
report the results to levels specified in the QAPP as necessary to meet the cleanup levels.  Any 
special analytical methods or modifications to methods will be determined with laboratory 
concurrence prior to beginning sample analysis. 

10.3 Laboratory Quality Control 

The QAPP presents quality control (QC) requirements for the analytical laboratory.  The purpose 
of this QC program is to produce data of known quality meeting project objectives and the 
requirements of the standard methods of analysis.  Laboratory QC samples will include 
laboratory control samples (LCSs), matrix spike/matrix spike duplicate (MS/MSD) samples, and 
method blanks.   

10.4 Field Quality Assurance 

Field QC samples will be collected during groundwater sampling and will include trip blanks, 
equipment blanks, and field duplicates.  Field QC samples will be collected as summarized in the 
QAPP and on Table 5.  A summary of the field QC samples is described below. 

10.4.1 Trip Blanks 

One trip blank per sampling event will be included with the shipment of samples to the 
laboratory and will be analyzed for VOCs.  If an analyte is detected in a trip blank, the data will 
be qualified during the data review per the QAPP. 
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10.4.2 Equipment/Field Blanks 

Equipment blank samples are collected to identify potential contamination from the sample 
collection equipment and to identify potential cross-contamination between sampling locations.  
One equipment blank sample will be collected during each sampling event.  The equipment 
blank sample is collected by rinsing or pumping through the sampling equipment with distilled 
or deionized water and placing the collected water in an appropriate container with preservative, 
as necessary.  One equipment blank per sampling event will be included with the shipment of 
samples to the laboratory and will be analyzed for VOCs.  If an analyte is detected in a blank 
sample, the data will be qualified during the data review per the QAPP. 

10.4.3 Field Duplicates 

A field duplicate sample is a second sample collected at the same location as the original sample.  
Duplicate samples are collected simultaneously or in immediate succession, using identical 
sampling techniques, and treated in an identical manner during storage, transportation, and 
analysis.  The sample containers are assigned an identification number in the field so that they 
cannot be identified (blind duplicate) as duplicate samples by laboratory personnel performing 
the analysis.  Duplicate sample identification guidelines are specified in the QAPP 
(Appendix D).  Duplicate sample results are used to assess precision of the sample collection 
process.  Per the QAPP, one duplicate sample will be collected for approximately every 
20 project samples. 

10.5 Data Reporting and Review 

The laboratory performing sample analyses will be required to submit summary data and QA 
information per the QAPP (Appendix D) to permit independent determination of data quality.   
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11.0 DATA EVALUATION 

11.1 Data Validation 

The purpose of data validation is to verify that the data are of known quality, are technically 
valid, are legally defensible, satisfy the project objectives, and are usable for their intended 
purpose.  All chemistry data will be validated per the project the guidelines specified in the 
QAPP (Appendix D) and per USEPA data review guidelines (USEPA, 1999 and 2002). 

11.2 Data Evaluation 

The following data collected as part of the CMP will be evaluated to determine if the CAOs have 
been met following the cleanup action implementation. 

11.2.1 LNAPL Monitoring 

LNAPL monitoring data will be evaluated to determine the post-cleanup migration patterns and 
levels with respect to historical data.   

11.2.2 Groundwater Levels 

Groundwater level data will be evaluated to determine the post-cleanup flow paths and hydraulic 
gradients with respect to historical data.  The data evaluation will help determine if the existing 
monitoring network is sufficient to for flow path analysis.   

11.2.3 Groundwater Quality 

Groundwater quality data will be evaluated to determine the effects of cleanup actions on the 
groundwater quality.  More specifically the data will be evaluated to confirm that groundwater 
containing IHSs (if detected) remain at concentrations below the applicable CULs at the 
specified CPOCs. 

11.3 One Year Site Review 

The one year site review will be conducted to evaluate the impact of the cleanup actions to the 
Site groundwater quality and to evaluate that MNA is occurring. 

11.4 Five Year Site Review 

After 5 years of groundwater and LNAPL monitoring, an evaluation report will be prepared that 
will include a summary of the five preceding annual reports and discussions about longer term 
trends in groundwater data.   

After several years of monitoring, if the plume is determined to be stable or shrinking and less 
frequent monitoring of the trends would be sufficient to demonstrate that CULs continue to be 
met, the Port may propose less frequent monitoring or a reduction in the monitoring network to 
Ecology. 
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12.0 CRITERIA FOR MEETING PERFORMANCE AND COMPLIANCE 
STANDARDS 

Cleanup levels for the Site were developed for IHSs in groundwater that could potentially 
contribute to human health or ecological risks (FS Report; PES et al., 2009).  Table 1 presents 
the CMP IHSs and associated CULs determined in the FS.  The primary numeric cleanup 
standards for the Site are the groundwater cleanup levels that address protection of human and 
aquatic receptors.  The other cleanup standard applicable to the Site relates to the prevention of 
LNAPL from accumulating on the groundwater.  Compliance with each of the two standards is 
discussed below. 

The concentration of IHSs in groundwater are currently below cleanup levels at all CPOC wells.  
Implementation of the CMP program (which incorporates MNA) included in the presumptive 
cleanup actions will document whether or not cleanup levels continue to be met at these wells in 
the future. 

12.1 Performance Monitoring 

The groundwater performance monitoring program is designed to assess how the cleanup action 
is affecting groundwater quality and to determine if the cleanup levels continue to be achieved at 
the CPOC.  The four current CPOC wells are located at the downgradient end of three shallow 
groundwater flow paths at the Site (Figure 3).  CP_GP08 is located at the downgradient end of 
the Pier 90 flow path, CP_GP09R and CP_GP10 are located at the downgradient end of the 
Pier 91 flow path, and CP_GP14 is the CPOC for the AOC 11 flow path.  The groundwater 
performance monitoring program will be conducted under the schedule specified in Section 6.3.  
If, after 3 years, the cleanup levels continue to be met at the CPOC wells, the plume 
concentrations are stable or decreasing, and LNAPL monitoring shows stable to decreasing 
LNAPL levels, the Port may make a request to Ecology to proceed to Site confirmational 
groundwater monitoring with a decrease in monitoring frequency.  If the CPOC wells show 
short-term exceedances in CULs due to disturbances caused by cleanup action construction, then 
performance monitoring will continue until concentrations decrease.  LNAPL monitoring will 
continue during the entire performance monitoring period. 

12.2 Confirmational Monitoring 

Confirmational groundwater monitoring will be initiated when the performance criteria listed 
above have been met.  Confirmational monitoring will be conducted annually to confirm that 
IHSs remain below the established CULs in the CPOC wells.  The FS assumed that MNA 
monitoring would continue for 30 years, but if after 4 years the cleanup levels continue to be met 
at the CPOC wells, the plume concentrations are stable or decreasing, and LNAPL monitoring 
shows stable to decreasing LNAPL levels, the Port may make a request to Ecology to reduce the 
monitoring frequency, reduce the number of parameters monitored, reduce the number of wells 
within the network, or request a modification of the CPOCs.   
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13.0 REPORTING 

13.1 Progress Reports 

In accordance with AO No. DE 8938, quarterly status reports will be submitted to Ecology to 
quarterly on or before January 20, April 20, July 20, and October 20 of each year, and continuing 
until all of the requirements of the AO are completed to Ecology’s satisfaction.   

Each status report will include the following: 

 All work conducted pursuant to the Agreed Order during the last three month period; 

 Occurrence of any problems, how problems were rectified, deviations from the work 
plans and an explanation of all deviations; 

 Projected work to occur in the upcoming three months; 

 Summaries of significant findings, changes in personnel, summaries of significant 
contacts with all federal, state, local community, and public interest groups; and 

 Monitoring data collected pursuant to this CMP, not separately reported, (as copies of the 
original laboratory reporting data sheets, and in tabulated data format) for which quality 
assurance procedures are completed during the three month period; note, groundwater 
data will not be included in the quarterly progress reports as it will be submitted each 
year in the annual progress report. 

In addition to the quarterly status reports, annual groundwater monitoring reports will be 
prepared and submitted to Ecology.  The annual groundwater monitoring reports will include at a 
minimum:  

 An overview of current cleanup status, identifying significant results and data trends; 

 Water level contour maps using data from all groundwater monitoring wells sampled 
during each sampling event; 

 Tabulated concentrations of IHSs and water table elevation data from the previous year’s 
sample events.  Tables will note groundwater cleanup levels; 

 Copies of all laboratory analytical data sheets, chain of custody forms, and field activity 
logs; and 

 A narrative discussion of data validation and a description of all data qualified or 
rejected. 

13.2 Five-Year Review Report 

After 5 years of system operation, an evaluation report will be prepared that will include a 
summary of the five preceding annual reports and discussions about longer term trends in the 
groundwater data. 
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Table 1

Indicator Hazardous Substances and Cleanup Levels
Compliance Monitoring Plan
Port of Seattle Terminal 91

PES Environmental, Inc.

S94800704R_1744_T1-5 Page 1 of 1

Indicator Hazardous Substance Final Cleanup Level (µg/L)1

Benzene 9.7
Toluene 8,260

Ethylbenzene 2,100
Total Xylenes 1,160
TPH-Gasoline 800
TPH-Diesel 500

TPH-Heavy Oil 500
Notes:

TPH = Total Petroleum Hydrocarbons.
µg/L = micrograms per liter.
1.  Final groundwater cleanup levels from 2009 Final Feasibility Study Report (PES, 2009).



Table 2

Monitoring Well Summary
Compliance Monitoring Plan

Port of SeattleTerminal 91 Site

PES Environmental, Inc.

Well I.D. Aquifer
Top of Casing 

Elevation Well Depth
Historic LNAPL 

Presence
Groundwater 

Level Monitoring
Groundwater 

Sampling
B1-93   Shallow  17.24 30.00 X
CP-103A   Shallow  17.11 15.00 X X
CP-104A   Shallow  17.13 15.00 X X
CP-104B  Deep 16.86 50.00 X
CP-106A   Shallow  18.00 15.00 X X
CP-106B  Deep 17.91 41.50 X
CP-107   Shallow  17.15 20.00 X X
CP-108A   Shallow  16.58 15.00 X X
CP-108B  Deep 16.77 60.00 X X
CP-110   Shallow  17.42 16.50 X X
CP-111   Shallow  17.64 15.00 X
CP-112   Shallow  17.04 15.00 X
CP-113   Shallow  17.29 17.00 X
CP-114   Shallow  17.94 14.00 X X
CP-115A   Shallow  17.74 21.00 X
CP-115B   Shallow  17.64 42.50 X
CP-121   Shallow  17.61 21.00 X
CP-122B  Deep 16.90 42.50 X
CP-203B  Deep 16.99 59.95 X X
CP-205A   Shallow  17.74 14.00 X
CP-205B  Deep 17.73 50.00 X X
CP-GP01A   Shallow  17.68 19.20 X X
CP-GP01B  Deep 17.60 64.50 X X
CP-GP02   Shallow  17.39 20.10 X X
CP-GP03AR  Shallow  17.77 19.85 X X
CP-GP03BR Deep 17.74 64.50 X
CP-GP04R   Shallow  17.90 19.83 X
CP-GP05   Shallow  17.44 10.00 X X
CP-GP06   Shallow  17.46 17.50 X
CP-GP07R   Shallow  18.08 19.85 X
CP-GP08   Shallow  17.37 18.00 X X
CP-GP09R   Shallow  17.45 18.00 X X
CP-GP10   Shallow  17.92 17.85 X X
CP-GP11   Shallow  16.94 20.00 X X
CP-GP12   Shallow  17.42 20.00 X
CP-GP13   Shallow  17.01 20.00 X
CP-GP14   Shallow  17.63 20.00 X X
CP-PR-13  Shallow  17.31 12.90  X
CP-W210  Shallow  17.11 14.95  X
PNO-MW02  Shallow  17.71 17.00  X X
PNO-MW06A  Shallow  18.05 17.50  X X
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Table 2

Monitoring Well Summary
Compliance Monitoring Plan

Port of SeattleTerminal 91 Site

PES Environmental, Inc.

Well I.D. Aquifer
Top of Casing 

Elevation Well Depth
Historic LNAPL 

Presence
Groundwater 

Level Monitoring
Groundwater 

Sampling
PNO-MW06B Deep 17.98 55.40  X X
PNO-MW101  Shallow  17.74 16.30  X X
PNO-MW103  Shallow  17.48 17.00  X X
PNO-MW104  Shallow  17.43 17.40 X X
UT-MW39-1  Shallow  16.65 17.50  X
UT-MW39-3  Shallow  17.33 14.00 X X

Notes:
LNAPL = Light non-aqueous phase liquid

1.  Elevation at top of PVC casing relative to mean low low water vertical datum.

3.  Monitoring of LNAPL trenches is included in the O&M plan (PES, 2013b).

2.  Groundwater Level Monitoring, LNAPL Monitoring and Groundwater Sampling will be conducted quarterly for one year after cleanup 
actions conducted, semiannually for  years 2 & 3 post cleanup actions, annually thereafter.
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Table 3

Groundwater Monitoring Well Sampling Summary
Compliance Monitoring Plan - Port of SeattleTerminal 91 Site

PES Environmental, Inc.

Monitoring Screen Field MNA MNA Secondary 
Well I.D. Northing Easting Point Elevation Depth Parameters Parameters Geochemical Indicators

Shallow Monitoring Wells
CP-103A  234,971.67 1,258,579.33 17.11 5 - 15 Q/SA/A Q/SA/A SA/A
CP-104A  235,420.29 1,258,579.32 17.13 5 - 15 Q/SA/A Q/SA/A SA/A
CP-106A  235,302.65 1,258,919.98 18.00 5 - 15 Q/SA/A Q/SA/A SA/A
CP-108A  234,962.43 1,258,930.72 16.58 5 - 15 Q/SA/A Q/SA/A SA/A
CP-114  235,478.09 1,258,827.37 17.94 4 - 14 Q/SA/A Q/SA/A SA/A
CP-GP01A  234,782.73 1,259,137.79 17.68 4 - 19 Q/SA/A Q/SA/A SA/A
CP-GP02  234,870.03 1,259,056.75 17.39 5 - 20 Q/SA/A Q/SA/A SA/A
CP-GP03AR 234,502.63 1,258,278.08 17.77 5 - 20 Q/SA/A Q/SA/A SA/A
CP-GP05  234,924.05 1,258,076.80 17.44 8 - 18 Q/SA/A Q/SA/A SA/A
CP-GP08  234,461.44 1,259,036.57 17.37 8 - 18 Q/SA/A Q/SA/A SA/A
CP-GP09R  234,286.11 1,258,445.22 17.45 8 - 18 Q/SA/A Q/SA/A SA/A
CP-GP10  234,298.17 1,258,331.41 17.92 8 - 18 Q/SA/A Q/SA/A SA/A

CP-GP11  235,154.00 1,258,335.00 16.94 3 - 11 Q/SA/A Q/SA/A SA/A
CP-GP14  234,925.00 1,257,822.00 17.63 4 - 19 Q/SA/A Q/SA/A SA/A
PNO-MW02 234,813.86 1,258,465.11 17.71 7 - 17 Q/SA/A Q/SA/A SA/A
PNO-MW06A 234,774.15 1,258,423.77 18.05 7.5 - 17.5 Q/SA/A Q/SA/A SA/A
PNO-MW101 234,996.13 1,258,274.86 17.74 7 - 16.3 Q/SA/A Q/SA/A SA/A
PNO-MW103 234,473.41 1,258,455.40 17.48 7 - 17 Q/SA/A Q/SA/A SA/A
Deep Monitoring Wells
CP-108B 234,962.11 1,258,926.05 16.77 50 - 60 Q/SA/A Q/SA/A NA
CP-203B 234,970.82 1,258,601.63 16.99 50-60 Q/SA/A Q/SA/A NA
CP-205B 235,681.35 1,258,725.57 17.73 34.5 - 44.5 Q/SA/A Q/SA/A NA
CP-GP01B 234,780.26 1,259,129.54 17.60 4 - 19 Q/SA/A Q/SA/A NA
PNO-MW06B 234,764.73 1,258,423.75 17.98 45-55 Q/SA/A Q/SA/A NA

Notes: 1. Northing and easting in feet relative to the Washington State Plane System North Zone (NAD 27).

2. Elevations in feet relative to the North American Vertical Datum (NAVD 88).

3. Monitoring point = top of the PVC well casing.

4. All depths shown in feet below ground surface.

3. Q = Quarterly.

4. SA = Semiannually.

5. A = Annually

5. Q/SA/A = Quarterly for 2 years after cleanup actions conducted, semiannually for  years 3 & 4 post cleanup actions, annually thereafter.

6. SA/A = Semiannually for 2 years after cleanup actions conducted, annually thereafter. 

7. Field parameters include pH, conductivity, temperature, dissolved oxygen and redox potential,

9. MNA Secondary Geochecmical Indicators = Sulfate and Nitrate (EPA Method 300.0), Manganese (EPA Method 6010B), Methane (Modified RSK Method 
175 or equivalent); Ferrous Iron (field kit, Hach Method 8146 or equivalent), and Alkalinity (field kit, HACH Method AL AP MG-L or equivalent).

8. MNA Parameters = Gasoline-range, diesel-range, and oil-range hydrocarbons using Ecology Methods NWTPH-Gx and NWTPH-Dx and BTEX using EPA 
Method 8260.

10. NA = Not applicable to deep aquifer monitoring.
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Table 4

Analytical Methods and Sample Handling Details
Compliance Monitoring Plan

Port of Seattle Terminal 91 Site

PES Environmental, Inc.

Analyses Analytical Method Water Sample Container Preservation Max Holding Time

Total Petroleum Hydrocarbons (TPH) - Gasoline Range NWTPH-Gx 2 x 40 mL VOA vial Cool, 4°C, HCL, pH <2 14 days

TPH - Diesel Range and Oil Range NWTPH-Dx 1 Liter Amber Cool, 4°C, HCL, pH <2 14 days

Volatile Organic Compunds (VOCs) - BTEX only EPA 8260 2 x 40 mL VOA vial Cool, 4°C, HCL, pH <2 14 days

Nitrate EPA 300.0/9056 500 mL HDPE Cool, 4°C 48 hours

Sulfate EPA 300.0/9056 500 mL HDPE Cool, 4°C 28 days

Total Alkalinity SM 2320/Hach AL AP MG-La 500 mL HDPE Cool, 4°C 14 days

Manganese 6010B 500 mL HDPE Cool, 4°C, HNO3, pH<2 28 days

Ferrous Iron SM 3500-Fe/Hach 8146 1 Liter Amber Cool, 4°C 24 hoursb

Dissolved Gases EPA RSK 175 2 x 40 mL VOA vial Cool, 4°C, HCL, pH <2 14 days
Notes:  1. Gasoline-range, diesel-range, and oil-range hydrocarbons using Ecology Methods NWTPH-Gx and NWTPH-Dx.

2. HDPE = high density polyethelyene.

3. Analyses will be conducted by the methods specified or equivalent methods.
a Hach field test kit.
b Analyze immediately upon receipt at laboratory.
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Table 5

Laboratory and Field Quality Control Sample Summary
Compliance Monitoring Plan

Port of Seattle Terminal 91 Site

PES Environmental, Inc.

S94800704R_1744_T1-5 Page 1 of 1

Matrix QA/QC Analyses Frequency
Field

Water Trip blank 1 per sampling event when samples are analyzed 
for VOCs

Water Equipment Blank 1 per sampling event when samples are analyzed 
for VOCs

Water Field duplicate 1 per 20 project samples
Laboratory

Water Laboratory control sample (LCS) Every analytical batch
Water MS/MSD 1 per 20 project samples
Water Method blank Every analytical batch
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WELL LOGS 



































































































































































































 

 

APPENDIX B 
 

STANDARD OPERATING GUIDELINES 
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FIELD FORMS 
 

  



G:\Public\Admin\Forms\Field Forms\Daily_Field_Report_form Last up-date:3/24/03 

PAGE OF  PES Environmental, Inc.
 Engineering & Environmental Services

DAILY FIELD REPORT

DATE:

PROJECT:

JOB No:

PROJECT MANAGER:

DESCRIPTION: SIGNATURE

TIME DESCRIPTION, COMMENTS, NOTES, ETC.

RECORDED BY:

ATTACHMENTS:  □ NO    □ YES



G:\Public\Admin\Forms\Field Forms\Copy of Free_Product_form_POS Last up-date: 3/24/03

PAGE    OF

MEASURING INSTRUMENT:

□ STEEL TAPE/BAR WITH PASTE

□ OTHER-TYPE: DATUM: □  MEAN SEA LEVEL

1st 2nd 3rd 1st 2nd 3rd

COMMENTSSAMPLE NO. VOLUME/CONT.
ANALYSIS 

REQUESTED
PRESERVATIVES

□ OTHER - TYPE: _____________________________

SAMPLE DISTRIBUTION: SAMPLE SERIES: _____________________________________________________

□ GRAB - TYPE: _____________________________

PRODUCT 
THICKNESS 

(feet)

LABORATORY

PRODUCT SAMPLING
      SAMPLING METHOD: __________________________________________________________________________

  INSTRUMENT SERIAL No. _______________________________

DEPTH TO WATER (Feet)

ELEVATION 
FOR TOP OF 

PRODUCT 
(feet)

□ BAILER - TYPE: _____________________________

WELL I.D.
DEPTH TO PRODUCT (Feet)

REFERENCE 
ELEVATION 

(Feet)TIME

         □ OTHER - DESCRIBE _____________

PRODUCT THICKNESS MEASUREMENT

 Engineering & Environmental Services

□ ELECTRIC INTERFACE PROBE

___________________________________

  PES Environmental, Inc.
DATE:

PROJECT:

JOB No:

FIELD PERSONNEL:

FREE PRODUCT FORM
RECORDED BY:



PAGE OF

MEASURING INSTRUMENT:

□ STEEL TAPE DATUM: □  MEAN SEA LEVEL

□ ELECTRONIC SOUNDER   SERIAL No.

1st 2nd 3rd

     □ OTHER - DESCRIBE

□ OTHER-TYPE 

  PES Environmental, Inc.

RECORDED BY:

 Engineering & Environmental Services

WATER LEVEL DATA FORM

DATE:

PROJECT:

JOB No:

FIELD PERSONNEL:

WELL I.D.

WATER 
LEVEL 

ELEVATION 
(Feet)

COMMENTS (well condition, odor, 
presence of product, etc.)

DEPTH TO WATER (Feet)REFERENCE 
ELEVATION 

(Feet)
TIME

G:\Public\Admin\Forms\Field Forms\Water_Level_form Last up-dated: 3/24/03G:\Public\Admin\Forms\Field Forms\Water_Level_form Last up-dated: 3/24/03



Well Type:                      □ Monitoring              □ Extraction               □ Other

Well Material:                  □ PVC                         □ Stainless Steel        □ Other

Time
Gallons 

Removed
pH

Conductivity 
(µmhos/cm)

Temperature 
(ºC)

DTW (feet 
bgs)

ORP (mV)
DO   

(mg/L)

PURGING METHOD

Well No:

FIELD PARAMETER MEASUREMENTS

Observations (color, well condition, odor, 
cloudiness, etc. )

Water-Level Depth (WL in feet below top of casing): _______

Job No:

Recorded By:

Sampled By:

PUMP INTAKE SETTING

□ Bailer - type: ______________________

□ Submersible     □ Centrifugal      □ Bladder

□ Peristaltic - Type: _______________________

PURGE VOLUME

GROUNDWATER SAMPLING FORM

START TIME: ________   STOP TIME: ___________       TOTAL GALLONS REMOVED: __________

WELL PURGING

Screen interval feet (BTOC) from ______ to ______

□ 2-inch    □ 4-inch    □ 6-inch    □ Other _________
Casing Diameter (D in inches)

Pump rate: approximately _______ mL/minute

Page:                        of

Project Name:       Engineering & Environmental Services

PES Environmental, Inc. Date/Time:

Total Depth of Casing (TD in feet below top of casing): _____

□ Bottom     □ Top     □ Middle: __________

Depth in feet (BTOC): ________________

Notes:

Time Volume Bottle Type Preservative

Time Volume Bottle Type Preservative

Time Volume Bottle Type Preservative

Duplicate Sample No.

Analyses

WELL SAMPLING

Analyses

□ Bailer  □ Peristalic

AnalysesField Blank Sample No.

Sample No.

QUALITY CONTROL SAMPLES



PES ENVIRONMENTAL 

DAILY SAFETY MEETING CHECKLIST 

G:\_Production\Port of Seattle\CMP\App_C_fieldforms\SafetyMtg-fm.doc-02\mm:1 

Project Name:   Date:   

Project Number:   Presented by:    

Check the Topics/Information Reviewed: 

  Safety glasses, hard hat, safety boots  Slips, trips, and falls  Daily work scope 
 Site safety plan review and location  Directions to hospital  Emergency protocol 
 Equipment and machinery familiarization  Anticipated visitors  Parking and laydown 
 Employee right-to-know/MSDS location  Electrical ground fault  Hot work permits 
 Open pits, excavations, and site hazards  Public safety and fences  Strains and sprains 
 Vehicle safety and driving/road conditions  Excavator swing and loading  Noise hazards 
 Portable tool safety and awareness  Orderly site and housekeeping  No horseplay 
 Overhead utility locations and clearance  Smoking in designated areas  Heat and cold stress 
 First aid, safety, and PPE location  Leather gloves for protection  Backing up hazards 
 Sharp object, rebar, and scrap metal hazards  Effects of the night before  Accidents are costly 
 Safety is everyone’s responsibility  Vibration related injuries  Dust and vapor control 
 Latex gloves inner/nitrile gloves outer  Fire extinguisher locations  Refueling procedures 
 Excavation/trenching inspections/documentation  Eye wash station locations  Confined space entry 
 Full-face respirators with proper cartridges  Decontamination procedures  Flying debris hazards 
 Upgrade to level ___ at: PID(___eV)>___ppm   
 Work stoppage at: PID(___eV) >___ppm, %LEL>10%   
 
Discussion/Comments/Follow-up Actions:    
  
  
  

NAME  SIGNATURE  COMPANY 
     
     
     
     
     
     
     
     
     
     
 
Instructions: 

• Conduct a daily safety meeting prior to beginning each day’s site activities. 
• Complete form, obtain signatures, and file with the Daily Summary. 
• Follow up on any noted items and document resolution of any action items. 

 



Well Type:         Well ID: 

Well Material:                  □ PVC                         □ Stainless Steel        □ Other

 Screen interval feet (BTOC) from ______ to ______

Est.Target Development Volume: 3x Borehole [sat.screen only] + water added during drilling

FIELD PARAMETERS MEASUREMENT

Total Depth of Casing (ft. below TOC) (Post-DV): ___________ PUMP INTAKE SETTING

Water-Level Depth (feet below TOC): __________ □ Near Bottom     □ Near Top     □ Other: __________

 Depth in feet (BTOC): ________________

Casing Diameter (D in inches) □ Bailer - type: ______________________

□ 2-inch    □ 4-inch    □ 6-inch    □ Other _________ □ Submersible     □ Centrifugal      □ Bladder

Total Depth of Casing (ft. below TOC) (Pre-DV): ___________ □ Other - Type: _______________________

WELL DEVELOPMENT FORM Recorded By:

Sampled By:

WELL PURGING

PURGE VOLUME PURGING METHOD
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1.0 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) is being submitted as an appendix to the 
Compliance Monitoring Plan (CMP) for the Port of Seattle’s (Port) Terminal 91 Tank Farm 
Affected Area (TFAA) located in Seattle, Washington.  These documents have been developed 
pursuant to Agreed Order No. DE-8938 (AO) between the Port and the Washington State 
Department of Ecology (Ecology, 2012).  This QAPP has been modified by PES from the 
original, which was prepared by Kennedy/Jenks Consultants (KJC, 2010) as part of the previous 
2010 Groundwater Monitoring Plan (GMP).  The 2010 GMP and associated QAPP were 
approved by the Washington State Department of Ecology (Ecology) on October 14, 2010.  

This QAPP was prepared in accordance with guidelines presented in the U.S. Environmental 
Protection Agency’s (EPA) Guidance for Quality Assurance Project Plans (EPA 2002a).  The 
content of this QAPP is consistent with EPA Requirements for Quality Assurance Project Plans 
(EPA 2001), and the ten elements of QAPPs described in the Uniform Federal Policy for QA 
Project Plans (EPA, 2005) have been taken into consideration in preparation of this document.  

This QAPP is organized by the following four elements as specified in EPA 2002a and 2001:  

1. Project Management – Section 2 

2. Data Generation and Acquisition – Section 3 

3. Assessment and Oversight – Section 4 

4. Data Validation and Usability – Section 5 

2.0 PROJECT MANAGEMENT 

The project management section addresses the basic area of project management, including the 
project history and objectives, and the roles and responsibilities of the project personnel.  The 
first three sub-elements of project management (Title and Approval Sheet, Table of Contents, 
and Distribution List) are presented in the beginning of this QAPP.  The remaining elements 
under project management are discussed in this section. 

2.1 Project/Task Organization 

The organization of key personnel for the TFAA is shown on Figure 1.   
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Figure 1:  Organization of Key Personnel 
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Data Manager Analytical 

QA/Data Validation 
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2.2 Problem Definition and Background 

The purpose of this QAPP is to provide EPA and or Ecology-approved methods and procedures 
for conducting the tasks that are outlined in the CMP at the TFAA in accordance with Model 
Toxics Control Act (MTCA) and the 2012 Agreed Order No. DE-8938 (Ecology, 2012).  The 
overall QAPP objective for measurement data is to provide data of known and acceptable 
quality.   
 
Further details of the background and objectives of the project are provided in the CMP. 

2.3 Project/Task Description 

The tasks to be completed at the TFAA are specified in the CMP, including the rationale, 
sampling locations, sample types, and sample analytes.   

2.4 Quality Objectives and Criteria 

QA objectives are prescribed to provide reliability and accuracy of measurement data and apply 
to all aspects of sample handling, analysis, data management, and reporting.  This section 
discusses the quality objectives for the project and the performance criteria to achieve those 
objectives. 

2.4.1 Data Quality Objectives Process 

EPA’s data quality objectives (DQOs) process (EPA, 2000) was considered in developing the 
sampling program for the TFAA.  

2.4.2 Data Quality Indicators 

Performance criteria are expressed in terms of data quality indicators.  The principle indictors of 
data quality are precision, bias, accuracy, representativeness, comparability, completeness, and 
sensitivity.  These data quality indicators are discussed below.  

2.4.2.1 Precision 

Precision is an appraisal of the reproducibility of a set of measurements.  Precision can be better 
defined as the variability of a group of measurements compared to their average value.  
Variability for environmental monitoring programs contains both an analytical component and a 
field component.  

Analytical precision will be evaluated by the analyses of matrix spike duplicate and laboratory 
duplicate samples, which can be mathematically expressed as the relative percent difference 
(RPD) between duplicate sample analyses.  RPD is calculated using the following equation: 
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100  
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) D- (S 
 = RPD *









 

Where: 

RPD = Relative percent difference 
S = First sample value  
D = Second (duplicate) sample value 

Matrix spike duplicate and laboratory duplicate samples, where applicable, will be analyzed at a 
frequency of one per batch (which typically consists of up to 20 samples) for each sample matrix 
received.  Field duplicate samples will be submitted to the laboratory as a means to determine 
field variability.  

Precision quantities will be calculated for analyses with detection limits of the same order of 
magnitude and with detected concentrations greater than or equal to five times the detection 
limits.  In instances where no criteria have been established (e.g., field duplicates), RPD project 
goals are less than 35 percent for well-homogenized soil samples and less than 25 percent for 
water samples. 

2.4.2.2 Bias and Accuracy 

Bias is the systematic or persistent distortion of a measurement process that causes error in one 
direction.  Accuracy refers to how close a measurement is to the true value.  Bias and accuracy 
will be evaluated by the analysis of matrix spike samples and laboratory control sample and can 
be mathematically expressed as the percent recovery of an analyte that has been used to fortify a 
field sample at a known concentration prior to analysis.  The percent recovery (R) for a matrix 
spike sample is calculated as follows: 

100 * 
SA

) SR - (SSR
 = R  

Where:  

SSR = Spiked sample result 
SR = Sample result 
SA = Spike added 

The following calculation is used to determine percent recovery for a laboratory control sample 
or reference material: 

100 *  = 
RC

RM
R  

Where:  

RM = Reference material result 
RC = Known reference concentration  
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Field blank samples and method blank samples will also be used to evaluate bias of the data.  
Results for field and method blanks can reflect systematic bias that results from contamination of 
samples during collection or analysis.  Analytes detected in field or method blank samples will 
be evaluated as potential indicators of bias.  

2.4.2.3 Representativeness 

Representativeness concerns the degree to which sample data accurately and precisely represent 
a characteristic of a population, parameter variations at a sampling point, or an environmental 
condition.  Sampling locations were selected on both a systematic and biased sampling basis in 
an attempt to spatially cover the site and to obtain more data in areas where historical data and 
other information indicate the highest contaminant concentrations.  Sampling locations and 
methods for selection of those sampling locations are presented in Section 8 of the CMP. 

2.4.2.4 Comparability 

Comparability is a qualitative QA criterion that expresses the confidence in the ability to 
compare one data set with another.  Comparability among data sets is achieved through the use 
of similar sampling procedures and analytical methods.  Sampling procedures will be performed 
as referenced in the SAP.  Analytical procedures will be conducted according to guidelines 
contained in standard EPA methods as discussed in Section 3.4.  Standard operating guidelines 
(SOGs) for collecting samples and recording field measurements were developed in accordance 
with EPA-accepted methods. 

2.4.2.5 Completeness 

Completeness describes the percentage of measurements that meet QA acceptance criteria for the 
requested determinations.  Measurement of completeness (C) can be defined as the ratio of 
acceptable measurements obtained to the total number of planned measurements for an activity.  
Percent completeness is defined as: 

100*
M

 M = C
t

a  

Where: 

Ma = Number of acceptable data per target QC limits 
Mt  = Total number of data points. 

The goal for completeness is 100 percent, but lower levels of completeness may be considered 
acceptable. 

2.4.2.6 Sensitivity 

Sensitivity is the capability of a method or instrument to discriminate between measurement 
responses representing different levels of the variable of interest.  The method detection limit 
(MDL) is the defined as the statistically calculated minimum amount that can be measured with 
99 percent confidence that the reported value is greater than zero.  MDLs are specified in the 
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individual methods and are developed by the laboratory for each analyte of interest representing 
the aqueous and solid matrices within the capability of an analytical method.  The method 
reporting limit (MRL) is the lowest value to which the laboratory will report an unqualified 
quantitative result for an analyte.  The MRL is always greater than the statistically determined 
MDL.   

Analyte concentrations for this investigation will be reported to the MDL.  Analytes detected at 
concentrations between the MRL 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).  The MDL 
will be adjusted by the laboratory, as necessary, to reflect sample dilution or matrix 
interferences.   

2.5 Special Training/Certification 

Prior to conducting sampling activities, field personnel are responsible for reviewing the protocol 
and performing safety briefings. 

The Safety Officer is responsible for ensuring personnel receive the necessary safety training.  
Records of training are documented and are maintained with the Safety Officer and in the 
individual’s personnel file.   

Laboratory analyses will be performed by a Washington State accredited laboratory.  Laboratory 
activities will be performed by qualified personnel.  Each staff member must have the 
combination of experience and education needed to demonstrate the required knowledge for his 
or her position.  The laboratory training requirements will be presented in project laboratories’ 
quality assurance plans.  

2.6 Documentation and Records 

Records will be maintained documenting activities performed and data generated during the 
project.  As it is the Project Manager’s responsibility for ensuring project performance, the 
Project Manager will be responsible for maintaining these records with assistance from the Data 
Manager and the Laboratory Project Manager.  The Project Manager is also responsible for 
ensuring that the final CMP, QAPP, and the site Health and Safety Plan (HASP), and any 
revisions or amendments to any of these documents are provided to the project personnel listed 
on the distribution list at the beginning of this QAPP.   

Paper records will be placed in the project file and maintained throughout the duration of the 
project.   

Electronic files will be maintained by the project consultant.  Contents of the server will be 
backed up on a magnetic tape daily.   

The types of documents that will be generated during the project are discussed below. 
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2.6.1 Field Documentation 

Field logbooks and sampling forms (e.g., groundwater sampling forms) will be used to record 
data obtained during the various project tasks.  Other types of field records that will be generated 
and maintained include photographs, chain-of-custody forms, and sample receipt records.  The 
Field Sample Team Leader will be responsible for maintaining these forms.  Field data obtained 
from personnel other than the specified project consultant (e.g., survey data) will be forwarded to 
the Environmental Consultant Project Manager for incorporation into project databases and the 
project file.  

Field logbooks and/or field forms containing field measurements and notes will be manually 
entered into the project database.  Data will be checked for errors.  Field logbooks and/or field 
forms will then be archived in the Environmental Consultant project files. 

2.6.2 Laboratory Documentation 

Records related to sample analysis will be documented by the laboratory.  The project laboratory 
will be required to submit data that are supported by sufficient backup information and QA 
results to enable reviewers to determine the quality of the data.  The laboratory will be required 
to submit the data in both electronic format and hard copy.  The hard copy data packages from 
the project laboratory will include the following information, where applicable: 

 A case narrative discussing analytical procedures and any difficulties that were 
encountered; 

 Environmental sample results (including dates of extraction/preparation and analysis); 

 Method blank data results (e.g., reagent blanks); 

 Matrix spike/matrix spike duplicate results (including concentrations of spiking 
compounds, percent recoveries, and control limits); 

 Laboratory duplicate results, relative percent differences, and control limits; 

 Original sample chain-of-custody/analysis request forms; and 

 Laboratory data qualifier codes appended to analyte concentrations, as appropriate, and a 
summary of code definitions. 

The analytical laboratory will routinely archive raw laboratory data, including initial and 
continuing calibration data, chromatograms, and quantitation reports for at least 5 years. 

Electronic analytical data provided by the project laboratory will be submitted in Excel format 
and will be loaded into the project database.  Electronic data will be checked for errors before 
being incorporated into appropriate databases and verified against hard copy results. 

2.6.3 Other Project Records 

Other project records that will be generated during the sampling are discussed below. 

 QA Reports.  Upon completion of the data validation, QA reports will be prepared.  Any 
limitations with regards to the usability of the data will be discussed in these reports.  The 
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QA reports will be submitted to the Project Manager and included with the sampling 
report.  

 Audit Reports.  Findings of any audits conducted during the project will be documented 
in an audit report.  The audit report will describe any problems encountered and 
corrective actions taken.  System and performance audit reports will be used as necessary 
to document the review or audit of field sampling and laboratory operations. 

 Quarterly Project Status Reports.  These reports will be prepared by the Project Manager 
and submitted to the Port. 
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3.0 DATA GENERATION AND ACQUISITION 

This section discusses the aspects of data generation and acquisition to ensure that appropriate 
methods for sampling, measurement and analysis, data collection or generation, data handling, 
and QC activities are employed and are properly documented. 

3.1 Sampling Process Design 

The overall sampling strategy, including the sample media, sample type, sample locations, and 
number of samples to be collected, is presented in the CMP.  

3.2 Sampling Methods 

Sample collection, location, and field measurement procedures are described in the CMP.   

Sample analyses, matrices, method numbers, containers and sample size requirement, 
preservation methods, and holding times associated with the analyses to be performed will be 
confirmed with the project laboratory prior to the sampling event.  All sample containers will be 
provided by the analytical laboratory.  For those analyses requiring preservation, the laboratory 
will provide “pre-preserved” sample containers with the appropriate preservative.  

3.3 Sample Handling and Custody 

Samples will be placed in appropriate sample containers, properly preserved and stored, and 
traceable from the time of sample collection until sample data are received.  Written records 
(e.g., chain-of-custody and field sampling forms, logbooks) will exist for each sample throughout 
sample collection, transport, storage, and analytical activities.   

3.3.1 Sample Containers, Preservatives, and Holding Times 

Sample analyses, matrices, method numbers, containers, preservation methods, and holding 
times associated with the analyses to be performed will be confirmed with the project laboratory 
prior to the sampling event.   

3.3.2 Sample Custody 

The key aspect of documenting sample custody is recordkeeping.  Field logbooks and/or field 
forms will be maintained to document the collection of every sample.  At the time of sampling, 
the appropriate sample container will be selected, and the sample number for each sample will be 
recorded on the sample log form by the sampler.  Any QC samples collected at this time will also 
be noted in the field logbook and/or field forms.  

Sample labels will be filled out with waterproof ink at the time of sample collection.  Sample 
containers will be labeled with the following information:  

 Source;  

 Sample location or sample identification; 
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 Sample depth (if appropriate); 

 Analytes; 

 Preservative; and 

 Sampling date and time. 

The containers will be immediately placed in a cooler with ice for temporary sample storage 
during collection and transportation to the laboratory.  At the end of each day, and prior to the 
transfer of the samples off-site, chain-of-custody analysis request forms will be completed.  The 
chain-of-custody form will indicate the sample identification, sample type, date and time of 
collection, the specific analyses requested for that sample, and the signature of the sample 
collector.  When more than one form is needed, the forms will be sequentially numbered. 

Samples will be transmitted to the laboratory with the completed chain-of-custody analysis 
request forms.  Original chain-of-custody forms will remain with the sample during storage and 
analysis and will be forwarded with the data packages.  

3.3.3 Sample Identification 

The sample identification system that will be used to label samples collected during the project is 
described below.  

The sample identification will consist of the following components: 

 Sample location/well identification; 

 Sample date; and 

 Sample modifiers (as necessary). 

For example, a groundwater sample collected from monitoring well CP-104A-120113 denotes a 
sample collected in December 1, 2013; Sample numbers associated with field duplicates and 
field blanks will include a generic (distinct from any wells that are being sampled) number (e.g., 
D-100) and four digit date identification, as described above.   

QC samples will be identified using the same rationale as above but will be appended with a 
code applicable to the type of QC sample.  

3.3.4 Sample Packaging and Storage 

Prior to shipment, sample containers will be securely packed inside plastic coolers.  Each sample 
container will be wrapped with bubble wrap or Styrofoam packing and placed on absorbent pads 
or other suitable packing material that has been placed in the bottom of the cooler.  Ice will be 
placed in the cooler to keep samples cold.  Packing material will be added to fill the cooler 
completely and secure sample containers in an upright position.  

The original chain-of-custody analysis request form(s) will be enclosed in plastic and placed 
inside the cooler.  A custody seal will be adhered to one side of the cooler then placed over the 
lid and adhered to the other side so that the custody seal must be broken to open the cooler.  To 
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prevent damage to the seal during shipping, tape will be placed over the seal for protection.  Use 
of custody seals will help ensure that samples are not tampered with after collection.  

3.3.5 Laboratory Documentation System 

The sample custodian at the analytical laboratory will sign the chain-of-custody analysis request 
form upon receipt of the samples and note the condition of each sample received upon entry of 
all samples into the laboratory logbook.  The custody seals on coolers will also be inspected.  
Custody seals will not be required if the sampler transports sample to laboratory.  Any 
discrepancies will be reported to the project consultant. 

3.4 Analytical Methods 

Analytical methods and procedures outlined in EPA’s Test Methods for Evaluating Solid Waste 
(EPA 1986 as amended), Methods for Chemical Analysis of Water and Waste (EPA 1983),  
Standard Methods for the Examination of Water and Wastewater, 20th Edition [American Public 
Health Association (APHA), et al. 1999], and Analytical Methods for Petroleum Hydrocarbons 
[Washington State Department of Ecology (Ecology) 1997] will be implemented to provide 
consistent results of known and documented quality and to ensure that data are accurate, precise, 
comparable, and legally defensible.  

Groundwater samples will be analyzed for the following:  

 Volatile organic compounds (VOCs) (benzene, toluene, ethybenzene, xylenes [BTEX]) 
using EPA Method 8260B. 

 Total petroleum hydrocarbons (TPH) as gasoline-range hydrocarbons by Washington 
State Method Northwest Total Petroleum Hydrocarbons as Gasoline (NWTPH-Gx) 

 TPH as diesel-range and heavier oil-range hydrocarbons by Washington State Method 
Northwest Total Petroleum Hydrocarbons as Diesel and Oil Extended (NWTPH-Dx), 
using the acid and silica gel cleanup method. 

3.5 Quality Control 

QC check samples will be assessed for both field and laboratory operations to ensure overall 
precision/bias and accuracy throughout the project.  Field QC samples will include field 
duplicate and blank samples.  The frequency of field QC check samples is discussed below.  
Laboratory QC parameters, criteria, and frequency are specified in the analytical procedures 
referenced in Section 3.5.2.  Comparison of QC samples against established criteria is performed 
during the data validation process described in Section 5.   

3.5.1 Field Quality Control Samples 

3.5.1.1 Field Duplicate Samples 

Field duplicate samples are designed to monitor overall sampling and analytical precision.  One 
field duplicate sample will be collected for approximately every 20 project samples and analyzed 



PES Environmental, Inc. 
 

S94800704R_1744 - Appendix D 12 

for the parameters specified in Section 3.2.  Field duplicates will be treated as a separate sample 
from the originals (assigned unique sample number) and not identified to the laboratory as a 
duplicate sample.  

Field duplicate samples will be collected, preserved, labeled, and treated like any other sample.  
They will be sent “blind” (i.e., not identified as a duplicate) to the laboratory.  The field duplicate 
sample will be documented as such in the field logbook and/or field forms.  

3.5.1.2 Blank Samples 

At least one type of blank sample (equipment or trip) will be collected for each groundwater 
sampling event.  Because disposable (i.e., non-reusable) equipment will be used for collecting 
samples, a single equipment blank will be collected.  Trip blank samples will be submitted daily 
whenever a groundwater sample is being analyzed for VOCs.  Blank samples will be collected, 
preserved, labeled, and treated like any other sample.  The type of blank sample will be noted in 
the field logbook and/or field forms. 

 Equipment Blank Samples.  Equipment blank samples are collected to identify potential 
contamination from the sample collection equipment and to identify potential 
cross-contamination between sampling locations.  One equipment blank sample will be 
collected during each sampling event.  The equipment blank sample is collected by 
rinsing the sampling equipment with distilled or deionized water and placing the 
collected water in an appropriate container with preservative, as necessary.  Equipment 
blank samples will be analyzed for the same parameters as the environmental samples. 

 Trip Blank Samples.  Volatile organic samples are susceptible to contamination by 
diffusion of organic contaminants through the sample vials.  Therefore, trip blank 
samples will be submitted to monitor for possible sample contamination during shipment.  
Trip blank samples will be prepared by the analytical laboratory by filling volatile 
organic analyte (VOA) vials with organic-free water and shipping the blank samples with 
the clean sample containers.  Trip blank samples will accompany the sample containers 
through collection and shipment to the laboratory and will be stored with any collected 
samples at all times.  Trip blank samples will be submitted for VOC analysis on a daily 
basis whenever a water sample is being analyzed for VOCs. 

3.5.2 Internal Laboratory QC Evaluation Criteria 

Each EPA analytical method includes a description of QC procedures and QC requirements that 
must be adhered to.  Control limits and, in many cases, requirements for corrective action are 
described in the methods.  QC procedures will be completed by the laboratory as required in 
each method. 

The frequency of analysis for laboratory control samples, matrix spike samples, matrix spike 
duplicates or laboratory duplicates, and method blanks will be one for every 20 samples or one 
per batch, whichever is more frequent.  Surrogate spikes and internal standards will be added to 
samples as required by the method.  Performance-based criteria presented in the method will be 
used to establish the acceptability of the data or the need for reanalysis of the samples.  
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During data validation (see Section 5), analytical results will be evaluated against the quality 
objectives noted in the individual analytical methods.  

3.5.3 Sample Data Tracking System  

Sample data must pass a series of requirements to verify that proper chain-of-custody 
documentation procedures have been followed.  The Project Manager will verify that the 
following conditions have been met: 

 Samples collected are properly documented in field logbooks and/or field forms; 

 Chain-of-custody analysis request forms and field forms are complete and accurate; and 

 Correct number of blanks and duplicates were collected. 

3.6 Instrument/Equipment Testing, Inspection, and Maintenance 

Preventive maintenance of equipment is essential if project resources are to provide accurate 
results and are to be used cost-effectively.  Preventive maintenance will take two forms: 
(1) implementation of a schedule of preventive maintenance activities to minimize downtime and 
ensure accuracy of measurement systems; and (2) availability of critical spare parts and backup 
systems and equipment. 

Qualified operators will perform routine inspections and maintenance for field instruments in 
accordance with manufacturers’ recommendations.  Field equipment will be inspected prior to 
the start of sampling activities.  Maintenance activities, if performed, will be documented in the 
field logbook and/or field forms.  Company owned or rental sampling equipment will be used 
during the project.  As the type of field equipment that will be used for this project is standard 
(i.e., used frequently in environmental sampling), replacement parts are readily available.  The 
Field Sample Team Leader will be responsible for maintaining the field equipment. 

The laboratory’s QA Plan discusses preventive maintenance for the laboratory’s equipment and 
instruments.  Maintenance and inspection records are documented in laboratory logbooks. 

3.7 Instrument/Equipment Calibration and Frequency 

Field instruments will be operated, calibrated, and maintained by qualified personnel according 
to manufacturer’s guidelines and recommendations.  At a minimum, instruments will be 
calibrated before use each day or more frequently as necessary.  Calibration records will be 
recorded in the field logbook and/or field forms.  

Laboratory instruments will be calibrated and maintained in accordance with the requirements of 
EPA (EPA 1983; 1986), APHA (1999), and Ecology (1997) and normal operating standards 
associated with good laboratory practices.  Calibration procedures are also specified in the 
laboratory’s QA Plan.  Calibration records are documented in laboratory logbooks. 
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3.8 Inspection/Acceptance of Supplies and Consumables  

Typical supplies used for sampling such as calibration standards for field equipment, tubing for 
groundwater sampling, safety supplies, etc., are purchased in bulk prior to the start of sampling.  
The Field Sample Team Leader will be responsible for purchasing and inspecting these sampling 
supplies prior to the start of sampling activities. 

All sample containers will be provided by the analytical laboratory.  For those analyses requiring 
preservation, the laboratory will provide pre-preserved sample containers with the appropriate 
preservative as specified in the applicable analytical method.   

Materials/reagents of appropriate purity and quality and suitably cleaned laboratory equipment 
will be used in the laboratory analyses process.  Laboratory supplies will be obtained from 
reputable suppliers with appropriate documentation or certification, where warranted. 

3.9 Non-Direct Measurements 

Non-direct measurements are not anticipated to be collected at this time.  If non-direct 
measurements are obtained during field activities, they will be cited and the indicated purpose 
of the data provided. 

3.10 Data Management 

Both field and laboratory data will be collected during the project.  Data obtained during sample 
collection will be manually entered into field logbooks and/or field forms.  Data from these 
sources (such as sample location name and coordinates, water levels, and field parameters) will 
be manually entered into the project database or other appropriate program.  Entries of these data 
will be reviewed by a second individual.   

The laboratory will provide analytical data in both electronic and paper form.  Electronic data 
will meet the requirements of the Port Environmental Management Information System (EMIS) 
and will be downloaded into the project database for verification of format and content.  Any 
work product prepared from field activity and sampling data, such as reports, tables, figures, 
boring logs, etc., will be verified by another/second individual.  After data validation and 
addition of validation qualifiers, qualified analytical data will be provided to the Port in the 
EMIS format and submitted electronically into Ecology's EIM database. 

All paper generated records will be placed in the project file and maintained throughout the 
duration of the project.   
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4.0 ASSESSMENT AND OVERSIGHT 

This section discusses the activities that will be performed for assessing the effectiveness of the 
implementation of the project and associated QA/QC activities.  

4.1 Assessments and Response Actions 

The type and frequency of assessments that will be conducted during the sampling are described 
below.  Assessments of both field and laboratory operations will be conducted as discussed 
below. 

4.1.1 Field Operations 

A readiness review will be conducted prior to initiation of field sampling to ensure that all 
necessary preparations have been made for efficient and effective completion of the project field 
work.  The Project Manager will verify that all field equipment has been assembled for the field 
work and that all subcontractors have been scheduled.  Any deficiencies noted during this 
readiness review will be corrected prior to initiation of field activities. 

A readiness review will also be completed of the analytical data prior to the distribution of the 
final data to the project team members or others.  The Data Manager will verify that all results 
have been received from the laboratory and that data assessment and validation have been 
completed.  The Data Manager will notify the data users when the data are ready for use. 

4.1.2 Laboratory Operations 

4.1.2.1 Performance Evaluation Audits 

Performance evaluation audits are an independent means of establishing the quality of 
measurement data by analysis of samples provided specifically for the evaluation.  

During a performance evaluation audit, the performance of the laboratory technicians and the 
instrumentation or analytical systems on which they work are evaluated.  A performance 
evaluation audit is accomplished by providing performance evaluation samples containing 
specific pollutants (in appropriate matrices) whose identities and/or concentrations are unknown 
to the technician.  The laboratory participates in both internal and external performance testing to 
examine the overall laboratory performance, as well as to qualify for various federal, state, and 
independent certification programs.  Laboratories are required to perform at least two 
performance test studies each year per program using approved performance test samples to 
comply with National Environmental Laboratory Accreditation Program (NELAP) requirements. 

The laboratory will be responsible for implementing corrective action for analytical procedures.  
If QC data are unacceptable, the cause will be determined and corrected.  Corrective actions that 
affect the integrity of the project analytical data will require re-analysis of the affected sample or 
qualifying of these data in the final data report.  If corrective actions are warranted by the 
laboratory, the Laboratory Project Manager will document the corrective action(s) and forward 
this information to the Project Manager. 
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System and Technical Laboratory Audits 

System and technical audits are performed by the Laboratory QA Manager according to a 
predetermined schedule and when requested by laboratory management.  PES may conduct a 
laboratory audit at the request of the Project Manager should corrective actions be needed during 
the project.  This audit will be project-specific and will focus only on the performance of the 
laboratory for this project.  A laboratory audit report will be prepared and submitted to the 
Laboratory Project Manager and Project Manager.  

4.2 Reports to Management 

Results of any field and laboratory audits, corrective action reports, and performance evaluations 
will be placed in PES’ project file.  

The QA reports will be submitted with the sampling report(s).  Any deficiencies in the 
laboratory’s abilities to meet QC criteria will be included in the report(s). 
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5.0 DATA VALIDATION AND USABILITY 

This section discusses the QA activities that will occur after the data collection or generation 
phase of the project is completed.  Implementation of these actions ensures that the data conform 
to the specified criteria, therefore, achieving the project objectives. 

5.1 Data Review, Verification, and Validation 

Field and laboratory data generated during the project will be reviewed, verified, and validated.  
Field data entered into the database will be verified.  Errors identified during the verification of 
data will be corrected prior to release of the final data. 

The laboratory is responsible for verifying analytical results prior to the submittal of the data to 
the Data Manager.  Initially, all analytical data generated by the laboratory are verified by the 
laboratory.  During the analysis process, the analyst and the Laboratory QA Manager verify the 
results have met various performance-based control limits (e.g., surrogate recoveries and 
continuing calibration).  Non-conformance of various method QC requirements and control 
limits warrants the re-analysis and/or re-extraction of a sample.  

Once the laboratory has released the data, it will be reviewed by the PES Data Manager.  The 
Data Manager will review the data package to verify that all samples are accounted for.  The 
Data Manager will verify and validate the data based on the quality objectives specified in this 
QAPP and performance-based criteria specified in the analytical methods in accordance with 
EPA’s Contract Laboratory Program National Functional Guidelines for Organic and Inorganic 
Data Review (EPA, 1999; 2004).  If data do not meet required criteria, they will be qualified as 
specified under the action portion of each requirement of the functional guidelines.  

For analytical data where no validation guidelines exists (e.g., nitrate), the same objectives, 
criteria, validation procedures, and actions will be used.  

5.2 Verification and Validation Procedures 

During implementation of the project, the Field Sample Team Leader will be responsible 
for overseeing field measurements and data recording.  The laboratory will forward 
chain-of-custody forms to the Data Manager upon receipt of samples.  The Data Manager will 
review the chain-of-custody forms to verify correct sampling analyses are being performed and 
all samples specified are collected.  

In addition, data verification and validation will be conducted to assess the laboratory’s 
performance in meeting the qualify objectives identified in the QAPP (e.g., detection limits and 
control limits) and performance-based criteria specified in the analytical methods.  Data 
validation is a process in which data are reviewed and evaluated by supervisory personnel within 
the laboratory, and the Data Manager. 

The laboratory is responsible for ensuring that the analytical data are correct and complete, that 
appropriate procedures have been followed, and that QC results are within the acceptable limits.  
The Project Data Manager is responsible for ensuring that all analyses performed by the 
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laboratories are correct, properly documented, and complete, and that they satisfy the project 
DQOs specified in this QAPP. 

Data review and validation of the analytical chemistry data will be conducted by PES.  A 
minimum of 20 percent of the data, but no fewer than one sample delivery group, will undergo 
full (Stage 3 or 4) data validation using EPA’s Contract Laboratory Program National 
Functional Guidelines for Organic and Inorganic Data Review (EPA 1999; 2004). 

Two levels of data validation will be applied during this project:  Full (EPA Stage 3 or 4, 
depending on method type), and summary (EPA Stage 2B).  Stage 4 validation includes review 
of the data package for compliance with documentation and quality control criteria for all the 
following items, plus recalculations of instrument calibration curves, sample, and QC results.  
Stage 2B validation includes a review of all the following items, but without recalculation, 
transcription, or compound identification checks.  The QC elements that will be evaluated during 
data validation include: 

 Package completeness; 

 Verification of electronic data deliverable (EDD) against hardcopy (10 percent 
verification); 

 Holding times from extraction to analysis; 

 Blank results (method, field, instrument); 

 Spike recoveries; 

 Reference material recoveries (SRM®, CRM, and laboratory generated), if analyzed; 

 Laboratory duplicate results; 

 Reported detection limits; and 

 Compound identification (from raw data). 

At the onset of the project, packages will be chosen for full (Stage 3 or 4) validation.  As the 
project proceeds and the quality of the data is verified and documented, the level of validation 
will decrease.  At a minimum, all data packages will receive summary (Stage 2B) validation.  
Additional packages for full (Stage 3 or 4) validation will then be chosen based on sample or 
data priorities, potential quality issues, revised laboratory methods, or at the request of the 
agency or data users.  Over the course of the project, it is expected that a minimum of 20 percent 
of the packages will receive full (Stage 4) validation.   

Validation qualifiers and reason codes will be assigned to individual data points as a result of the 
validation.  These validation qualifiers will not replace laboratory flags or footnotes, but will be 
added to the EDD that is submitted to the Port for upload to the EMIS database.  Validation 
qualifiers inform the data user whether or not the data meet all project measurement quality 
objectives (MQOs).  Both laboratory flags and validation qualifiers will be maintained in the 
EMIS database.   

All discrepancies and requests for additional, corrected data will be discussed with the 
laboratories prior to issuing the final data validation report.  All contacts with the laboratories 
will be documented in communication records.   
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If data do not meet the project quality objectives and required criteria, they will be flagged with 
data qualifiers as specified under the action portion of each requirement of the functional 
guidelines (EPA, 1999; 2002b).  Upon completion of the data validation, a validation report will 
be prepared summarizing the findings and addressing whether the QC requirements for each 
analysis have been met.  Any limitations to the usability of the data will also be discussed in 
these reports.  These validation reports will be submitted to the Project Manager and included 
with the sampling report.  

5.3 Reconciliation with User Requirements 

Data quality assessment will be conducted by the Project Manager and Data Manager in 
consultation with EPA guidelines.  The results of the validation will be reviewed, and cases 
where the projects DQOs were not met will be identified.  The usability of the data will be 
determined in terms of the magnitude of the DQO exceedance, as well as the importance of the 
data with respect to other historical data sets. 

Data will be presented in the database with the appropriate data qualifier(s) and validation label 
that indicates the level of review.  The data users will consider the effect of any inaccuracy or 
imprecision of the qualified data in their evaluations of the data. 
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