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Abstract 

The Washington State Department of Ecology (Ecology) is participating in a multi-phase effort 
to inventory and quantify toxic chemical loads to Puget Sound.  One goal of this effort is to gain 
a better understanding of the relative significance of the various environmental pathways that 
deliver toxics to the Sound.  The analysis described in this Quality Assurance Project Plan is 
intended to develop quantitative, upper-bound estimates of the amount of toxic chemicals 
delivered to the Puget Sound marine boundary by direct groundwater discharge.  Estimates of 
annual toxic load will be developed using existing information; no field sampling will be 
conducted during this project. 
 
Each study conducted by Ecology must have an approved Quality Assurance Project Plan.  
The plan describes the objectives of the study and the procedures to be followed to achieve those 
objectives.  After completing the study, Ecology will post the final report of the study to the 
Internet. 
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Project Background  

In response to a state initiative to restore and protect Puget Sound, the Puget Sound Partnership 
and the Washington State Department of Ecology (Ecology) are leading a multi-phase effort to 
inventory and quantify toxic chemical loads to the Sound (Figure 1).  This effort will improve 
our understanding of the relative significance of the different pathways that deliver chemicals of 
concern to the marine environment (e.g., discharge from streams and rivers, direct air deposition, 
direct releases from municipal treatment plants).  Refining quantitative loading estimates for the 
various contributing pathways will guide decisions about how best to direct resources for 
controlling toxic loading within the basin. 

 

 
 

Figure 1.  Puget Sound Watershed. 
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In 2007, a consortium of partners published initial estimates of toxic chemical loads to the Sound 
for many of the major transport pathways (Hart Crowser et al., 2007).  This Phase 1 effort relied 
on readily accessible data to estimate chemical loading to Puget Sound.  The authors of the 
report acknowledged in their conclusions that there remained a number of significant gaps in 
determining an accurate toxics budget for the Sound.   
 
The 2007 Phase 1 report included a specific recommendation for the development of loading 
estimates for direct groundwater discharge to the marine shoreline of the Sound.  Although the 
authors acknowledged the potential for the groundwater pathway to contribute a significant 
toxicant load at the local scale, this pathway was not addressed due to a lack of available 
resources and data.  Indirect groundwater contributions of toxic chemicals to freshwater streams 
and rivers draining to the Sound were assumed to be reflected in the estimates presented for the 
surface runoff pathway (Hart Crowser et al., 2007). 
 
In light of the mobility characteristics of many of the chemicals of concern, and the assumed 
contaminant attenuation capacity of subsurface sediments, the transport of toxic chemicals to the 
Sound via direct groundwater discharge is likely to represent a comparatively minor component 
of the overall basin loading budget.  However, to date this assumption has not been confirmed by 
a formal technical analysis.  Failure to adequately account for all potential pathways of toxics 
loading to the Sound could hamper future efforts to manage and restore this critical resource. 
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Project Description 

The purpose of this project is to develop quantitative estimates of the annual toxic chemical load 
delivered to the Puget Sound marine boundary

1 by direct advective groundwater transport.  This 
analysis will be performed for a specific list of toxic chemicals of concern (COCs) previously 
identified by the Phase 1 project team (Hart Crowser et al., 2007).  If successful, this project will: 
 

 Estimate the probable upper limit of annual toxic chemical loading to Puget Sound via direct 
discharge of groundwater. 

 Improve our understanding of the relative contribution of the direct groundwater discharge 
pathway in comparison to other toxic loading pathway estimates. 

 Provide data to support refinements to Ecology‟s Puget Sound Toxics Box Model  
(Pelletier and Mohamedali, 2009). 

  
The limited time and budget available for this project dictate that this analysis will rely on 
existing information; no new field monitoring data or measurements will be collected during the 
course of this exercise.  Because of (1) the complexity and geographic scope of the problem,  
(2) the limitations and biases inherent in the readily available data sets, and (3) the significant 
potential for the attenuation of dissolved-phase COC concentrations between the point of 
measurement and the marine shoreline, the primary focus of this analysis will be to develop 
reasonably defensible upper-bound estimates of the direct groundwater discharge contribution to 
the overall Puget Sound toxics budget.  If the upper-bound loading values suggest the direct 
advective groundwater transport pathway may contribute a significant proportion of the overall 
toxic load to the Sound (or to a sub-basin of the Sound), additional investigation may be 
recommended. 
 
The following technical objectives will be undertaken in support of the project goals described 
above: 
 

 Assemble and evaluate information regarding direct groundwater volume discharge rates to 
the Sound from previously published research. 

 Assemble, screen, and evaluate readily available near-shore groundwater toxics 
concentration data.  For areas where data on groundwater toxics concentrations are limited, 
concentration assumptions may be extrapolated from adjacent areas, or drawn from scientific 
literature. 

 Integrate volumetric flow rate and water quality concentration data to develop estimates of 
annual mass loading rates for the COCs listed in Table 1.  If adequate data are available, 
loading estimates will be calculated for each of the 14 sub-basins designated for the loading 
analysis (Figure 2). 

 Discuss sources of uncertainty and bias in the groundwater loading estimates. 
  

                                                 
1 For this groundwater-focused evaluation, the marine boundary of Puget Sound is defined as a vertical surface 
extending downward from the marine shoreline.  The analysis will predict the annual groundwater-borne mass flux 
delivered to this vertical boundary, but not beyond. 
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Table 1.  Loading Analysis Chemicals of Concern (COCs). 

Chemicals of Concern 
Metals 
Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Zinc 
Petroleum Hydrocarbons 
Diesel Range Organics (DRO) 
Gasoline Range Organics (GRO) 
Lube Oil 
Oil and Grease (both petroleum and non-petroleum) 
Low molecular weight polyaromatic hydrocarbons (LPAH) 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
Naphthalene 
Phenanthrene 
High molecular weight polyaromatic hydrocarbons (HPAH) 
Benz(a)anthracene (BaA) 
Benzo[a]pyrene (BaP) 
Benzo(b)fluoranthene (BbF) 
Benzo[g,h,i]perylene (BghiP) 
Benzo[k]fluoranthene (BkF) 
Chrysene 
Dibenzo[a,h]anthracene (DbahA) 
Fluoranthene 
Indeno[1,2,3-c,d]pyrene (IdP) 
Pyrene 
DDT and derivative/metabolites 
2,4-DDD 
2,4-DDE 
2,4-DDT 
4,4-DDD 
4,4-DDE 
4,4-DDT 
Polychlorinated Dioxins/Furans 
Polychlorinated biphenyls (PCBs) 
Polybrominated diphenyl ethers (PBDEs) 
Triclopyr 
Bis(2-ethylhexyl)phthalate (DEHP) 
Nonylphenol 
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Figure 2.  Puget Sound Sub-basin Map. 
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Organization and Schedule 

The following people are involved in this project.  All are employees of the Washington State 
Department of Ecology. 
 

Table 2.  Organization of Project Staff and Responsibilities. 

Staff Title  Responsibilities 

Dave Serdar 
TSU-SCS-EAP 
Phone: 360-407-7384  

EAP Client Clarifies scope of the project.  Provides internal 
review of the QAPP and approves the final QAPP. 

Charles F. Pitz 
GFFU-SCS-EAP 
Phone:  360-407-6775 

Project Manager/ 
Principal Investigator 

Writes the QAPP.  Assembles, analyzes, and 
interprets data.  Writes the draft report and final 
report. 

Martha Maggi 
GFFU-SCS-EAP 
Phone:  360-407-6453 

Unit Supervisor for 
the Project Manager 

Provides internal review of the QAPP, approves 
the budget, and approves the final QAPP. 

Will Kendra 
SCS-EAP 
Phone:  360-407-6698 

Section Manager for 
the Project Manager 

Reviews the project scope and budget, tracks 
progress, reviews the draft QAPP, and approves the 
final QAPP. 

Robert F. Cusimano 
WOS-EAP 
Phone:  360-407-6596 

Section Manager for 
the Study Area 

Reviews the project scope and budget, tracks 
progress, reviews the draft QAPP, and approves the 
final QAPP. 

William R. Kammin  
EAP 
Phone:  360-407-6964 

Ecology Quality 
Assurance Officer 

Reviews the draft QAPP and approves the final 
QAPP. 

Mindy Roberts 
MISU-SCS-EAP 
Phone: 360-407-6804 

Technical Advisor Provides technical guidance to support analysis. 

Greg Pelletier 
MISU-SCS-EAP 
Phone: 360-407-6485 

Technical Advisor Provides technical guidance to support analysis. 

Dale Norton 
TSU-SCS-EAP 
Phone: 360-407-6765 

Technical Advisor Provides technical guidance to support analysis. 

TSU: Toxics Studies Unit 
SCS: Statewide Coordination Section 
EAP:  Environmental Assessment Program. 
GFFU: Groundwater, Forests and Fish Unit 
WOS: Western Operations Section 
MISU: Modeling and Information Support Unit 
QAPP:  Quality Assurance Project Plan. 
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Table 3.  Proposed Project Schedule. 

Final report  

Author lead Charles F. Pitz 
Schedule 

Draft due to supervisor December 1, 2010 
Draft due to client/peer reviewer December 15, 2010 
Draft due to external reviewer(s) December 31, 2010 
Final (all reviews done) due  
to publications coordinator  January 31, 2011 

Final report due on web February 28, 2011 
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Analysis Methods 

The annual toxic load delivered by direct groundwater discharge to the Puget Sound marine 
boundary will be calculated for each sub-basin for each COC by integrating estimates of the 
volumetric rate of subsurface discharge from that sub-basin with water quality concentration 
data, by solving a form of Equation 1: 
 

ெܨ ൌ ொವವכ஼಴ೀ಴

ଵாାଽ
  Eq. 1 

 

where: 
 

FM = the estimated total annual mass flux of the COC delivered to the sub-basin marine 
boundary (kg/year). 
ܳ஽஽= the estimated direct volumetric groundwater discharge rate to the sub-basin marine 
boundary (L/year). 
 ஼ை஼ = the estimated dissolved concentration of the COC in groundwater in the vicinity of theܥ
sub-basin shoreline (ug/L). 
 

where: 
 

kg = kilograms 
ug = micrograms 
L = liters 
 
The proposed methods for deriving the QDD and CCOC terms in Equation 1 are discussed below. 
 

Volumetric Groundwater Discharge 
 
Estimates of the rate of direct volumetric groundwater discharge to the marine boundary of  
Puget Sound will be drawn from a U.S. Geological Survey (USGS) Regional Aquifer System 
Analysis (RASA) study performed in the 1990s (Vaccaro et al., 1998).   
 
The USGS RASA study of the Puget Sound Lowland regional aquifer system presented a  
large-scale description of the hydrogeologic framework for the Quaternary-age alluvial, glacial, 
and interglacial sediments deposited across approximately 18,900 km2 (7,300 mi2) of western 
Washington (Figure 3).  The lateral and lower boundaries of the Puget Sound aquifer system are 
defined by pre-Quaternary age, low transmissivity bedrock units.  With the exception of the 
northwestern shoreline of the Olympic Peninsula, and a small portion of southern British 
Columbia, the extent of the RASA study area is closely coincident with the surface runoff 
boundaries and marine shoreline of the Puget Sound basin (Figures 1 and 3).  
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Figure 3.  USGS RASA Study Area. 
 

During their study, Vaccaro and coauthors characterized groundwater occurrence and flow, and 
developed a regional-scale water budget for the Puget Sound aquifer system.  The water budget 
included estimates of groundwater discharge to seeps and springs, baseflow discharge to 
freshwater streams, and discharge to saltwater.  Although a large percentage of groundwater flow 
was judged to discharge to rivers and streams prior to reaching the marine shoreline, Vaccaro 
and his coauthors estimated that between 2.832x103 to 2.832x104 L/sec (100 to 1000 ft3/sec) of 
groundwater directly discharges to saltwater from the aquifer system2.   
 
The regional scale of the Puget Sound RASA study precluded specific estimates of direct 
discharge at any given point along the marine shoreline.  For this loading analysis, the following 
two-step method will be used to apportion the RASA direct discharge estimates: 
 

 Using GIS tools, define a 1500-meter-wide (~0.9 mi) recharge zone inland of the Puget 
Sound shoreline for each sub-basin. 

                                                 
2 There are an estimated 3621 km (2,250 mi) of marine shoreline within the RASA study area 
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 Using the USGS Puget Sound RASA annual groundwater recharge rate spatial data  
(USGS, 1998), solve for Equation 2: 

 

ܳ஽஽ ൌ  ܳ஽஽ ோ஺ௌ஺ כ ோೄಳ ೃೋ

ோೃಲೄಲ  ೃೋ
  Eq.2 

where:  
 

QDD = the estimated direct volumetric groundwater discharge rate to a sub-basin marine 
boundary (L/sec). 
QDD RASA = the estimated direct volumetric groundwater discharge rate to saltwater for the entire 
RASA study area (L/sec)(lower bound = 2.832x103 L/sec; upper bound = 2.832x104 L/sec). 
RSB RZ = the estimated average annual volume of recharge entering the sub-basin near-shore 
recharge zone (L/year). 
RRASA RZ = the estimated average annual volume of recharge entering the near-shore recharge 
zone for the entire RASA study area (L/year). 
 
This method assumes that the proportional rate of recharge in the near vicinity of the Puget 
Sound shoreline is an indicator of the local hydrogeologic and climatic setting, and is therefore 
an approximate surrogate for the proportional rate of direct discharge likely to occur along each 
sub-basin shoreline.  The method also assumes that the total annual rate of direct discharge has 
not changed significantly since the RASA estimates were developed in the 1990’s (due to 
changes in land cover, climatic condition, or recharge rate).  
 
No direct groundwater discharge will be estimated for the northwestern shoreline of the Olympic 
Peninsula that lies west of the RASA study area boundary (Figure 3).  Low transmissivity 
bedrock units occur at or near the land surface throughout most of this area, therefore the amount 
of groundwater flow and discharge to the marine shoreline from this area is assumed to be 
negligible. 
 

Chemical Data 
 
Data Sources 
 
Groundwater quality concentration data for the COCs listed in Table 1 will be drawn primarily 
from two publicly available, regional-scale data sources: (1) Ecology’s Environmental 
Information Management (EIM) system, and (2) USGS’s National Water Information System 
(NWIS).  Locally-administered groundwater databases (e.g. King County Groundwater 
Database) will also be queried where readily available.  The data sets queried from these systems 
will be processed and analyzed using standard database, spreadsheet, and GIS software programs 
(e.g., Microsoft Access 2007, Microsoft Excel 2007, ESRI ArcMap 9.2). 
 
Data Screening 
 
When compiling groundwater data for the loading analysis, the following data screening steps 
and assumptions will be employed: 
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 All groundwater concentrations will be normalized to a common concentration unit. 

 Samples that are qualified specifically due to blank contamination will be omitted. 

 The concentration value reported for all results qualified as estimates (e.g. “J” qualified) will 
be used without modification. 

 To better reflect in situ aquifer conditions, monitoring samples that are qualified as collected 
after treatment or mixing will be omitted.  In many cases, the point of collection for a sample 
is not designated; in these cases the sample will be assumed to reflect in situ subsurface 
conditions. 

 To better reflect current conditions, sample results older than 1990 will be omitted from the 
loading analysis.  In cases where there are multiple groundwater sample results at a unique 
monitoring station, the most recent sample result will be used for the loading analysis. 

 To better reflect the mobile chemical fraction in the subsurface, unfiltered samples will be 
omitted from the loading analysis, unless insufficient data are available to develop 
representative statistics.  In many cases, the level of filtration of a groundwater sample is not 
designated; in these cases the sample will be assumed to represent a dissolved-phase 
condition. 

 To better reflect conditions that represent the quality of groundwater in the near vicinity of 
the marine shoreline, the available data sets will be screened using GIS tools to identify 
results only collected within a buffer zone extending 500 meters (1640 feet) inland of the 
shoreline (regardless of well depth).  On the basis of the subsurface mobility characteristics 
of the Table 1 chemicals of concern, it is assumed that many of the contaminants are not 
likely to be transported over distances >500 meters before subsurface attenuation effects  
(e.g. sorption, biodegradation, dispersion) largely reduce the dissolved phase concentrations 
below detectable levels (Spitz and Moreno, 1996; Kresic, 2007; U.S. EPA, 1989). 

 
Statistical Analysis 
 
Key descriptive percentile statistics (10th percentile, 25th percentile, median) will be generated 
for each COC in Table 1, for each sub-basin.  No data transformation will be conducted prior to 
calculation of the percentile statistics.  Percentile statistics will not be calculated in cases where 
there are <5 data values available for a parameter, for a sub-basin.  Rules for extrapolating COC 
concentrations to areas with insufficient data are presented later in this QAPP. 

 
Non-Detect Substitution Rules 

 
A preliminary inventory of the water quality data available in the chosen databases indicates a 
significant percentage (50-100%) of the COC results are non-detects.  The high proportion of 
non-detects is probably the result of several factors: 

 Many of the COCs do not occur naturally in the groundwater environment, 

 Many of the COCs exhibit a strong tendency to remain associated with the solid phase  
(due to low solubility, high sorption coefficients, high reactivity), limiting dissolved 
(aqueous) phase concentrations and transport away from source areas, 
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 Detection limits for older samples may have been higher than the COC concentrations 
routinely occurring in the environment. 

 
Since the data sets being used for this loading analysis include monitoring results from a wide 
variety of projects, data originators, and time periods, individual reporting limit (RL) 
concentrations within any given subset of data can range over 3 to 4 orders of magnitude.   
 
Because they do not represent a quantified concentration, non-detect results cannot be directly 
used for developing concentration statistics.  A number of possible statistical substitution 
methods for non-detects have been suggested for this problem (e.g., U.S. EPA, 2009).  Each of 
these substitution methods can introduce bias into the results, especially when the proportion of 
non-detects is significantly greater than 50%.  The loading estimates developed using Equation 1 
can be highly sensitive to the substitution assumptions for non-detects, potentially predicting 
mass flux values far above what actually occurs in the environment. 
 
To address this problem for the loading analysis, three different non-detect substitution rules will 
be tested to evaluate the influence of substitution on the loading analysis results [similar to 
techniques described by Pelletier and Mohamedali, (2009)].  The three methods include: 
 

 Method 1 - A concentration of 0.5RL will be substituted for all non-detect results in a data 
set, regardless of the RL concentration. 

 Method 2 - A concentration equal to the lowest RL within a given data set will be substituted 
for all non-detect results in that data set. 

 Method 3 - All non-detect results will be omitted from further analysis.  
 
Cumulative frequency distribution analyses will be used to evaluate the effect of the substitution 
methods on the data distribution, to guide selection of the rules used for final calculation of load.  
All loading estimates calculated using >50% non-detect substitutions will be flagged. 
 
Data Set Bias 
 
Washington State does not operate an ambient or randomized groundwater quality monitoring 
program that would support the development of broad regional estimates of COC groundwater 
concentrations entering Puget Sound.  In the absence of a reliable regional-scale ambient data 
set, it is important to recognize inherent biases in the chemical data that are available.  Without 
adjustment these biases could significantly distort the results of the loading analysis. 
 
Queries of the selected data systems indicate that a significant majority of the data that will 
qualify for the loading analysis will be drawn from the Ecology EIM system.  Because of the 
regulatory focus of Ecology as an agency [for example, implementing monitoring studies in 
support of the Model Toxics Control Act (MTCA) or state Dangerous Waste regulations], the 
groundwater toxic results in the EIM database are assumed to be strongly biased towards (and 
spatially clustered around) industrial or commercial land uses, sites, or facilities that are known 
or suspected to have point-source-related toxic contamination.  Without modification, 
concentration statistics developed from data sets built primarily with EIM data would likely bias 
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the loading calculations high, since these values would mostly represent a comparatively small, 
„impacted‟ portion of the land adjacent to the marine shoreline.3  
 
A small set of COC data results are available within the buffer zone from the USGS NWIS 
database.  Although the USGS serves as a technical consultant for the U.S. EPA on studies of 
contaminated federal facilities (e.g., military installations under investigation through the 
Superfund or Comprehensive Environmental Response, Compensation, and Liability Act 

 program), most of the buffer zone COC data values present in the NWIS database represent 
ambient groundwater conditions away from known contaminant sources (e.g., Kahle and Olsen, 
1995; Thomas et al., 1997; Greene, 1997; Drost et al., 1998).   
 
County-administered groundwater monitoring databases generally contain data that represent 
larger-scale ambient or nonpoint conditions; in most cases known locations of point source 
contamination are deliberately avoided during sampling for ambient monitoring programs.  With 
the exception of inorganics, however, locally-operated monitoring programs infrequently test for 
the COCs.  This is typically due to the high cost of analysis for many of these parameters versus 
the low likelihood of detection (due to the generally hydrophobic character of the organic 
contaminants).  These factors, and the relatively limited number of locally-administered 
groundwater quality monitoring programs in the Puget Sound area, limit the size of the data sets 
available from these sources. 
 
Chemical Concentration Assumptions 
 
Table 4 summarizes the data bias assumptions for the different chemical data sources that will be 
used during the loading analysis. 
 

Table 4.  Chemical Data Bias Assumptions. 

EIM Data NWIS Data Local (County) Data 
Inorganic  

COCs 
Organic  
COCs 

Inorganic 
COCs 

Organic  
COCs 

Inorganic 
COCs 

Organic  
COCs 

Assume all data values 
represent impacted 

conditions 

Assume all data values 
represent  ambient 

conditions 

Assume all data values 
represent  ambient 

conditions 

 
Equation 1 requires that a COC concentration be assigned to represent the bulk dissolved-phase 
condition for each toxic parameter for the groundwater discharging from the sub-basin.  
Assigning a single concentration value to a sub-basin‟s discharge, however, may not adequately 
represent variations in conditions between contaminated and ambient areas, or beneath different 
land uses.   
 

                                                 
3 The large number of the data values involved, the limited project schedule, and the limited metadata associated 
with the monitoring results preclude an effort to specifically identify, select out, and statistically evaluate only  
“up-gradient” or “background” wells at contaminated facilities.  It should also be noted that even within the EIM 
data sets, non-detects represent a large proportion of the available results. 
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To adjust for the bias introduced by the large percentage of potentially impacted data results, and 
to better reflect ambient conditions away from point sources of toxic contamination, GIS 
mapping tools will be used to categorize each sub-basin shoreline into three major classes:  
(1) impacted, (2) urban-ambient, and (3) non-urban ambient.   
 
Using the criteria outlined in Table 4, the approximate proportion of the marine shoreline in each 
sub-basin that is hydraulically downgradient of impacted buffer zone areas will be determined 
(assuming groundwater flow is perpendicular to the shoreline in near-shore areas).  (See Figure 
4).   
 

 
 

Figure 4.  Method for Assigning CCOC Concentrations for Loading Calculations. 

 
To reflect the assumption that ambient COC conditions are likely to be different beneath 
urbanized versus non-urbanized areas, the sub-basin shoreline will be further subdivided into 
ambient-urban and ambient non-urban sections, using the consolidated U.S. Census Bureau land 
cover spatial data shown on Figure 5.  A statistically representative CCOC concentration for each 
of the three sub-basin shoreline classes will then be integrated into Equation 1 as described 
below.   
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Figure 5.  Urban/Non-Urban Land Cover – Puget Sound Basin. 

 
 
Sub-basin Mass Flux Estimation Methods 
 
The annual COC mass flux delivered to the three different classes of a sub-basin shoreline will 
be integrated by modifying Equation 1 to Equation 3 (see also Figure 4 and Table 5): 
 

ெܨ ൌ  
൤൬ொವವכ

ೄಽ಺ಾು
ೄಽ೅ೀ೅

൰כ஼಺ಾು൨ା൤൬ொವವכ 
ೄಽೆಲ

ೄಽ೅ೀ೅
൰כ஼ೆಲ൨ା൤൬ொವವכ 

ೄಽಿೆಲ
ೄಽ೅ೀ೅

൰כ஼ಿೆಲ൨

ଵாାଽ
   Eq. 3 

 
where: 
 

FM = the estimated total annual mass flux of the COC delivered to the sub-basin marine boundary 
(kg/year). 
QDD = the estimated direct volumetric groundwater discharge rate to the sub-basin marine 
boundary (L/sec). 
SLIMP = the total length of sub-basin shoreline classified as impacted (meters). 
SLUA = the total length of sub-basin shoreline classified as urban-ambient (meters). 
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SLNUA = the total length of sub-basin shoreline classified as non-urban-ambient (meters), 
SLTOT = the total length of sub-basin shoreline (meters). 
CIMP = the estimated COC concentration for sub-basin impacted areas (ug/L) (see Table 5). 
CUA = the estimated COC concentration for sub-basin urban-ambient areas (ug/L) (see Table 5). 
CNUA = the estimated COC concentration for sub-basin non-urban-ambient areas (ug/L) (see 
Table 5). 
 
Table 5.  COC Concentration Assumption Rules. 

CIMP CUA CNUA 

If sub-basin 
impacted 

sample set 
 n ≥ 5 

If sub-basin 
impacted 

sample set 
 n < 5 

If sub-basin 
urban ambient 

sample set 
  n ≥ 5 

If sub-basin 
urban ambient 

sample set 
 n < 5 

If sub-basin 
non-urban 

ambient 
sample set 

  n ≥ 5 

If sub-basin  
non-urban ambient 

sample set 
 n < 5 

Median (50th 
percentile) of 
pooled sub-
basin buffer 

zone impacted 

sample 
concentrations 

CIMP = 0 

Median (50th 
percentile) of 
pooled sub-
basin buffer 
zone urban 

ambient 

sample 
concentrations 

Median (50th 
percentile) of 
pooled Puget 
Sound-wide 

buffer zone urban 

ambient  sample 
concentrations, if 

sample set 
n ≥ 15 

Median (50th 
percentile) of 
pooled sub-
basin buffer 
zone non-

urban ambient 

sample 
concentrations 

Median (50th 
percentile) of 
pooled Puget 

Sound-wide buffer 
zone non-urban 

ambient sample 
concentrations, if 

sample set 
n ≥ 15 

 

Otherwise 

 

Otherwise 

25th percentile of 
pooled Puget 
Sound-wide 
buffer zone 

impacted sample 
concentrations, if 

sample set  
n ≥ 10* 

10th percentile of 
pooled Puget 

Sound-wide buffer 
zone impacted 

sample 
concentrations, if 

sample set  
n ≥ 10* 

*If the pooled Puget Sound-wide buffer zone impacted sample set n <10, no load will be calculated. 

 
The QDD value in Equation 3 will be varied between the lower (2.832x103 L/sec) and upper 
(2.832x104 L/sec) bound RASA marine discharge estimates to bracket the loading range.   
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Study Design Limitations 

The loading analysis described in this QAPP relies on a number of simplifying assumptions 
which can introduce uncertainty or bias into the final mass flux estimates.  Some of the 
limitations of the study design described in this plan are listed here: 

 The analysis does not address or estimate any dissolved COC concentration attenuation that 
may occur between the point of measurement and the marine boundary.  

 The analysis does not address or estimate the dissolved phase groundwater toxic load that 
actually discharges to the marine water column of Puget Sound.  Significant reductions in 
contaminant concentrations and mass flux due to tidal mixing and biogeochemical processing 
may occur along the groundwater flow path between the marine boundary and the actual 
point of discharge (which may be many meters offshore of the shoreline). 

 The assumptions regarding the areal distribution and volume of discharge may be invalid. 

 Impacted sample locations may have been remediated since measurement. 

 The generalizing assumptions about data bias might be invalid.  EIM samples considered 
representative of impacted conditions may actually represent background conditions in the 
near vicinity of a contaminated site (most likely urban-ambient), and other samples assumed 
to represent ambient conditions may in fact have been collected in the vicinity of a 
contaminant source. 

 The metadata that would allow more precise screening of the data sets are rarely recorded.  
For example, samples that are assumed to represent dissolved phase conditions may actually 
be biased by the presence of entrained particulates that contain sorbed COCs that would 
otherwise be immobile in the subsurface.   

 The assumption that all samples represent in-situ conditions may be invalid (for example 
concentrations of redox sensitive species may have been biased by sample handling 
procedures). 

 
Project Deliverables 

A technical report will be prepared on completion of the loading analysis.  The report will 
document: 

 Description and objectives of the project. 
 The types and sources of data used for the analysis. 
 The analysis methods and assumptions. 
 Estimates of the annual COC mass loading range for each of the 14 sub-basins. 
 Data limitations and sources of uncertainty in the loading estimates. 

 
Following internal review by the EAP project team, a draft of the final report will be presented 
for external review and comment.  A final report will be published after all external review 
comments have been addressed. 
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Appendix.  Glossary, Acronyms, and Abbreviations 

 

Glossary 
 

Ambient:  Background or away from point sources of contamination. 

Nonpoint source:  Pollution that enters any waters of the state from any dispersed land-based or 
water-based activities.  This includes, but is not limited to, atmospheric deposition, surface-water 
runoff from agricultural lands, urban areas, or forest lands, subsurface or underground sources, 
or discharges from boats or marine vessels not otherwise regulated under the NPDES program.  
Generally, any unconfined and diffuse source of contamination.  Legally, any source of water 
pollution that does not meet the legal definition of “point source” in section 502(14) of the  
Clean Water Act. 

Parameter:  A physical chemical or biological property whose values determine environmental 
characteristics or behavior.   

Point source:  Sources of pollution that discharge at a specific location from pipes, outfalls, and 
conveyance channels to a surface water.  Examples of point source discharges include municipal 
wastewater treatment plants, municipal stormwater systems, industrial waste treatment facilities, 
and construction sites that clear more than 5 acres of land. 

Reporting limit (RL): the lowest concentration at which an analyte can be detected in a sample 
and its concentration can be reported with a reasonable degree of accuracy and precision. 

Watershed:  A drainage area or basin in which all land and water areas drain or flow toward a 
central collector such as a stream, river, or lake at a lower elevation. 

10th percentile:  A statistical number obtained from a distribution of a data set, above which 
90% of the data exists and below which 10% of the data exists.  

25th percentile:  A statistical number obtained from a distribution of a data set, above which 
75% of the data exists, and below which 25% of the data exists. 

Median (50th percentile):  A statistical number representing the middle value of a given set of 
ranked values. 
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Acronyms and Abbreviations 
 
Following are acronyms and abbreviations used frequently in this report. 
 
COCs  chemicals of concern 
e.g.  For example 
Ecology   Washington State Department of Ecology 
EIM  Environmental Information Management database 
et al.  And others 
GIS  Geographic Information System  
i.e.  In other words 
RL  Reporting limit 
U.S. EPA U.S. Environmental Protection Agency 
USGS  U.S. Geological Survey 
 
Units of Measurement 
 

ft  feet 
kg  kilograms, a unit of mass equal to 1,000 grams. 
kg/year  kilograms per year 
km  kilometer, a unit of length equal to 1,000 meters. 
l/s   liters per second (0.03531 cubic foot per second) 
m   meter 
ug/L   micrograms per liter (parts per billion) 
 
 
 
 
 

 
 


