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Preliminary Water and Sediment Quality Impact Analysis 

Introduction 

One of the responsibilities of the Washington State Department of Transportation (WSDOT) is 
to maintain and preserve steel bridges and marine transfer spans.  Associated activities include 
periodically washing these structures for routine maintenance purposes and preparing the bridges 
and spans for painting.  Effluent from bridge and transfer span maintenance activities contains 
pollutants such as suspended solids, metals from paint particles, and bacteria from bird feces.  To 
ensure compliance with applicable environmental codes relative to bridge washing and painting 
activities, the Washington Department of Ecology (Ecology) and WSDOT have developed an 
Implementing Agreement (IA) specifying pollution prevention and reduction measures and 
procedures.  At present, the IA requirements are being reviewed and updated by Ecology and 
WSDOT to promote more efficient project management, increase environmental clarity, and 
streamline permitting efforts.  It is anticipated that future effluent discharges from WSDOT’s 
bridge washing activities will be managed through a National Pollutant Source Discharge 
Elimination System (NPDES) permit or administrative order issued by Ecology.  

To support decision making processes related to the above activities, Herrera Environmental 
Consultants, Inc. (Herrera) recently completed an engineering feasibility study (Herrera 2003) 
that evaluated potential measures to protect water quality during bridge and marine span washing 
activities.  More specifically, this analysis identified a preferred treatment alternative out of a 
range of potential options that meets the definition of AKART (all known, available, and 
reasonable technology) as described in WAC 173-201A.  In order to be defined as AKART, a 
treatment option must represent the most current methodology that can be reasonably required 
for preventing, controlling, or abating the pollutants associated with a discharge.   

Results of the AKART engineering feasibility study (Herrera 2003) determined that AKART 
methodologies for contracted bridge painting and washing applications involves the use of filter 
tarps suspended beneath the bridge or marine transfer span during active washing operations.  
This filter tarp allows washwater to pass through and discharge to the waterway or land area 
below, but collects debris and particulate matter that is cleaned from the bridge.  Paint particles 
and abrasive grit that are captured by the filter tarps would subsequently be sent to upland 
disposal areas.  This is the preferred practice that is identified under the current IA and used on 
all of WSDOT’s existing bridge washing projects.  In addition, the AKART study determined 
that for routine maintenance bridge washing, that hand cleaning and vacuuming (vactor truck) 
followed by high-volume, low pressure water flushing, meets AKART if performed during 
periods of high river flows (i.e., winter and spring). 

Once an AKART treatment methodology has been identified, Federal regulations (40 CFR 
122.44) require analyses to determine if there is a “reasonable potential” for water quality 
standards to be violated due to discharge of the resulting effluent.  Compliance with Washington 
State water quality standards requires a consideration of the requirements in WAC 173 201A, 
Water Quality for Surface Waters of the State of Washington, and WAC 173-204, Sediment 
Management Standards.  In order to make this determination, site specific information for the 
following parameters must typically be compiled and evaluated: effluent pollutant 
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concentrations, effluent discharge rate, receiving water pollutant concentrations, and receiving 
discharge rate.  This assessment does not require 100 percent certainty; rather, it requires a 
judgment of reasonable potential based on a rational process and scientifically valid methods.  If 
the reasonable potential assessment determines that there is a potential for violating water quality 
standards, limitations are imposed on the effluent discharges to receiving waters.  Limitations on 
effluent discharges might include limiting quantities, time periods, compliance schedules, 
frequency, continued monitoring, or requiring additional treatment prior to discharge.  In 
Washington, Ecology has the regulatory authority to implement the federal regulations and 
administer the NPDES permit process. 

This report presents a “reasonable potential” analysis of potential water and sediment quality 
impacts related to effluent discharges from WSDOT’s bridge washing operations.  This analysis 
evaluates the potential for water and sediment standards to be violated due to effluent discharges 
from bridge washing operations, assuming that the effluent has been treated using preferred 
alternatives identified in the AKART feasibility study (Herrera 2003).  This evaluation was 
conducted for bridge washing operations that occur over both river and marine systems.  The 
associated analyses and results are presented sequentially in this report under the following 
headings:  

 Description of Bridge Washing Procedures 
 Methods 
 Results  
 Conclusions 
 Recommendations. 
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Description of Bridge Washing Procedures 

To provide the necessary background information for interpreting this reasonable potential 
determination, this section describes in more detail the procedures used during WSDOT’s bridge 
washing operations.  As noted in the Introduction to this report, Herrera recently completed a 
feasibility study (Herrera 2003) to identify a treatment alternative from a range of options that 
meets the definition of AKART, as described in WAC 173-201A.  Based on the performance, 
technical feasibility, and cost criteria that were evaluated as part of the feasibility study, 
WSDOT’s current treatment practices were identified as the preferred alternative.   

WSDOT conducts two types of bridge and transfer span washing activities: 1) routine 
maintenance washing, and 2) surface preparation for painting.  Typically, routine maintenance 
washing is conducted by WSDOT maintenance crews, while painting and associated washing are 
conducted by contractors.  The procedures used for each of these washing activities is described 
in more detail in the subsections to follow.  

Maintenance Washing 
Bridges 

Routine maintenance washing of bridges typically occurs on a one to five-year cycle and 
involves the following steps:   

 Establish traffic control – traffic control is typically set up and taken down 
on a daily basis to reduce traffic congestion during peak travel times. 

 Establish fall protection systems (scaffolding, rigging, ropes and other 
equipment). 

 Remove dry debris, such as dust and bird feces, by hand and vacuum 
(vactor truck) 

 Wash steel with clean water using a high-volume, low-pressure system. 

To reduce pollutant discharge to receiving waters below, dry debris is disposed of at an upland 
location.  In some cases, a vacuum is applied during washing to capture some of the loosened 
material.  Maintenance washing activities are typically performed during high river flows (late 
fall, winter, and early spring), also reducing the potential impact on receiving water quality.  
Approximately 400 to 600 gallons of water is used to clean a typical bridge structure (625 tons of 
steel).  Filter tarps are not used during bridge maintenance washing. 
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Marine Transfer Spans 

Routine maintenance washing of marine transfer spans does not use filter tarps and typically 
occurs on a monthly to semi-annual cycle.  Routine maintenance washing involves the following 
steps: 

 Dry debris, such as bird feces, is removed by hand or vacuum and 
subsequently disposed of upland. 

 When necessary, a biodegradable degreaser (e.g., Simple Green) is applied 
to the marine span surfaces.  Surfaces are typically not washed after a 
degreaser is applied, but washing may occur in some instances depending 
upon the activity. 

 Approximately 200-600 gallons of water are used to clean marine transfer 
spans. 

 Steel structures are washed with clean water using a high-volume, low-
pressure system. 

Paint Preparation Washing 
Bridges 

Bridge washing in preparation for painting differs from maintenance washing.  Paint preparation 
washing uses a low-volume, high-pressure washing system to more thoroughly remove debris 
and loose paint material from the steel surfaces.  Maintaining paint coatings in good condition 
extends the service life of the bridge by reducing corrosion. 

Bridge painting occurs on a schedule dictated by the rate at which paint systems deteriorate.  
Most bridges are inspected every one to two years and evaluated according to paint system 
condition.  One of three paint system condition levels is identified at each bridge based on the 
following criteria: 

 Condition level 1: Paint is in like new condition 
 Condition level 2: Paint is peeling or deteriorating, but no steel is exposed 
 Condition level 3: Paint is peeling or deteriorating exposing the underlying 

steel. 

When a bridge is identified in the later stages of condition level 2 or at condition level 3 and has 
2 percent or more steel exposed, it is added to the statewide painting list.  Due to varied bridge 
settings and environmental conditions, the frequency of bridge painting varies and is typically 
greater than 15 years.  The following steps are conducted during bridge painting: 

 Establish traffic control.  
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 Establish fall protection systems. 

 Construct tarp systems around and beneath the work area.  Under current 
standards (WSDOT 2002a), filter tarps must have a minimum apparent 
opening size (AOS) of 212 micrometers, equivalent to a #70 sieve.   

 Remove dry debris by hand and vacuum. 

 Wash steel surfaces with a low-volume, high pressure (3,200 pounds per 
square inch) system – effluent passes through a filter tarp to remove 
particulate material before discharge to the environment below.   

 After the steel surfaces have dried, spot blast with metal slag (Blastox or 
Kleenblast) to remove flaking/chipping paint and oxidized steel. 

 Blow down surfaces to remove residual dust and debris from the steel – all 
material from spot blasting activity is contained and stored on site. 

 Apply zinc-based primer coat to spot-blasted areas. 

 Apply an intermediate coat and top coat of moisture cure urethane to all 
steel surfaces. 

In some cases, full containment of washing activities has been conducted at WSDOT bridge 
painting sites.  In these cases, effluent was often disposed of by discharging to land areas near 
the bridge site or to storm sewer systems.  If effluent from the bridge washing activities exceeds 
disposal limits for local municipal sanitary sewer systems and treatment is not an option, the 
effluent is designated as a hazardous waste and subsequently disposed of at a licensed facility. 

Marine Transfer Spans 

Marine transfer spans are painted at a frequency of 15 or more years.  In preparation for painting, 
the span surfaces are cleaned using the same methodology described above for bridges.  
Filtration tarps are also currently used during paint preparation washing of marine transfer spans. 
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Methods 

The methods and protocols for performing reasonable potential determinations are specified in 
the following guidance documents from the U.S. EPA and Ecology: 

 Technical Support Document for Water Quality-based Toxics Control 
(U.S. EPA 1991)  

 Water Quality Permit Writer’s Manual (Ecology 2002) 

However, the procedures outlined in these guidance documents are mainly directed at the 
evaluation of potential water quality impacts from a fixed location point source that discharges 
either continuously or intermittently over long periods of time.  The required input for these 
analyses typically take the form of site-specific data on effluent and receiving water 
characteristics.   

In contrast to these typical analysis conditions, WSDOT’s bridge washing operations occur at 
numerous locations throughout the state.  The associated effluent discharge occurs over short, 
discontinuous durations.  Furthermore, effluent characteristics for WSDOT’s bridge washing 
operations are expected to vary significantly depending on the age and conditions of the bridge 
structure and the type of paint present.  These factors make it difficult to directly apply many of 
the standard methods and procedures for performing an analysis of reasonable potential.  Due to 
these characteristics of WSDOT’s bridge washing operations, the standard procedures were 
modified to perform the analyses described in this report. 

In addition, there are no guidance documents available from Ecology that specifies how a 
reasonable potential determination should be performed when evaluating sediment quality 
impacts in freshwater systems.  Therefore, the methods presented for this component of the 
analysis were adapted from common engineering principles related to sediment settling and 
dispersion.  

This reasonable potential analysis specifically focuses on bridge washing for paint preparation.  
Because these activities involve pressure washing to remove paint material and typically occur 
when rivers and streams are flowing at lower rates, it is assumed that they have a greater 
potential to impact receiving waters. 

The following sections describe the methods that were used to conduct the reasonable potential 
determination for WSDOT’s bridge washing operations.  These sections include information 
regarding the calculations, input data, and assumptions that were used to evaluate water quality 
and sediment impacts in rivers and marine systems.  Also noted are any deviations from the 
standard procedures for making reasonable potential determinations as defined in U.S. EPA 
(1991) and Ecology (2002).  This methods discussion is organized in four subsections: 

 Water Quality Impact Evaluation for Rivers 
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 Water Quality Impact Evaluation for Marine Systems 
 Sediment Quality Impact for Rivers 
 Sediment Quality Impact for Marine Systems 

Water Quality Impact Evaluation for Rivers 

This section describes the methods used to assess potential violations of water quality standards 
in rivers due to inputs of bridge washing effluent.  The first subsection provides an overview of 
the basic evaluation approach and identifies the input data sources for the associated analyses.  
The next subsection describes in more detail the specific calculations, input data, and 
assumptions that were used to evaluate water quality impacts in rivers. 

Overview of Approach and Data Sources 

The analysis of water quality impacts on rivers was conducted based on Washington State water 
quality standards as defined in WAC 173-201A.  These standards are differentiated based on 
whether they apply to acute or chronic impacts.  The standards for acute impacts are promulgated 
to prevent injury or death to an organism as a result of short-term exposure to a substance or 
detrimental environmental condition.  In contrast, standards for chronic impacts are intended to 
prevent injury or death to an organism as a result of repeated or constant exposure over an 
extended period of time to a substance or detrimental environmental condition.  The actual acute 
standards are typically assessed based on a 1- hour average concentration that may not be 
exceeded more than once every three years on average.  Chronic standards are assessed based on 
a 4-day average concentration that may not be exceeded more than once every three years on 
average.  It follows that acute criteria generally apply to infrequent or intermittent discharges; 
chronic criteria apply to long-term exposures.   

As noted above, effluent discharges from WSDOT’s bridge washing occurs over very short, 
intermittent durations.  For example, a typical bridge washing project typically takes two to four 
months to complete (Hamacher 2003b personal communication).  Within this time span, three to 
five individual wash events would typically occur at two to three-week intervals between the 
actual bridge painting work.  Not including time for mobilizing and demobilizing, each 
individual wash event generally lasts from 4 to 8 hours.  Based on these considerations, the 
analysis presented in this report only evaluates water quality impacts to rivers based on acute 
water quality standards.  In addition, acute criteria are much more conservative and potentially 
offer greater environmental protection.  This decision was arrived at through a mutual agreement 
between Ecology and WSDOT (Ecology and WSDOT, 2003).   

In this analysis, potential water quality violations from bridge washing effluent were assessed at 
the boundary of the allowable mixing zone for acute impacts as defined in WAC 173-201A.  
Mixing zones are the portions of a water body adjacent to an effluent outfall where mixing 
results in the dilution of the effluent with the receiving water.  Water quality standards may be 
exceeded in a mixing zone as conditioned and provided for in WAC 173-201A-400.  A mixing 
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zone is only permitted in cases where it can be demonstrated that the effluent treatment 
technology meets the definition of AKART.  The AKART feasibility study for WSDOT’s bridge 
washing operations (Herrera 2003) satisfies this criteria.  In rivers, the mixing zone where acute 
criteria may be violated is determined by the most restrictive combination of any of the 
following maximum size requirements: 

1. Not extend beyond ten percent of the distance toward the upstream and 
downstream boundaries of an authorized mixing zone, as measured 
independently from the discharge port(s).  The authorized mixing zone 
extends downstream from the discharge port(s) for a distance of three 
hundred feet plus the depth of water over the discharge port(s), and 
upstream for a distance of one hundred feet.   

2. Not utilize greater than two and one-half percent of the flow, and 

3. Not occupy greater than twenty-five percent of the width of the water 
body. 

This evaluation focused only on water quality impacts as they relate to the second criteria listed 
above.  The first and third criteria were not addressed in this evaluation because the associated 
impacts must be assessed through site-specific mixing zone studies that, for reasons discussed 
above, are not directly applicable to this particular analysis.  In addition, Ecology has found that 
the second criterion is generally the most restrictive for water quality impacts in small and 
medium sized rivers (Ecology 2003a).  This approach was agreed to by Ecology and WSDOT 
(Ecology and WSDOT, 2003).   

In order to perform this analysis, a simple dilution equation was used to calculate concentrations 
of the target pollutants under different river discharge rates during bridge washing operations.  
Pursuant to the second criteria in the list above, it was assumed that only two and one half 
percent of the total river discharge was available for diluting the bridge washing effluent.  In 
order to determine the range of river systems that would have a reasonable potential of violating 
water quality criteria,  river discharge rates were varied from a maximum that resulted in no 
water quality violations for the target parameters to a minimum that resulted in water quality 
violations for some or all of the target parameters.  Per Ecology (2002) guidelines, the evaluation 
of potential water quality impacts to rivers was conducted based on a reasonable worst-case 
scenario for WSDOT’s bridge washing operations.   

Because available data have shown that primary contaminants in bridge washing effluent are 
chromium, copper, lead and zinc, these analyses were directed specifically at these four target 
parameters.  The following section describes the data sources that were used to characterize 
bridge washing effluent pollutant concentrations and discharge rates.  A separate subsection 
identifies the data sources that were used to characterize concentrations of the target parameters 
in receiving waters throughout the state.  The specific calculations and input data used for these 
analyses are described in the Calculations and Data Input section that follows.   
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Data Sources for Effluent Characterization 

Only limited data are available that specifically characterize effluent characteristics from 
WSDOT’s bridge washing activities.  At present, the primary source of data is four separate 
studies that WSDOT conducted on steel bridges located within Western Washington (2001, 
2002b, 2002c, 2003; included in Appendix B).  The specific location and dates for these studies 
are as follows:   

 Stillaguamish River bridge (No. 532/2) near Stanwood, Washington – 
August 2001 (involved two water quality monitoring events) 

 Skykomish River bridge (No. 2/030) near Gold Bar, Washington – May 
2002 

 Cowlitz River bridge (No. 432N) near Kelso, Washington – June 2002. 

 Nooksack River bridge (539/860) on SR539 – August 17, 2003. 

The data from these studies included effluent flow rates and pollutant concentrations.  All of 
these studies used similar data collection methodologies.  Effluent from the bridge washing 
operations was collected after it passed through a filter tarp system.  Sampling was conducted 
using U.S. EPA approved sampling and monitoring techniques/methodologies (i.e., “clean 
hands/dirty hands”).  Both grab and representative composite effluent samples were collected 
during critical discharge times.  Samples were subsequently submitted to Department of Ecology 
certified laboratories for analyses of dissolved and total metals and other selected pollutants.  
Field measurements of pH, dissolved oxygen, and conductivity were also recorded.  A record of 
water quantities used to clean the bridge structures were obtained from the contractor and used to 
calculate average discharge rates.  A detailed description of the sampling and analytical 
procedures used in these studies is provided in the field reports prepared by WSDOT (2001, 
2002b, 2002c, 2003; included in Appendix B). 

The length and steel surface area of all three bridges included in these studies are between the 
25th and 75th percentiles of the cumulative frequency distribution for all WSDOT bridges.  This 
would suggest that the associated effluent flow rates and pollutant concentrations can be readily 
extrapolated to the majority of WSDOT’s bridges if structure size is the only factor that affects 
effluent concentrations and volumes.  However, all the study bridges are located in the same 
general region of the state, so potential influences relating to climate or geography cannot be 
fully assessed.  Furthermore, the overall variance in these data cannot be thoroughly assessed due 
to the low number of observations (n ≤5) for each parameter. 

Data from all four bridge washing studies are summarized in Appendix A.  The actual field 
reports that were prepared from these studies (WSDOT 2001, 2002b, 2002c, 2003) are presented 
in Appendix B.  Based on an examination of these data, it appears that the primary pollutants of 
concern in bridge washing effluent are chromium, copper, lead, and zinc.  Dissolved 
concentrations of copper and zinc exceeded water quality standards for acute impacts in every 
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sample (based on the average hardness of 26 mg/L as CaCO3 in the sampled receiving waters).  
Worst-case dissolved metal concentrations for chromium, copper, lead, and zinc were 0.023 
mg/L, 0.178 mg/L, 0.130 mg/L, respectively.  Worst-case total recoverable metal concentrations 
for chromium, copper, lead, and zinc were 0.368 mg/L, 2.05 mg/L, 10.5 mg/L, 4.47 mg/L, 
respectively.  Other toxic metals, conventional pollutants, and organic contaminants were 
generally not present at levels that are shown to cause significant water quality problems.  Due to 
these considerations, chromium, copper, lead, and zinc were targeted for all subsequent analyses 
related to this impact evaluation.  This decision was arrived at through a mutual agreement 
between Ecology and WSDOT (Ecology and WSDOT, 2003). 

Data Sources for Receiving Water Characterizations 

Data used to quantify background water quality characteristics in receiving waters were obtained 
from Ecology’s Environmental Information Management (EIM) system and U.S. EPA’s 
STORET Legacy Data Center (LDC).  The EIM system is an environmental database, which 
stores physical, chemical, and biological environmental measurements.  Extensive ancillary 
information about those measurements is also stored, including the geographic location of the 
sample station, detailed study information, and information about data quality.  STORET is 
EPA's main repository of water quality monitoring data.  It contains water quality information 
from a variety of organizations across the country, from small volunteer watershed groups to 
State and Federal environmental agencies.  The LDC component of STORET contains data that 
were supplied to EPA before 1999. 

For this analysis, both of the database systems were queried to obtain background water quality 
data for the target parameters (i.e., chromium, copper, lead, zinc) in freshwater systems.  The 
database was also queried to obtain background data for water hardness in these systems to 
facilitate the calculation of hardness-dependent water quality standards.  As noted above, the 
results from this analysis must be extrapolated to numerous WSDOT bridge washing locations.  
Because the EIM and STORET LDC systems contain compiled information from studies that 
occurred throughout the state, it was assumed that data obtained from these sources would 
provide the most representative characterization of receiving water quality for this purpose.   

Calculations and Data Inputs 

The following equation was used to evaluate receiving water pollutant concentrations following 
mixing with bridge washing effluent: 

Ca = (1/Fd × Ce) + ([1 – 1/Fd] × Cb) 

where: 

Ca = acute pollutant concentration (mg/L) 
Fd = dilution factor 
Ce = effluent pollutant concentration (mg/L) 
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Cb = background (river) water quality concentration (mg/L). 

The dilution factor (Fd) is calculated using the following equation: 

Fd = 1/(Qe/(Qb × 0.025)) 

where: 

Qe = effluent discharge rate (cfs). 
Qb = river discharge rate (cfs). 

As noted above, the river discharge rate (Qb above) was varied from a maximum at which no 
water quality violations are observed for the target parameters (i.e., chromium, copper, lead, 
zinc) to a minimum where some or all of the target parameters violated the standards.  Based on 
the mixing zone criteria described in WAC 173-201A, this analysis assumed that only two and 
one half percent of the total river discharge is available for mixing and dilution of the bridge 
washing effluent.  This evaluation of potential water quality impacts to rivers was conducted to 
evaluate a reasonable worst-case scenario for WSDOT’s bridge washing operations.  However, 
the analysis was segregated to reflect the different receiving water characteristics for river 
systems located in Eastern and Western Washington, respectively.  Analyses were also 
performed to evaluate potential impacts from WSDOT’s bridge washing operations using acute 
water quality standards that have been adjusted to reflect the influence of local water chemistry 
on metal toxicity.  Finally, an additional sensitivity analysis was performed to evaluate how 
different assumptions regarding the partitioning of total recoverable and dissolved metals in 
bridge washing effluent effect the overall study conclusions.   

The specific input data and associated assumptions for this analysis are described in the 
following subsections.  Relevant guidance from Ecology for generating these input data is also 
presented. 

Effluent Discharge Rate 

According to Ecology guidance documents (Ecology 1997a, 2002), a worst-case effluent 
discharge rate must be used when performing a reasonable potential determination.  More 
specifically, Ecology indicates that the maximum discharge rate that can occur should be used as 
the reasonable worst-case scenario for intermittent effluent streams like those affected by 
WSDOT’s bridge washing operations.  

Effluent discharge rates for this analysis were derived from the WSDOT bridge washing studies 
described above (WSDOT 2001, 2002b, 2002c, 2003; included in Appendix B).  Effluent 
discharge rate data from these studies are summarized in Table 1.  The total effluent discharge 
rate is a function of both the number of washers operating simultaneously and the effluent 
discharge rate per washer.  In the worst-case scenario evaluated for this analysis, it was assumed 
that 6 washers were operating simultaneously with an effluent discharge rate of 3 gallons per 
minute (gpm) per washer.  Based on these assumptions, the combined discharge rate 
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                 bridge washing projects.

Bridge Study

No. Washers 
Operating 

Simultaneously

Approximate Effluent 
Discharge Rate per 

Washer
(gallons/minute)

Stillaguamish River (Bridge No. 532/2) 2 2.5  - 3.0
Skykomish River (Bridge No. 2/030) 2 1.8 - 2.0
Cowlitz River (Bridge No. 432N) 4 2.0 - 2.3
Nooksack River (Bridge No. 539/860) 3 1.5 - 1.7
Worst-Case Scenario: 6 3.0
Data Source: WSDOT (2001, 2002b, 2002c, 2003).

Table 1.   Effluent flow rates and discharge volumes from WSDOT

wp/02-02217-010 Tables.xls Herrera Environmental Consultants



 Preliminary Water and Sediment Quality Impact Analysis 

from all the washers under the reasonable worst-case scenario is 18 gpm (i.e., 6 washers × 3 
gpm/washer = 18 gpm). 

Effluent Pollutant Concentrations 
According to guidelines promulgated by the U.S. EPA (1991) and Ecology (1997a, 2002), worst-
case effluent pollutant concentrations are to be used when assessing water quality impacts for an 
analysis of reasonable potential; specifically, the 95th percentile pollutant concentration should 
be estimated for this purpose.  To derive the 95th percentile pollutant concentration, the 
coefficient of variation (CV) of the data is used to obtain an appropriate reasonable potential 
multiplying factor from tabulated values found in U.S. EPA.  (1991) and Ecology (2003c).  This 
reasonable potential multiplying factor is then applied to the maximum concentration from the 
available data to calculate the 95th percentile pollutant concentration.  Per Ecology (2002) 
guidance, an assumed CV of 0.6 was used for all the parameters in this analysis because the 
number of available samples for characterizing metals concentrations was less than 21.   

Federal guidelines (40 CFR 122.45) also require that all permit effluent limitations, standards, or 
prohibitions for a metal be expressed in terms of "total recoverable metal".  However, acute 
water quality standards for metals in WAC 173-201A are generally expressed in terms of 
dissolved metals.  Therefore, a metals translator value is required to convert the effluent total 
recoverable metal concentration to an estimate of the dissolved metal concentration that would 
be present in the receiving water.  Specifically, the translator values is the fraction of total 
recoverable metal in the receiving water that is dissolved (U.S. EPA 1996).  These translator 
values can be determined empirically based on site-specific monitoring data, or published values 
may be utilized.  For this analysis, the translator values presented in Pelletier (1996) for copper, 
lead, zinc and were employed in all calculations because there were insufficient data to develop 
site-specific values.  These are the default translator values that are generally used for all 
reasonable potential determination that are performed in Washington State (Ecology 2003c).  A 
translator value is not required for chromium where laboratory methods to measure the tri-valent 
form of this metal are unavailable.  

The worst-case effluent concentrations for this study were derived from the measured total 
recoverable metals concentrations that were obtained from the WSDOT bridge washing studies 
described above.  Table 2 presents the worst-case dissolved metal concentration (i.e., the 95 
percentile) in the receiving water based on the maximum total recoverable metals concentrations 
from these studies.  The applicable reasonable potential multiplying factors and translator values 
for each metal are also presented in Table 2.  These estimated worst-case dissolved metal 
concentrations were used in subsequent calculations to determine the minimum flow rate at 
which acute water quality standards would be violated for each of the target metals.  

However, one of the primary uncertainties surrounding this analysis relates to the accuracy of the 
translator values discussed above for determining the dissolved to total recoverable metal 
concentrations in the receiving water.  In general, the primary mechanism for metals toxicity is 
by adsorption to or uptake across the gills of an aquatic organism; this physiological process 
requires the metal to be in a dissolved form (U.S. EPA 1996).  Thus, particulate metal exhibits 
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Cr Cu Pb Zn

No. Samples: 2 3 3 3
Maximum Measured Total Recoverable Metal Concentration (mg/L): 0.993 2.05 10.5 4.47

Metals Translator for Freshwaterb: 1.000 0.996 0.466 0.996
Multiplierc: 3.79 3.00 3.00 3.00
Worst-Case Dissolved Metal Concentration for Rivers (mg/L)d: 3.76 6.13 14.7 13.4
Metals Translator for Marine Watere: n.a. 0.830 0.951 0.946
Multiplierc: n.a. 3.00 3.00 3.00
Worst-Case Dissolved Metal Concentration for Marine Water (mg/L)d: n.a. 5.10 30.0 12.7
Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Appendix A.
a Total recoverable metals concentrations in bridge washing effluent after passing through a filter tarp with an
  apparent opening size (AOS) equivalent to a #40 sieve.  
b Translator values for converting total recoverable metal concentrations to dissolved concentrations were obtained from

Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
c Multipliers were calculated based on number of samples using guidance from Ecology (2002, 2003c).
d Maximum expected effluent dissolved metal concentrations (i.e., 95 percentile) for freshwater and marine water based on measured total recoverable metal  

concentrations (i.e., maximum expected dissolved metal concentration in effluent = maximum measured total metal concentration x metals translator x multiplier).
e Translator values for converting total recoverable metal concentrations to dissolved concentrations in marine water were obtained from

Ecology (2002, 2003c). 
n.a.: Not applicable.
mg/L: milligram/liter.

Data Obtained from WSDOT Studiesa
Worst Case Bridge Washing Scenario

Table 2.  Maximum expected dissolved metal concentrations in rivers and marine water based on measured tota
                recoverable metal concentrations in bridge washing effluent.
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substantially less toxicity relative to the more biologically available dissolved metal fraction.  At 
issue is the accuracy of the default metals translator values obtained from Pelletier (1996) for 
estimating how much of the total recoverable fraction of metals in bridge washing effluent will 
partition over to a dissolved form after discharge to a receiving water.   

As noted above, there are insufficient data available from bridge washing operations for 
calculating site-specific translator values for bridge washing operations.  However, the published 
translator values assume that a large majority (e.g., 46 percent for lead and 99 percent for copper 
and zinc; see Table 2) of the total recoverable metals in the effluent will be present in a dissolved 
form after discharge to a receiving water body.  This is a reasonable assumption for more typical 
wastewater discharges where the associated effluent has been highly processed.  However, 
metals associated with bridge washing effluent are much more likely to be bound up with other 
materials in the paint matrix and, therefore, less prone to be present as dissolved constituents 
within the receiving water.  Based on these considerations, water quality impacts in this 
reasonable potential analysis are likely overestimated since the metals translators are overly 
conservative when applied to this reasonable potential particular effluent stream.        

To address this concern, the WSDOT and Ecology concluded that an additional sensitivity 
analysis should be performed to evaluate how uncertainties surrounding the partitioning of total 
recoverable metals to dissolved metals might effect the overall study conclusions (Ecology and 
WSDOT 2003).  For this analysis, worst-case effluent concentrations (i.e., 95 percentile 
estimates) were derived from the effluent dissolved metal concentrations as measured in the 
WSDOT bridge washing studies described above.  The 95 percentile estimates were arrived at 
using the same methodology that was described above for total coverable metals.  Table 3 shows 
the resultant worst-case values for each metal and the associated reasonable potential multiplying 
factors.  These values were then used to determine the minimum flow rate at which acute water 
quality standards would be violated for each of the target metals.  These flow rates were then 
compared to those obtained using the worst-case estimates from the total recoverable metals 
data.  This comparison was then factored into the subsequent reasonable potential determination 
for WSDOT’s bridge washing operations.   

Receiving Water Background Pollutant Concentrations 

Ecology (2002) guidelines for performing an analysis of reasonable potential specify different 
methods for determining background pollutant concentrations in the receiving water based on the 
amount of data available.  If 20 or fewer samples are available for characterizing background 
pollutant concentrations, the geometric mean of the receiving water should be multiplied by a 
factor of 1.74 to estimate the 90th percentile.  If more than 20 samples are available, the 
receiving water background concentration is defined as the 90th percentile value derived from a 
cumulative frequency distribution analysis of data collected during a period of critical condition. 

As noted above, background pollutant concentrations for this analysis were obtained through 
queries of Ecology’s EIM system and the U.S. EPA’s STORET LDC system.  The data from this 
initial query were further processed as follows: 
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Table 3.  Maximum expected dissolved metal concentrations in freshwater and marine water based on measured

Cr Cu Pb Zn

No. Samples: 5 5 5 5
Maximum Measured Dissolved Metal Concentration (mg/L): 0.023 0.178 0.130 2.10

Multiplierb: 2.32 2.32 2.32 2.32
Worst-Case Dissolved Metal Concentration for Rivers and Marine Water (mg/L)c: 0.053 0.413 0.302 4.87
Data Source: WSDOT (2001, 2002b, 2002c, 2003)
a Dissolved metals concentrations in bridge washing effluent after passing through a filter tarp with an
  apparent opening size (AOS) equivalent to a #40 sieve.  
b Multipliers were calculated based on number of samples using guidance from Ecology (2002, 2003c).
c Maximum expected effluent dissolved metal concentrations (i.e., 95 percentile) for freshwater and marine water based on measured dissolved metal  

concentrations (i.e., maximum expected dissolved metal concentration in effluent = maximum measured dissolved metal concentration x multiplier).
n.a.: Not applicable.
mg/L: milligram/liter.

Data Obtained from WSDOT Studiesa
Worst Case Bridge Washing Scenario

 dissolved metal concentrations in bridge washing effluent.
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1. Because bridge washing operations typically occur in during dry weather 
periods, all data from samples collected during wet weather periods (i.e., 
October through April) were removed from the original query results.  Dry 
weather periods are also considered the period of critical condition in this 
analysis. 

2. Data from rivers systems that are on Washington State’s 303(d) list were 
removed if the associated impairment was related to contamination from 
the target metals in this analysis.  This was done because these waters are 
not representative of typical receiving water conditions and would likely 
not be covered under any forthcoming permit from Ecology that addresses 
WSDOT’s bridge washing operations. 

3. Individual data that exceed acute water quality standards for the target 
metals (based on a typical hardness value of 20 mg/L as CaCO3) were 
removed.  Again, this was done because these data are likely not 
representative of typical receiving water conditions. 

The 90th percentile values for the target metals in this analysis were then computed from the data 
that remained after the steps above were completed.  The resultant values are shown in Table 4.  
These values were used in all subsequent calculations for assessing impacts to rivers from 
WSDOT’s bridge washing operations.   

Acute Water Quality Standards for Target Metals 
Water quality standards for metals in freshwater typically vary with water hardness.  More 
specifically, these water quality standards tend to become more restrictive as receiving water 
hardness decreases because hardness reduces the metal toxicity.  To assess worst-case 
conditions, the guidelines for conducting an analysis of reasonable potential (Ecology 2002) 
require that the lowest hardness value observed during critical conditions be used if there are 20 
or fewer samples available for the receiving water.  If the data consists of more than 20 samples, 
the hardness value used in the assessment should be based on the 10th percentile value from the 
available data.  

As noted above, background hardness concentrations for this analysis were obtained through 
queries of Ecology’s EIM system and the U.S. EPA’s STORET LDC system.  The data from this 
initial query were further processed as follows: 

1. The data from the original database queries was segregated based on 
whether the samples were collected in Eastern or Western Washington.  
This was done because there are consistent differences in hardness 
between samples collected from each of these respective areas due to 
naturally occurring watershed characteristics. 
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Cr Cu Pb Zn
Hardness

Eastern WA
Hardness

Western WA

No. Samples:
- EIM Dataa 365 238 219 209 3,068 3,772
- STORET Datab 118 68 59 64 135 114
- Total 483 306 278 273 3,203 3,886
90th Percentile (mg/L): 0.0050 0.0014 0.0007 0.0053 -- --
10th Percentile (mg/L as CaCO3): -- -- -- -- 20.0 14.0

Worst Case   (metals: mg/L; hardness mg/L as CaCO3)c: 0.0050 0.0014 0.0007 0.0053 20.0 14.0

No. Samples
- EIM Dataa n.a. 49 60 57 -- --
- STORET Datab n.a. 0 0 0 -- --
- Total n.a. 49 60 57 -- --
90th Percentile (mg/L): n.a. 0.0022 0.0100 0.0160 -- --
Worst Case (mg/L)c: n.a. 0.0022 0.0100 0.0160 -- --

a Data source: Queries of Environmental Information Management system; Ecology (2003b).
b Data source: Queries of STORET system; U.S. EPA (2003).
c Worst case values based on 90th percentile values from compiled metals data and 10th percentile values from compiled hardness data. 
mg/L: milligram/liter.
n.a.: Not applicable. Cr not evaluated for marine waters because there is no acute water quality standard for this parameter .

Rivers

Marine Water

Table 4.   Background concentrations of target heavy metals (dissolved form) and hardness for rivers and marine waters.
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2.  Because bridge washing operations typically occur in during dry weather 
periods, all data from samples collected during wet weather periods (i.e., 
October through April) were removed from the original query results.   

The 10th percentile values for hardness were then computed from the data that remained after the 
steps above were completed.  The respective values for Eastern and Western Washington are 
presented in Table 5.  The acute water quality standards that were calculated based on these 
hardness values are also shown in Table 5.   

In general, the water quality standards for heavy metals, as defined by the Washington State 
(WAC 173-201A) and the U.S. EPA (1986, 2002), are derived from a diverse set of national 
toxicity data and calculated on the basis of numerous general assumptions (U.S. EPA 1992, 
Gauthier and Early 1998).  In most cases, the toxicity data are directly transcribed, without 
modification, into water quality standards.  Consequently, these standards are based on data for 
organisms that may or may not be resident in the ambient water that is of regulatory concern.  
Thus, the standards may be underprotective or overprotective because the species actually 
present in these waters may be more or less sensitive than those evaluated in the national toxicity 
data.  Furthermore, physical and/or chemical characteristics of the ambient water may alter the 
biological availability and/or toxicity of the material (U.S. EPA 1992, Gauthier and Early 1998).  
Finally, there is some indication toxicity values in the national database may be exceedingly 
protective because the toxicity tests that form the basis of these data were performed using 
filtered water from an uncontaminated source (U.S. EPA 1994).  Filtered water has relatively 
low concentrations of metal-binding particulate and, possibly, colloidal organic matter relative to 
typical ambient waters.  Therefore, toxicity tests performed in filtered water may overestimate 
the toxicity of metals that interact with particulate matter or colloidal organic matter under 
ambient conditions.  As noted above, bound (i.e., particulate) metals are generally considered to 
be significantly less bioavailable and toxic relative to dissolved metals.  Thus, a lower proportion 
of the metal added to the ambient waters would be present in a toxic form due to the binding 
capacity of the dissolved organic and particulate matter contained in the receiving waters.   

To address these issues, the U.S. EPA allows site-specific water quality standards to be 
developed for metals using an adjustment called the water-effect ratio (WER).  The WER is a 
factor that expresses the difference between the toxicity of a heavy metal in laboratory water and 
the toxicity in the water from a specific site.  Thus, the WER provides a mechanism to account 
for that portion of a metal which is toxic under certain physical, chemical, or biological 
conditions.  At this time, WERs are only applicable to certain metals, which are listed in Interim 
Guidance on the Determination and Use of Water-Effect Ratios (U.S. EPA 1994).  The U.S. 
EPA’s procedures for developing site-specific water quality standards are designed to consider 
two general factors that may make the state and national standards in appropriate for a specific 
water body.  According to these guidelines:  

 wp4   /02-02217-010 water and sediment quality impact analysis.doc 

Herrera Environmental Consultants 20 October 3, 2003 



Eastern Washington Western Washington
Receiving Water Hardness (mg/L as CaCO3)

a: 20 14

Freshwater Acute Water Quality Standard (mg/L)b

Crc: 0.1469 0.1097
Cu: 0.0037 0.0027
Pb: 0.0108 0.0072
Zn: 0.0293 0.0216

Marine Water Acute Water Quality Standard (mg/L)d

Cr: n.a. n.a.
Cu: n.a. 0.0048
Pb: n.a. 0.2100
Zn: n.a. 0.0900

Freshwater Acute Water Quality Standard with WER adjustment (mg/L)e

Cre: 0.2864 0.2138
Cu: 0.0109 0.0078
Pb: 0.0408 0.0272
Zn: 0.0413 0.0305

Marine Water Acute Water Quality Standard with WER (mg/L)f

Cr: n.a. n.a.
Cu: n.a. 0.0144
Pb: n.a. n.a.
Zn: n.a. n.a.

a Hardness values are derived  from queries of the Environmental Information Management system (Ecology 2003b) and
STORET system (U.S. EPA 2003).

b Freshwater acute water quality standards for dissolved metals as defined in WAC 170 201A.  Standards vary with receiving water 
hardness. 

c The acute water quality standard for Cr is for the total-recoverable fraction where methods to measure the tri-valent fraction are 
unavailable.

d Marine acute water quality standards as defined in WAC 170 201A. These standards do not vary with hardness.
e Freshwater acute water quality standards after adjustment with the following water effects ratios (WERs): Cr, WER = 1.95; Cu,  

WER = 2.92; Pb, WER = 3.78, Zn, WER= 1.41. 
f

n.a.: not applicable.

Table 5.   Background hardness concentrations and associated acute water quality 
                 standards for target metals, with and without adjustment using water effects 
                 ratios (WERs).

Marine acute water quality standards after adjustment with the following water effects ratios (WERs):  Cu, WER = 3.005   
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Site-specific criterion derivation may be justified because species at the site may 
be more or less sensitive than those in the national criterion document, or 
because…differences  in physical and chemical characteristics of water have been 
demonstrated to ameliorate or enhance the biological availability and/or toxicity 
of chemicals in freshwater or saltwater environments (U.S. EPA 1994). 

In order to determine a WER, side-by-side toxicity tests are performed to measure the toxicity of 
a metal in dilution waters.  One of these waters has to be a water that is acceptable for use in 
laboratory toxicity tests conducted for the derivation of national water quality standards.  In most 
situations, the second dilution is a simulated downstream water prepared by mixing ambient 
water from a site of interest with effluent in an appropriate ratio; in other situations, the second 
dilution is a sample of actual site water to which the site-specific standard is to apply.  The WER 
is calculated by dividing the toxicity test end point (e.g., LC50) obtained in the site water by the 
endpoint obtained in the laboratory dilution water.  Most WERs are expected to be equal or 
greater than one, but in some cases may be less than one (U.S. EPA 1994).  A separate WER 
must be developed for acute and chronic impacts that are associated with a specific metal. 

In order to account for possible site-specific interactions that might alter the bioavailability 
and/or toxicity of heavy metals in bridge washing effluent, a literature search was performed to 
identify hypothetical WERs that could be applied to the acute water quality standards presented 
in Table 4.  Based on this research, the following hypothetical WERs were identified for the 
target metals in this study: chromium: WER = 1.95; copper: WER = 2.92; lead: WER = 3.78; 
and zinc: WER = 1.41.  The WER for copper was obtained from a study (Dunbar 1997) that was 
used to support the development and adoption of site-specific standards for selected freshwater 
streams in Connecticut.  The WERs for chromium, lead, and zinc were derived from a U.S. EPA 
(1992) report titled: Synopsis of Water-Effect Ratios for Heavy Metals as Derived for Site-
Specific Water Quality Criteria.  This report critically examined the procedures used and data 
presented in numerous studies performed to develop acute WERs.  Based on this examination, 
unacceptable and acceptable WERs were identified and summarized.  For this analysis, the 
acceptable WERs identified for chromium, lead, zinc in this study were averaged to provide 
hypothetical WERs for evaluating bridge washing effluent.  The individual WERs that were 
averaged for this purpose are presented in Appendix D. 

In order reflect potential site-specific influences on metal toxicity, the resultant hypothetical 
WERs for each target metal were used to adjust the associated acute water quality standard (see 
Table 5).  The WER adjusted water quality standards were subsequently analyzed in the same 
way as the unadjusted standards and the respective results compared.  The results from this 
comparison were then assessed in the reasonable potential determination for WSDOT’s bridge 
washing operations.  However, it should be stressed that these are merely hypothetical WERs for 
evaluating how some of the uncertainties discussed above in relation to the development and 
application of acute water quality standards might impact the overall results of this study.  At this 
time, WERs have not been specifically developed to evaluate site-specific influences on the 
toxicity of metals in WSDOT’s bridge washing effluent. 
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Water Quality Impact Evaluation for Marine Systems 

This section describes the analysis methods used to assess potential water quality impacts in 
marine systems due to inputs of bridge and marine transfer span washing effluent.  The first 
subsection provides an overview of the basic approach that was used in this evaluation and 
identifies the data sources that provided input for the associated analyses.  The next subsection 
describes in more detail the specific calculations, input data, and assumptions that were used to 
evaluate water quality impacts in these systems. 

Overview of Approach and Data Sources 

This analysis of water quality impacts due to bridge washing over marine waters was conducted 
based on criteria in WAC 173-201A that define the allowable size and location of effluent 
mixing zones.  These mixing zones are only permitted in cases where it can be demonstrated that 
the effluent treatment technology meets the definition of AKART.  For the reasons described in 
the Water Quality Impact Evaluation for Rivers section above, impacts from bridge washing will 
be evaluated based on acute water quality criteria.  The specific criteria for defining a mixing 
zone where acute criteria may be exceeded in marine waters (estuarine waters, as defined by 
WAC 173-201A) shall generally comply with the most restrictive combination of the following: 

Not extend beyond ten percent of the distance of an authorized mixing zone, as 
measured independently from the discharge port(s).  The authorized mixing zone 
shall:  

1. Not extend in any horizontal direction from the discharge port(s) 
for a distance greater than two hundred feet plus the depth of water 
over the discharge port(s) as measured during mean lower low 
water; and 

2. Not occupy greater than twenty five percent of the width of the 
water body as measured during mean lower low water.   

This evaluation focused only on water quality impacts as they relate to the first criteria listed 
above.  The second criteria in the list above was not addressed in this evaluation because the 
associated impacts must be assessed through site-specific mixing zone studies that are not 
directly applicable to this particular analysis.   

Mixing of bridge washing effluent was estimated using CORMIX, a steady-state hydrodynamic 
mixing zone modeling program.  CORMIX cannot explicitly model the scenario of interest due 
to limitations in the physical configuration of effluent plumes, but reasonable estimates of 
mixing can be developed using simplifying assumptions.   

This evaluation is based on distance from discharge, rather than proportion of flow, as in the 
impact evaluation for rivers.  For this reason, a simplified method was selected to evaluate 
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pollutant concentrations at the downstream end of the acute mixing zone for discharge of effluent 
from individual washers.  The use of multiple washers is assumed to have a redundant effect, in 
that similar pollutant concentrations can be expected at the acute mixing zone boundary 
associated with each washer.  Depending upon the spacing between individual washers, effluent 
plumes may overlap downstream of washing activities.  Elevated pollutant concentrations within 
overlapping plumes were not modeled in this study, and would require site-specific analysis 
based on washer spacing and configuration. 

Available data (WSDOT 2001, 2002b, 2002c) have shown that primary contaminants in bridge 
washing effluent are chromium, copper, lead, and zinc.  Because there is no state water quality 
standard for chromium in marine waters, this analysis was directed specifically at copper, lead, 
and zinc.  Like the analysis performed for rivers, potential water quality impacts were evaluated 
for the reasonable worst-case scenario.  Individual parameter values were selected to represent 
this scenario (as described below), and a sensitivity analysis was conducted by varying 
parameters related to the effluent and receiving water characteristics.   

The following subsections describe the data sources that were used to characterize bridge 
washing effluent pollutant concentrations and discharge rates, and receiving water pollutant 
concentrations.  The specific calculations and input data used for these analyses are described in 
the Calculations and Data Input section that follows. 

Data Sources for Effluent Characterizations 

Data sources for effluent characterizations are the same as discussed in the Water Quality Impact 
Evaluation for Rivers section above. 

Data Sources for Receiving Water Characterizations 

Data used to quantify background water quality characteristics in receiving waters were obtained 
from Ecology’s Environmental Information Management (EIM) system.  U.S. EPA’s STORET 
Legacy Data Center (LDC) was also queried, but insufficient data from marine waters were 
available.   

For this analysis, the EIM database system was queried to obtain background water quality data 
for the target parameters (i.e., copper, lead, zinc) in marine systems.  As noted above, the results 
from this analysis must be extrapolated to numerous WSDOT bridge washing locations.  
Because the EIM system contains compiled information from studies that occurred throughout 
the state, it was assumed that data obtained from these sources would provide the most 
representative characterization of receiving water quality for this purpose.   

Calculations and Data Inputs 

CORMIX is a steady state hydrodynamic model that is commonly used to analyze regulatory 
mixing zones.  The model is designed to model pipe or diffuser outfall discharges, therefore 
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application to bridge washing effluent requires the use of simplifying assumptions.  It was 
determined that the most appropriate way to apply CORMIX to bridge washing effluent was to 
model the effluent as a diffuser discharge at the surface of the receiving water.  CORMIX2 is the 
module of CORMIX that models diffuser discharges, but only allows submerged diffuser 
configurations.  To estimate mixing of a discharge at the water surface, CORMIX2 can be 
applied in reverse (a mirror image) using a discharge at the receiving water bottom with a 
negatively buoyant effluent (Doneker 2003 personal communication).  This method requires 
recalculation of the density of the effluent so that it displays negative buoyancy equal in 
magnitude to the positive buoyancy in the real system.  

The specific data that were used as input for this analysis are briefly described in the following 
subsections with any associated assumptions. 

Effluent Data 
Discharge Configuration 
Bridge washing effluent discharges to receiving waters in a dispersed fashion similar to 
precipitation.  This discharge occurs over a limited area centered under the washing activity.  To 
analyze the impact of this discharge on receiving waters, it was assumed that the width over 
which bridge washing effluent from a single washer is dispersed at any one time measures 6.6 
feet (2 meters) (along bridge face and perpendicular to ambient flow).  

To model this configuration, a diffuser structure was created in CORMIX2 that is aligned at the 
bottom of the receiving water and discharges the effluent upward uniformly along it’s length.  As 
mentioned above, the discharge is being modeled as a mirror image, so that with revised density 
values (see below) this configuration will model a downward-facing discharge at the receiving 
water body surface. 

The number of diffuser ports and port diameter values were designed to produce an effluent 
velocity approximately equal to that which would be expected from the free-falling effluent.  
Because the effluent discharge is diffuse like precipitation, the terminal velocity of an average 
rain drop, or approximately 6.5 meters per second (Weather Almanac 2003), was used.  As a part 
of the sensitivity analysis to address uncertainty in model parameters, the effect of increasing the 
velocity value to the terminal velocity of a large rain drop, or approximately 9 meters per second 
(Weather Almanac 2003), was also investigated. 

The effluent discharge was assumed to occur away from the receiving water bank (10 meters 
away in the CORMIX model).  However, the effect of discharge at the receiving water bank was 
also investigated in the sensitivity analysis. 

Density 

Wash water effluent density was estimated as 999 kilograms per cubic meter (kg/m3) based on a 
temperature of 14.4 degrees Celsius using a diagram in Jirka, et al. (1996).  This temperature 
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represents the maximum measured in the WSDOT bridge washing studies (WSDOT 2001, 
2002b, 2002c).  This value is 25 kg/m3 less than that estimated for the receiving water (see 
below).  Because a mirror-image configuration was used, the effluent density value was 
recalculated as 1049 kg/m3 (25 kg/m3 greater than the receiving water density) for use in the 
CORMIX2 model. 

Discharge Rate 

According to Ecology guidance documents (Ecology 1997a, 2002), a worst-case effluent 
discharge rate must be used when performing a reasonable potential determination.  More 
specifically, Ecology indicates that the maximum discharge rate that can occur should be used as 
the reasonable worst-case scenario for intermittent effluent streams like those observed during 
WSDOT’s bridge washing operations.  

Effluent discharge rates for this analysis were derived from the WSDOT bridge washing studies 
(WSDOT 2001, 2002b, 2002c, 2003; included in Appendix B).  Effluent discharge rate data from 
these studies are summarized in Table 1.  For the reasonable worst-case estimate evaluated for 
this analysis, it was assumed that a single washer would be operating at a rate of 3 gallons per 
minute.  Discharge rates are assumed to be equal for bridges and marine transfer spans, though 
the duration of washing activities would be less for the transfer spans due to lower steel surface 
area (Hamacher 2003 personal communication). 

Pollutant Concentrations 

Effluent pollutant concentrations are the same as discussed in the Water Quality Impact 
Evaluation for Rivers section above. 

Receiving Water Data 
Depth 
Average depth and depth at discharge were estimated at 6.6 feet (2 meters) to represent relatively 
shallow conditions.  As a part of the sensitivity analysis to address uncertainty in model 
parameters, the effect of a more shallow depth (3.3 feet [1 meter]) on model results was also 
investigated. 

Current Velocity 

In the absence of site-specific current velocity data, the Guidance for Conducting Mixing Zone 
Analyses (Ecology 1997a) states that “a sensitivity analysis should be run using a wide range of 
possible velocities which could reasonably occur for any 1-hour duration”, and that the velocity 
which produces the lowest dilution should be considered the critical velocity.  Preliminary model 
runs indicated that lower dilution occurred at lower velocities, representing the critical condition.  
A reasonable low velocity was estimated at 0.08 feet per second (0.025 meters per second) based 
on professional judgment.  As a part of the sensitivity analysis to address uncertainty in model 
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parameters, a range of values from 0.033 feet per second (0.01 meters per second) to 0.33 feet 
per second (0.1 meters per second) were also evaluated. 

Wind Speed 

Wind speed is not expected to have a great effect on mixing within the acute mixing zone.  A 
value of 2 meters per second was used based on recommendations of Jirka, et al. (1996).  As a 
part of the sensitivity analysis to address uncertainty in model parameters, the effect of wind 
speed on model results was investigated by using an alternate value of 0 meters per second. 

Friction Factor 

In the absence of site specific data, a value of 0.025 was selected based on recommendations of 
Jirka, et al. (1996).  As a part of the sensitivity analysis to address uncertainty in model 
parameters, the effect of friction factor on model results was investigated by using an alternate 
value of 0.020. 

Density 

Density of the receiving water was estimated at 1,024 kilograms per cubic meter, based on 
salinity and temperature statistics taken from Ecology’s EIM database.  The 90th percentile 
salinity value (30.4 parts per thousand) and 10th percentile temperature value (8.3 degrees 
Celsius) from the EIM data were used to estimate this density value using a diagram in Jirka, et 
al. (1996). 

Background Pollutant Concentrations 

Ecology (2002) guidelines for performing an analysis of reasonable potential specify different 
methods for determining background pollutant concentrations in the receiving water based on the 
amount of data available.  If 20 or fewer samples are available for characterizing background 
pollutant concentrations, the geometric mean of the receiving water should be multiplied by a 
factor of 1.74 to estimate the 90th percentile.  If more than 20 samples are available, the 
receiving water background concentration is defined as the 90th percentile value derived from a 
cumulative frequency distribution analysis of data collected during a period of critical condition. 

As noted above, background pollutant concentrations for this analysis were obtained through 
queries of Ecology’s EIM system.  The data from this initial query were further processed as 
follows: 

1. Data from receiving waters that are on Washington State’s 303(d) list 
were removed if the associated impairment was related to contamination 
from the target metals in this analysis.  This was done because these 
waters are not representative of typical receiving water conditions and 
would likely not be covered under any forthcoming permit from Ecology 
that addresses WSDOT’s bridge washing operations. 
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2. Individual data that exceed acute water quality standards for the target 
metals were removed.  Again, this was done because these data are likely 
not representative of typical receiving water conditions. 

The 90th percentile values for the target metals in this analysis were then computed from the data 
that remained after the steps above were completed.  The resultant values are shown in Table 4.  
These values were used in all subsequent calculations for assessing impacts to marine waters 
from WSDOT’s bridge washing operations.   

Acute Water Quality Standards for Target Metals 

Water quality standards for target metals (copper, lead, and zinc) in marine waters were taken 
from WAC 173-201A (see Table 5).  As described in the Water Quality Impact Evaluation for 
Rivers section above, the U.S. EPA allows site-specific water quality standards for metals using 
adjustment called the Water-Effect Ratio (WER).  In order to account for possible site-specific 
interactions that might alter the bioavailability and/or toxicity of heavy metals in bridge washing 
effluent, a literature search was performed to identify hypothetical WERs that could be applied 
to the acute water quality standards presented in Table 5.  Based on this research, a hypothetical 
WER of 3.005 was identified for copper in marine waters.  No suitable WERs were identified for 
the other parameters of concern in marine waters.  The WER for copper was obtained from a 
study conducted by the City of San Jose (1998) for South San Francisco Bay. 

In order to reflect potential site-specific influences on metal toxicity, the resultant hypothetical 
WER was then used to adjust the associated acute water quality standard (see Table 5).  The 
WER adjusted water quality standard was subsequently analyzed in the same way as the 
unadjusted standards and the respective results compared.  The results from this comparison 
were assessed in the reasonable potential determination for WSDOT’s bridge washing 
operations.  However, it should be stressed that this is merely a hypothetical WER for evaluating 
how the issues discussed above in relation to the development of water quality standards from 
national toxicity data might impact the overall results of this study.  At this time, WERs have not 
been specifically developed to evaluate site-specific influences on the toxicity of metals in 
WSDOT’s bridge washing effluent. 

Sediment Impact Evaluation for Rivers 

This section describes the analysis methods used to assess potential sediment impacts in streams 
due to inputs of bridge washing effluent.  The first subsection provides an overview of the basic 
approach that was used in this evaluation and identifies the data sources that provided input for 
the associated analyses.  The next subsection describes in more detail the specific calculations, 
input data, and assumptions that were used to evaluate water quality impacts in these systems. 
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Overview of Approach and Data Sources 

This section describes the methods used to assess potential impacts on sediment quality in rivers 
due to sediment inputs from bridge washing effluent.  At present, Sediment Management 
Standards (SMS) have not been defined for sediments in freshwater or low salinity systems.  
Therefore, the impacts in this section were assessed relative to marine sediment quality standards 
as defined in WAC 173-204-320, and proposed freshwater standards as identified in Ecology 
(1997b).   

Similar to the water quality impact evaluation described in previous sections, this evaluation of 
sediment impacts is not meant to be site-specific.  Rather, the analysis is meant to address 
potential impacts for the wide variety of bridge crossings where WSDOT’s washing operations 
might be performed.  Furthermore, insufficient data are available on sediment characteristics 
(e.g., particle size distributions) to perform detailed analyses of the potential impacts from bridge 
washing activities.  Therefore, this analysis should be considered a screening level evaluation of 
potential impacts and potential for violations of the SMS.  

The first step in this sediment quality evaluation was to estimate the areal extent of sediment 
deposition from bridge washing for a wide variety of bridge and waterway configurations.  
Sediment deposition is highly specific to the hydraulic and geomorphic characteristics of the 
river upstream and downstream of each bridge.  In typical mixing zone analysis of sediment 
deposition, complex mixing zone and sediment transport models such as CORMIX (Cornell 
Mixing Zone Expert System), BRI-STARS (Bridge Streamtube Model for Alluvial River 
Simulation), or EFDC-1D (Environmental Fluids Dynamics Code one-dimensional contaminant 
transport model) are used to evaluate sediment deposition characteristics from an effluent source.  
These models require assumptions for many parameters, including particle size distribution, and 
particle re-suspension rates.  They also require a significant amount of input data for sediment 
transport modeling.   

Because this evaluation of reasonable potential is not intended to address site-specific impacts, 
these types of models were considered inappropriate.   

For this analysis, a simplified modeling approach was used to evaluate whether the sediments 
from bridge washing operations will aggrade in the immediate vicinity of the bridge, or disperse 
over longer distances.  This modeling approach was based on a worst-case scenario with the 
following assumptions: 

 Grain size distribution with a high density of coarser particles passing the 
tarp mesh opening of 0.425 mm (assumes more large particles with higher 
settling velocities)  

 Rapid settlement of a perfect spherical object 

 Low river flow rates and current velocities with low Reynolds numbers 
(use 7Q10 flows) 
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 Non-cohesive sediments with no clays, very fine organics, or colloidal 
material. 

This approach to estimating sediment deposition includes sequential steps to estimate sediment 
characteristics; river flow rates; and sediment transport rates, deposition rates, and contaminant 
concentrations.  These steps include: 

1. Estimate physical characteristics of sediment 

2. Obtain 7Q10 flows and river depths 

3. Estimate average river horizontal current velocities  

4. Estimate sediment vertical settling velocities  

5. Estimate extent of sediment deposition using simple one-dimensional 
transport of horizontal and vertical velocity vectors 

6. Estimate worst case sediment concentration downstream of bridge 

To ensure that a wide variety of bridge sizes were included in the analysis, nine bridges were 
selected based on bridge length and the availability of flow data.  Of  the nine bridges, three with 
lengths less than the 10th percentile length, three with lengths between the 10th percentile and the  
50th percentile length, and three with lengths between the 50th percentile and 90th  percentile 
lengths were selected. 

As described in the water quality impact evaluation section, the primary pollutants of concern as 
a result of bridge washing include chromium, copper, lead and zinc.  Other toxic metals, 
conventional pollutants, and organic contaminants are generally not present at concentrations 
that are shown to cause significant violations of water quality criteria.  Therefore, chromium, 
copper, lead and zinc were the pollutants analyzed for  the sediment quality impact evaluation. 

Sediment quality was not directly evaluated in the available data sources described previously 
for characterizing bridge washing effluent (WSDOT 2001, 2002b, 2002c, 2003).  Therefore, 
sediment quality passing though the filter tarp was estimated using the worst case effluent water 
quality concentrations developed in the water quality analyses section of this report. 

The following subsections describe the data sources that were used to characterize background 
sediment quality concentrations; characterize the discharged sediment; and estimate flow rates 
and water depths.  The specific calculations and input data used for these analyses are described 
in the Calculations and Data Input section that follows. 
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Data Sources for Background Sediment Quality 

Data used to quantify background sediment quality characteristics in receiving waters were 
obtained from Ecology’s Environmental Information Management (EIM) system.  The EIM 
system is an environmental database, which stores physical, chemical, and biological 
environmental measurements.  Extensive ancillary information about those measurements is also 
stored, including the geographic location of the station where a sample was collected, detailed 
study information, and information about the quality of the data. 

For this analysis, the above database system was queried to obtain background sediment quality 
data for the target parameters (i.e., chromium, copper, lead, zinc) in freshwater systems.  As 
noted above, the results from this analysis must be extrapolated to numerous WSDOT bridge 
washing locations.  Because the EIM system contains compiled information from studies that 
occurred throughout the state, it was assumed that data obtained from these sources would 
provide the most representative characterization of background sediment quality for this purpose.   

Data Sources for Sediment Characterization 

Very limited data are available that specifically characterize the sediment that passes through the 
filter tarp containment system used by WSDOT.  The Illinois Department of Transportation 
(IDOT) conducted a study in 2002 that included an analyses of solids and metals reduction using 
a filter tarp similar to the one used by WSDOT (KTA-Tator 2002).  The filter tarp had an 
apparent opening size (AOS) equivalent to the US #40 sieve (0.425mm).  The IDOT study found 
a reduction in the total solids of 12.92 percent (87 percent passing) but the study did not include 
a detailed characterization of the solids for parameters such as contaminant concentrations or 
particle size distribution. 

Data Sources for River Stage and Flow Rates 

Data used to estimate river depths and flow rates were obtained from the USGS NWISWeb Data 
website for Washington (USGS 2003).  The website includes real time flow data, stage (depth) 
data for the past 18 months, and historical records and statistics for flow rates in Washington’s 
rivers.  The website does not include the low flow statistics for the 7Q10 flows.  The 7Q10 flows 
were obtained from Volume I and II of the USGS Streamflow Statistics open file report (USGS 
1985a, 1985b). 

Calculations and Data Inputs 

The following calculations and equations were used to calculate the total mass of sediment 
released from a bridge washing operation, estimated river velocity, settling velocity of sediment 
particles, and sediment quality concentrations after the sediment is deposited on the bottom of 
the river bed. 
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Background Sediment Quality 

Background sediment quality was estimated using Ecology’s Environmental Information 
Management (EIM) system for the primary pollutants of concern (chromium, copper, lead and 
zinc).  The data from this initial query were further processed as follows: 

1. Data from receiving waters that are on Washington State’s 303(d) list 
were removed if the associated impairment was related to contamination 
from the target metals in this analysis.  This was done because these 
waters are not representative of typical receiving water conditions and 
would likely not be covered under any forthcoming permit from Ecology 
that addresses WSDOT’s bridge washing operations. 

2. Individual data that exceed sediment standards for the target metals were 
removed.  Again, this was done because these data are likely not 
representative of typical receiving water conditions. 

The 90th percentile values for the target metals in this analysis were then computed from the data 
that remained after the steps above were completed.  The resultant values are shown in Table 6.  
These values were used in all subsequent calculations for assessing sediment impacts to 
freshwater from WSDOT’s bridge washing operations.     

Sediment Quality Criteria 

Currently, there are no approved freshwater sediment quality criteria for the State of 
Washington.  Ecology has developed draft guidelines (Ecology 1997b) based on the marine 
sediment quality standards (SQS) in WAC 173-204-320.  The guidelines include a comparison of 
the marine standards and recently developing Apparent Effects Threshold (AET) values.  For the 
analyses described in this report, the worst case values for the marine SQS and lowest AET were 
used to compare the estimated sediment quality concentrations downstream of the bridges (see 
Table 7). 

Sediment Mass 

The sediment mass generated by a bridge washing operation was estimated by calculating a wash 
water volume and applying the solids concentrations calculated in the water quality section of 
this report.  The wash water volume was calculated using the worst case volume from Table 1, 
assuming that washing occurred continuously over an 8 hour period.  This 8 hour period 
represents one wash event.  It was assumed that the 10th percentile length, 50th percentile length, 
and 90th percentile length  bridges required one, two, and three wash events respectively.  The 
mass of sediments (solids) and pollutants were calculated by multiplying the flow rate by the 
solids concentrations developed in the worst case water quality analysis, as shown in Tables 2 
and 3.  The sediment pollutant concentration was estimated as the total pollutant concentration 
minus the dissolved pollutant concentrations, as follows: 
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Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

No. Samples: 123 160 213 111

Mean (mg/L): 35 50 42 95
Worst Case b (mg/L): 73 98 95 180

Notes:
a Data source: Queries of Environmental Information Management (EIM) system; Ecology (2003b).
b Worst case values based on 90th percentile values from compiled metals data

Sediment Concentrationsa

Table 6.  Freshwater sediment background concentrations.
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Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

FSQVb 260 390 450 410
LAETc 280 840 260 520

Worst Case 260 390 260 410

Notes:
a Freshwater sediment criteria is not yet Established for Washington State.  Proposed criteria

presented is from draft Ecology "Creation and Analysis of Freshwater Sediment Quality
Values in Washington State"

b FSQV = Freshwater Sediment Quality Values derived from Probable Apparent Effects
Threshold (PAET) values from the marine Sediment Management Standards (SMS)

c LAET = Lowest Probable Apparent Effects Threshold

Proposed Sediment Criteria

Table 7.  Freshwater sediment criteria.
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)/(/7845.3min/608min)/( LmgconcgallonLhrhrgallonFlowMassdimentSe ××××=  

River Velocity 

An average river velocity was calculated using the flow and depth data collected from the USGS 
website and historical flow volume reports (USGS 1985a, 1985b) Depths were estimated using 
the USGS website (2003) by matching the stage flow depths with the 7Q10 flows.  The width of 
the river was assumed to be the length of the bridge plus a side slope allowance based on a 3 to 1 
slope.  The width of the water in the river at lower 7Q10 values will likely be significantly less 
than the bridge width.  However, this is a conservative approach that will underestimate the river 
velocity and conservatively predict that sediments will deposit close to the bridge.  River 
velocities for the nine sample bridges are provided in Table G-2 of Appendix G.  

Settling Velocity 

The following equation relates the terminal settling velocity of a smooth, rigid sphere in a 
viscous fluid of known density and viscosity when subjected to a known force to the diameter of 
the sphere.  The calculations are shown in detail in Appendix G.  The equation is:  
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d = size ("equivalent" diameter) of particle (ft), 
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where: 

Re = Reynolds Number 
µ = viscosity of water (lb sec-1 ft-1). 
 

This calculation is iterative.  An initial velocity is required to determine the level of turbulence 
(Reynolds number) and drag coefficient.  The equation is used to calculate the new velocity, and 
the procedure is repeated until the initial and final velocities are equal.  Stokes law, assuming 
laminar flow, is used to estimate the initial starting velocity.   
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The settling velocity was calculated for various sphere sizes based on a grain size distribution.  A 
theoretical grain size distribution was developed assuming that the sediment in the wash water is 
similar to a non-cohesive fine sand and silt, much like the solids content in stormwater runoff.  
This is a conservative assumption because a non-cohesive sediment will settle faster than a 
cohesive solid with colloidal-type organic matter.  The US Army prepared a technical manual for 
their central vehicle wash facilities that includes a typical non-cohesive washwater sediment 
gradation (U.S. Army 1992).  The gradation included mostly fine sands and silts and a percent 
passing of the #40 sieve of 87 percent, which matches the percent passing for the filter tarps in 
the IDOT study.  For this study, the particle size distribution curve was normalized to represent 
the materials gradation passing though the tarp as shown on Table 8. 

Sediment Quality 

The estimated concentrations of chromium, copper, lead, and zinc in sediment discharged from 
bridge washing activities are presented in Table 9.  These concentrations are displayed separately 
for different particle size ranges based on the distribution shown in Table 8.  The sediment is 
deposited in a zone downstream of the bridge based on the horizontal and vertical settling 
velocities for each particle size.  First the time to settle is determined as: 

 
)/(

)()(
sftVelocitySettling

ftDepthsSettletoTime = 
 
Next the distance traveled for each particle size is calculated by: 

 
)/()()( sftVelocityRiversSettletoTimefteistancD ×= 

 
The migration zone is determined for each particle size as the average length between settling 
distance for each particle size multiplied by the width of the river. 

 
 )()()2( ftWidthRiverftLengthestancDiSettlingftZoneMigration ×=
 
The metals concentration in the sediment is then estimated for each sediment migration zone to 
determine the maximum sediment quality concentrations downstream of the bridge.  Using this 
approach, it is assumed that the sediment is evenly deposited over the river bed in each zone.  To 
obtain pollutant concentration, an effective sample volume is required that would represent the 
volume of the sample.  The sampling protocol from Section 7 of Technical Guidance for 
Assessing the Quality of Aquatic Environments (Ecology 1992) suggests a sample depth of two 
centimeters.  Therefore, the concentration increase due to the wash water sediment is calculated 
as: 
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0.425 87% 100.0%
0.363 21.8%

0.3 68% 78.2%
0.265 20.7%

0.23 50% 57.5%
0.215 11.5%

0.2 40% 46.0%
0.150 23.0%

0.1 20% 23.0%
0.075 10.3%

0.05 11% 12.6%
0.035 6.9%

0.02 5% 5.7%
0.0125 5.7%

0.005 0% 0.0%

Data Source: Chapter 3 of US Army's Technical Memorandum for Central Vehicle Wash Facilities
Sediment gradation based on typical non-cohesive soil comprising fine sand and silt

Table 8.   Sediment gradation.

Percent 
Composition for 

mean particle 
size

Sieve Size
(mm)

Percent passing
(total)

Percent 
passing 

(sediments to 
river)

Mean Particle 
Size
(mm)

wp/02-02217-010 Tables.xls Herrera Environmental Consultants



Total Solids
(Kg)

Cr
(mg)

Cu
(mg)

Pb
(mg)

Zn
(mg)

0.363 21.8% 1.107 4,418 6,800 17,115 10,100
0.265 20.7% 1.049 4,185 6,442 16,215 9,569
0.215 11.5% 0.583 2,325 3,579 9,008 5,316
0.150 23.0% 1.165 4,650 7,158 18,016 10,632
0.075 10.3% 0.524 2,093 3,221 8,107 4,784
0.035 6.9% 0.350 1,395 2,147 5,405 3,190

0.0125 5.7% 0.291 1,163 1,790 4,504 2,658

Total 5.069 20,228 31,138 78,371 46,248

Data Source: Chapter 3 of US Army's Technical Memorandum for Central Vehicle Wash Facilities
a Mass calculated using worst case wash water generation estimates from Table 1 over a wash period of 8 hours

Mass assumes one washing event
b Mass concentrations calculated from worst case total metal concentrations from Table 2 minus the worst

case dissolved concentrations from Table 3

Percent 
Composition 

for mean 
particle size

Massa
Mean Particle 

Size
(mm)

Table 9.   Mass of solids and heavy metals in sediments released to river.
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This calculation does not assume a total pollutant concentration.  Background concentrations 
(see Table 6) are added to the above concentration to represent a total pollutant concentration. 

Sediment Impact Evaluation for Marine Systems 

This section describes the analysis methods used to assess potential sediment impacts in marine 
systems due to inputs of bridge washing effluent.  The first subsection provides an overview of 
the basic approach that was used in this evaluation and identifies the data sources that provided 
input for the associated analyses.  The next subsection describes in more detail the specific 
calculations, input data, and assumptions that were used to evaluate water quality impacts in 
these systems. 

Overview of Approach and Data Sources 

This section describes the methods used to assess potential impacts on sediment quality in a 
marine environment as per the marine sediment management standards (SMS) defined in WAC 
173-204-320 due to sediment inputs from bridge washing effluent. 

The approach for estimating sediment deposition and quality is similar to the river sediment 
approach (see previous section).  As with all evaluations in this report, the marine sediment 
quality evaluation is not meant to be site-specific.  Rather, the analysis is meant to address 
potential impacts for a variety of bridge crossings with conservative assumption.  Furthermore, 
insufficient data are available on sediment characteristics (e.g., particle size distributions) to 
perform detailed analyses of the potential impacts from bridge washing activities.  Therefore, 
this analysis should be considered a screening level evaluation of potential impacts and potential 
for violations of the SMS similar to that conducted for the river sediment evaluation.  

Similar to the river sediment quality analysis, sediment quality was not directly evaluated in the 
available data sources described previously for characterizing bridge washing effluent (WSDOT 
2001, 2002b, 2002c, 2003).  Sediment quality was estimated using the worst case effluent water 
quality concentrations developed in the water quality analyses section of this report. 

The following sections describe the data sources that were used to characterize background 
sediment quality concentrations; estimate the sediment quantities generated from bridge 
washing; and estimate flow rates and water depths.  The specific calculations and input data used 
for these analyses are described in the Calculations and Data Input section that follows. 
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Data Sources for Background Sediment Quality 
Similar to the river sediment quality analysis described above, chromium, copper, lead and zinc 
data were obtained from Ecology’s Environmental Information Management (EIM) system to 
characterize background marine sediment quality.   

Data Sources for Sediment Characterization 
The same wash water effluent sediment characteristics used for the river sediment evaluation  
were used for the marine sediment evaluation (see previous section). 

Data Sources for Flow Velocity 
Data used to estimate marine tidal flow velocities are described in the marine water quality 
section of this report.  Velocities developed for the water quality analysis were used for the 
marine sediment impact evaluation. 

Calculations and Data Inputs 
The following calculations and equations were used to calculate the total mass of sediment 
released from a bridge washing operation, estimated trade velocity, settling velocity of sediment 
particles, and sediment quality concentrations after the sediment is deposited. 

Background Sediment Quality 
Background sediment quality data was characterized using data from Ecology’s EIM database 
(see Table 10). 

Sediment Quality Criteria 
The marine sediment quality criteria for the State of Washington are defined in WAC 173-204-
320.  The criteria for the pollutants of concern, chromium, copper, lead, and zinc, are shown in 
Table 11. 

Sediment Mass 

The sediment mass generated by a bridge washing operation was estimated by calculating a wash 
water volume and applying the solids concentrations calculated in the water quality section of 
this report.  The wash water volume used for the marine sediment evaluation assumed the worst 
case effluent volume from Table 1, one washing event occurring continuously over an 8 hour 
period, and 3 washing events used in total.  Three washing events is a very conservative estimate 
for the marine environment given that the washing would be spread out over a one to two month 
period and the tidal influences would likely spread the initial sediment loadings from the first 
wash over a larger area and hence diluting the maximum sediment concentration. 

 eventsLmgconcgallonLhreventhrgallonFlowMass 3)/(/7845.3min/60/8min)/( ×××××=
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Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

No. Samples: 116 127 137 128
Mean (mg/L) 34 58 43 102
Worst Case (mg/L) 45 132 116 237

Notes:
a Data source: Queries of Environmental Information Management (EIM) system; Ecology (2003b).
b Worst case values based on 90th percentile values from compiled metals data

Sediment Concentrations

Table 10.  Marine sediment background concentrations.

wp/02-02217-010 Tables.xls Herrera Environmental Consultants



Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

260 390 450 410

Notes:
a Marine sediment criteria taken from WAC 173-204 - Sediment 

Management Standards (SMS)

Sediment Criteriaa

Table 11.  Marine sediment criteria.

wp/02-02217-010 Tables.xls Herrera Environmental Consultants



Preliminary Water and Sediment Quality Impact Analysis 

Tidal Water Velocity 

A tidal water velocity of 0.1 meters per second (0.33 feet per second) was used as developed and 
described in the marine water quality evaluation (see previous section).  The velocity is assumed 
to be constant throughout the length of the bridge. 

Settling Velocity 

Settling velocities for each particle size was calculated using the same methodology described 
fro the river sediment evaluation (see previous section).  The calculations assumed a density of 
marine water of 64 pounds per cubic feet.  The calculations are shown in detail in Table G-3 in 
Appendix G. 

Sediment Quality 

Sediment quality estimates for several distances away from the bridge were calculated using the 
same migration zone and horizontal and vertical velocity vector methodology described for the 
river sediment evaluation (see previous section).   
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Results 

The section presents results from the analyses that were performed for this water quality impact 
evaluation.  The presentation of these results is organized into four separate subsections analyses 
performed to evaluate water quality and sediment impacts in rivers and marine waters.  The 
conclusions that are derived from these results are then discussed collectively in a subsequent 
section. 

Water Quality Impact Evaluation for Rivers 

The minimum flow rates and dilution ratios that would be needed to meet acute water quality 
standards in rivers given a worst-case scenario for bridge washing effluent discharge are shown 
in Tables 12 and 13, respectively.  More detailed summaries for the associated analyses are also 
presented in Appendix D.  These results show that there is a reasonable potential to violate acute 
water quality standards for all the target parameters (i.e., chromium, copper, lead, and zinc) that 
were evaluated, regardless of what type of data were used as input in the analysis.   

However, the minimum flow rate needed to meet acute water quality standards varies markedly 
depending on whether the analyses are based on total recoverable or dissolved metal 
concentrations, and whether the acute water quality standards are adjusted or not adjusted using a 
WER.  For example, the minimum required discharge rates required to prevent acute water 
quality standard exceedences for all the target metals are 4,262 and 7,929 cfs for Eastern and 
Western Washington rivers, respectively, when the analysis is performed based on total 
recoverable metal concentrations.  If WER adjusted water quality standards are used with the 
same total recoverable metal data, the minimum required discharge rates for preventing 
exceedences drop to 1,037 and 1.544 cfs for Eastern and Western Washington rivers, 
respectively.  The most dramatic differences, however, are observed between the results based on 
total recoverable metals versus dissolved metals.  For example, the minimum required discharge 
rates for preventing water quality exceedences are only 327 and 332 cfs for Eastern and Western 
Washington rivers, respectively, based on an analysis of the dissolved metal concentrations.  If 
the same data are used with WER adjusted acute water quality standards, the minimum required 
discharges rates drop to only 218 and 311 cfs for Eastern and Western Washington rivers, 
respectively.   

When performing an analysis of reasonable potential, Ecology (1997a, 2002) guidelines require 
water quality impacts in streams to be assessed relative to critical, low flow conditions.  More 
specifically, these impacts are to be assessed for the river discharge rate that is equivalent to the 
7-day low flow period having a recurrence interval of 10 years (otherwise known as the 7Q10 
low flow).  To provide some frame of reference for interpreting the minimum river discharge 
rates reported above, the 7Q10 low flow value for the Cedar River at the location of WSDOT 
bridge 900/020 (Cedar River at Renton) is 51 cfs.  Similarly, the 7Q10 low flow values for the 
Columbia at the location of WSDOT bridges 017/401 (Columbia at Bridgeport) and 097/420  
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Cr Cu Pb Zn Maximum Cr Cu Pb Zn Maximum

Based on measured total recoverable metals
Eastern Washington: 43 4,262 2,341 896 4,262 22 1,037 588 597 1,037
Western Washington: 58 7,929 3,640 1,315 7,929 29 1,544 889 852 1,544
Maximum: 58 7,929 3,640 1,315 7,929 29 1,544 889 852 1,544

Based on measured dissolved metals
Eastern Washington: 0.6 287 48 327 327 0.3 70 13 218 218
Western Washington: 0.8 332 75 299 332 0.4 104 19 311 311
Maximum: 0.8 332 75 327 332 0.4 104 19 311 311

To meet Acute Water Quality Standard (CFS) To meet WER Adjusted Acute Water Quality Standard (CFS)

Table 12.  Mininum river discharge rates (in cubic feet per second) that would be required to meet acute water standards.
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Cr Cu Pb Zn Maximum Cr Cu Pb Zn Maximum

Based on measured total recoverable metals
Eastern Washington: 27 2,657 1,459 559 2,657 14 646 367 372 646
Western Washington: 36 4,943 2,269 820 4,943 18 962 554 531 962
Maximum: 36 4,943 2,269 820 4,943 18 962 554 531 962

Based on measured dissolved metals
Eastern Washington: 0.4 179 30 204 204 0.2 44 8 136 136
Western Washington: 0.5 532 47 480 532 0.2 65 12 194 194
Maximum: 0.5 532 47 480 532 0.2 65 12 194 194

To Meet Acute Water Quality Standard To meet WER Adjusted Acute Water Quality Standard 

Table 13.  Minimum river dilution factors that would be required to meet acute water standards (river CFS/wastewater CFS).
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 Preliminary Water and Sediment Quality Impact Analysis 

(Columbia at Beebe) are 41,135 and 47,569 cfs, respectively.  Additional 7Q10 low flow values 
for selected Western Washington rivers and streams have been compiled in Appendix E.  Based 
on these data, it can be inferred that there is a reasonable potential for acute water quality 
standards to be exceeded in small to medium sized streams during critical, low flow periods due 
to inputs of bridge washing effluent.  However, as noted above, the type of data used in the 
analyses has significant influence on the minimum discharge thresholds for observing these 
exceedances.  

The following subsections discuss the results for each of the respective target metals in more 
detail: 

Chromium 

These analyses show that the minimum river discharge rate required to meet acute water quality 
standards is lowest for chromium relative to the other target parameters evaluated (Table 12).  
For example, river discharge rates must be at least 43 cfs in Eastern Washington to meet the 
acute water quality standard based on an evaluation of total recoverable metal concentrations and 
assuming no WER adjustment.  Similarly, river discharge rates in Western Washington must be 
at least 58 cfs using the same analysis assumptions.  Using dissolved metal concentrations and 
assuming no WER adjustment, river discharge rates in Eastern and Western Washington must be 
at least 22 and 29 cfs, respectively.  Based on these results, chromium does not appear to be a 
significant constraining parameter for WSDOT’s bridge washing operations.    

Copper 

Relative to the other metals evaluated, copper appears to be the primary constraining parameter 
for meeting acute water quality standards (Table 12).  For example, using total recoverable 
concentrations and no WER adjustment, river discharge rates in Eastern and Western 
Washington rivers must be at least 4,262 and 7,929 cfs, respectively, in order to meet the acute 
water quality standard for copper.  By way of comparison, the minimum required discharge rate 
for all the other metals evaluated is less than 3,700 cfs using same analysis assumption.  
Similarly, the minimum required river discharge rates are relatively high for copper in 
comparison to other metals when the analyses are performed based on dissolved metal 
concentrations.  For example, using dissolved metal concentrations and assuming no WER 
adjustment, river discharge rates in Eastern and Western Washington must be at least 287 and 
322 cfs, respectively, in order to meet the acute water quality standard for copper.     

Lead 

Relatively high river discharge rates are also required to meet the acute water quality standard 
for lead (Table 12).  For example, using total recoverable concentrations and assuming no WER 
adjustment, river discharge rates in Eastern and Western Washington rivers must be at least 
2,341 and 3,640 cfs, respectively, in order to meet the acute water quality standard for lead.  
Based on this information, lead also appears to be a constraining parameter for WSDOT’s bridge 
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washing operations.  However, lead appears to be less of a concern when the analysis is 
performed using dissolved metal concentrations.  For example, river discharge rates in Eastern 
and Western Washington must be at least 48 and 75 cfs, respectively, in order to meet the acute 
water quality standard for lead based dissolved metal concentrations and assuming no WER 
adjustment.  These discharge rates are generally lower than those observed for copper and zinc 
using the same analysis assumptions (see proceeding and following subsections).   

Zinc 

Zinc appears to be a constraining parameter for meeting acute water quality standards when the 
analyses are performed based on dissolved metal concentrations (Table 12).  For example, using 
dissolved concentrations and assuming no WER adjustment, river discharge rates in Eastern and 
Western Washington rivers must be at least 327 and 299 cfs, respectively, in order to meet the 
acute water quality standard for zinc.  These minimum discharge rates are approximately equal 
to those obtained for copper using the same analysis assumptions.   

Water Quality Impact Evaluation for Marine Waters 

Results from the water quality impact evaluation for marine waters are summarized in Table 14.  
More detailed tables summarizing model input parameters and results for all model runs are 
presented in Appendix F.  These results suggest that acute water quality standards for all the 
target parameters (i.e., copper, lead, and zinc) would potentially be violated based on the bridge 
washing scenarios that were evaluated. 

Model results indicate that acute water quality standards would be exceeded for all target metals 
using effluent metals concentrations developed from measured total recoverable metals values 
(based on Ecology guidance [Ecology 2002]).  However, when effluent metals concentrations 
developed from measured dissolved metals values were used, acute water quality standards are 
only exceeded for copper. 

As discussed in the Methods section, water quality standards can be adjusted if an appropriate 
Water Effect Ratio is developed for the project location.  No WER has been developed for the 
target metals in marine waters in Washington.  The acute water quality standard for copper was 
adjusted using a hypothetical WER value developed for South San Francisco Bay to determine 
what effect it might have on the impact evaluation results.  When model results were compared 
against this lower standard, the estimated copper concentration still exceeded the adjusted water 
quality standard when effluent concentrations were developed from total recoverable metals data.  
However, when dissolved metals data were used to develop effluent concentrations, the 
estimated copper concentration meets the WER, adjusted standard. 

The following subsections discuss modeling results for each of the target metals, along with 
results of sensitivity analyses conducted to address uncertainty in input parameters. 
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Cu Pb Zn

CORMIX model results
Based on measured total recoverable metals 0.050 0.290 0.135
Based on measured dissolved metals 0.0060 0.0127 0.0615

Acute water quality standard 0.0048 0.2100 0.0900
WER-adjusted acute water quality standard 0.0144 n.a. n.a.

All metals concentrations and water quality standards shown are in the dissolved form.
Values in boldface exceed the acute water quality standard.

Table 14.  Target metals concentrations (in mg/L) at the acute 
                  mixing zone boundary in marine waters.
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Copper 

Copper concentrations estimated at the acute mixing zone boundary exceed the water quality 
standard when both total recoverable and dissolved metals values were used to develop effluent 
concentrations.  These results are displayed in Table 14 and in Table 15, which also presents 
results from the sensitivity analysis, described below.  A complete table of model input 
parameters and results is provided in Appendix F. 

As described in the Methods section, a sensitivity analysis was conducted by varying selected 
model input parameters to investigate their effect on the results (see Table 15).  While results 
vary with varying input parameter values, all copper concentrations exceed the water quality 
standard at the acute mixing zone boundary when effluent concentrations were based on total 
recoverable values.  Copper concentrations estimated when effluent concentrations were based 
on dissolved metals values meet the water quality standard only in two cases: higher current 
velocity and lower water depth.  

Estimated copper concentrations using lower and higher receiving water current velocity values 
were lower than using the base input value.  These results indicate that the selected current value 
of 0.08 feet per second (0.025 meters per second) is a better estimate of the critical (reasonable 
worst-case) condition.  Estimated concentrations were slightly higher when discharge was 
modeled at the bank, and less when higher effluent discharge velocity and lower water depth 
values were used.  Varying wind speed and friction factor values did not have a substantial 
influence on model results. 

Lead 

The lead concentration estimated at the acute mixing zone boundary exceeds the water quality 
standard when total recoverable metals values were used to develop effluent metals 
concentrations.  When dissolved metals values were used to develop effluent concentrations, the 
estimated lead value falls well below the standard.  These results are displayed in Table 14 and in 
Table 16, which also presents results from the sensitivity analysis, described below.  A complete 
table of model input parameters and results is provided in Appendix F. 

As described in the Methods section, a sensitivity analysis was conducted by varying selected 
model input parameters to investigate their effect on the results (see Table 16).  When effluent 
concentrations were based on total recoverable metals values, lead concentrations estimated in 
the sensitivity analysis meet the water quality standard at the acute mixing zone boundary in only 
two cases: higher current velocity and lower water depth.  Lead concentrations estimated when 
effluent concentrations were based on dissolved metals values meet the water quality standard 
under all sensitivity analysis model runs.  

Estimated lead concentrations using lower and higher receiving water current velocity values 
were lower than using the base input value.  These results indicate that the selected current value 
of 0.08 feet per second (0.025 meters per second) is a better estimate of the critical (reasonable  
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Model Run

Cu - Based on Total 
Recoverable Metals 

Data

Cu - Based on 
Dissolved Metals 

Data

Base input parameters 0.050 0.0060

Lower current velocity 0.043 0.0055
Higher current velocity 0.015 0.0032
Higher effluent discharge velocity 0.038 0.0051
Bank discharge 0.054 0.0064
Lower water depth 0.017 0.0034
Lower wind speed 0.051 0.0061
Lower friction factor 0.050 0.0060

All metals concentrations and water quality standards shown are in the dissolved form.
Values in boldface exceed the acute water quality standard for copper in marine waters (not
WER-adjusted), 0.0048 mg/L.

Table 15.   Sensitivity analysis of copper concentrations (in mg/L)  
                   at the acute mixing zone boundary in marine waters.
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Table 16.    Sensitivity analysis of lead concentrations (in mg/L) at

Model Run

Pb - Based on Total 
Recoverable Metals 

Data
Pb - Based on 

Dissolved Metals Data

Base input parameters 0.290 0.0127

Lower current velocity 0.249 0.0123
Higher current velocity 0.082 0.0107
Higher effluent discharge velocity 0.219 0.0120
Bank discharge 0.315 0.0130
Lower water depth 0.095 0.0108
Lower wind speed 0.294 0.0128
Lower friction factor 0.290 0.0127

All metals concentrations and water quality standards shown are in the dissolved form.
Values in boldface exceed the acute water quality standard for lead in marine waters, 0.21 mg/L.

         the acute mixing zone boundary in marine waters.
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worst-case) condition.  Estimated concentrations were slightly higher when discharge was 
modeled at the bank, and less when higher effluent discharge velocity and lower water depth 
values were used.  Varying wind speed and friction factor did not have a substantial influence on 
model results. 

Zinc 

The zinc concentration estimated at the acute mixing zone boundary exceeds the water quality 
standard when total recoverable metals values were used to develop effluent metals 
concentrations.  When dissolved metals values were used to develop effluent concentrations the 
estimated zinc value falls well below the standard.  These results are displayed in Table 14 and in 
Table 17, which also presents results from the sensitivity analysis, described below.  A complete 
table of model input parameters and results is provided in Appendix F. 

As described in the Methods section, a sensitivity analysis was conducted by varying selected 
model input parameters to investigate their effect on the results (see Table 17).  When effluent 
concentrations were based on total recoverable metals values, zinc concentrations estimated in 
the sensitivity analysis meet the water quality standard at the acute mixing zone boundary in only 
two cases: higher current velocity and lower water depth.  Zinc concentrations estimated when 
effluent concentrations were based on dissolved metals values meet the water quality standard 
under all sensitivity analysis model runs. 

Estimated zinc concentrations using lower and higher receiving water current velocity values 
were lower than using the base input value.  These results indicate that the selected current value 
of 0.08 feet per second (0.025 meters per second) is a better estimate of the critical (reasonable 
worst-case) condition.  Estimated concentrations were slightly higher when discharge was 
modeled at the bank, and less when higher effluent discharge velocity and lower water depth 
values were used.  Varying wind speed and friction factor did not have a substantial influence on 
model results. 

Sediment Impact Evaluation for Rivers 

The results of the river sediment evaluation are summarized in Table 18.  More detailed results 
are provided in Tables H-1, H-2, and H-3 of Appendix H for several zones downstream of the 
bridge.  Table 18 includes the total estimated contaminant concentrations in sediment that results 
from a bridge washing effluent discharge.  The applicable worst-case sediment standards for 
chromium, copper, lead, and zinc are also presented, for comparison.  These results indicate that 
there is low potential for sediment quality standards to be exceeded as a result of sediments 
settling from bridge wash water.  For chromium, copper, and zinc, the projected concentration 
increase compared to background concentrations is less than 10 percent.  Lead concentrations 
increased approximately 24 percent, but are still less than 61% of the proposed freshwater worst-
case sediment standards.  As discussed in the methods section, these sediment concentration 
estimate calculations are based on extremely conservative assumptions.  For example, this  
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Table 17.     Sensitivity analysis of zinc concentrations (in mg/L) at the
                    acute mixing zone boundary in marine waters.

Model Run
Zn - Based on Total 

Recoverable Metals Data

Zn - Based on 
Dissolved Metals 

Data

Base input parameters 0.135 0.0555

Lower current velocity 0.117 0.0487
Higher current velocity 0.047 0.0217
Higher effluent discharge velocity 0.105 0.0439
Bank discharge 0.145 0.0594
Lower water depth 0.052 0.0237
Lower wind speed 0.136 0.0560
Lower friction factor 0.134 0.0553

All metals concentrations and water quality standards shown are in the dissolved form.
Values in boldface exceed the acute water quality standard for zinc in marine waters, 0.09 mg/L.
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Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

507/008 Skookumchuck 83 113 134 203
006/008 Willapa 89 123 158 217
900/020 Cedar 78 106 115 192
005/140 Toutle 76 103 107 187
203/106 Skykomish 75 101 103 182
014/201 White Salmon 75 101 103 185
101/204 Queets 77 104 109 188
542/010 Nooksack 75 101 104 185
395/545 Columbia 73 98 95 180

Proposed Criteria 260 390 260 410

Notes:
a Sediment concentrations = background concentrations (Table 7) plus concentration increase at worst case zone downstream

of bridge (Tables 11 through 13)

Table 18.  Sediment concentrations for worst case areas downstream of bridge.

50th

90th

Bridge ID
Worst Case Sediment Concentrations

RiverPercentile 
Lengths

10th
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analysis assumed rapid settlement of the sediment, no scour to disperse sediment, no sediment 
re-suspension that might allow further migration and dilution downstream, and low current 
velocities.   

The results of this analysis indicate that effluent discharges from washing the larger 90th 
percentile length bridges   have very little impact on sediment quality, even under the low flow 
scenario.  For these bridges, the sediment concentrations increased by approximately 0.5 percent 
to 5 percent over background.  Effluent discharges from washing the smaller 10th percentile 
length bridges caused the highest increase in metals concentrations, approximately 6 percent to 
24 percent over the background sediment concentrations, nonetheless the sediment quality 
concentrations still did not exceed the worst case proposed sediment quality standards.  These 
higher metal concentrations in the sediments were a result of very low river flow rates of 20 to 
50 cfs and rapid deposition of the sediments near the bridge.  Given that these low flow rates are 
five to ten times less than the minimum flow rates required to meet the criteria for water quality 
standards (see previous section), the results suggest that bridge washing effluent impacts on 
sediment quality are not the driving regulatory constraint associated with bridge washing. 

Sediment Impact Evaluation for Marine Waters 

The results of the marine sediment quality evaluation and estimates for the total pollutant 
concentrations in sediments from a bridge washing effluent discharge are summarized in Table 
19.  More detailed results are provided in Table H-4 of Appendix H.  For comparison, Table 19 
includes the applicable marine sediment management standards (SMS) for chromium, copper, 
lead, and zinc as derived from WAC 173-204-320.  These results indicate that there is low 
potential for sediment quality standards to be exceeded as a result of sediments settling from 
bridge wash water in a marine environment. 

Sediment quality impacts were evaluated for three relatively shallow depths: two, five, and ten 
feet.  For the worst case of two feet, the increase over background concentrations was less than 8 
percent and the total pollutant concentration in sediments was approximately 21 percent, 38 
percent, 34 percent and 63 percent of the marine SMS for chromium, copper, lead, and zinc, 
respectively.  Given the results of the marine water quality analysis (see previous section), these 
results suggest that bridge washing effluent impacts on sediment quality are not the driving 
regulatory constraint associated with bridge washing in an marine environment. 
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Cr
(mg/Kg)

Cu
(mg/Kg)

Pb
(mg/Kg)

Zn
(mg/Kg)

2 55 147 153 259
5 49 137 130 245

10 48 136 127 243

SMS Criteria 260 390 450 410

Notes:
a Sediment concentrations = background concentrations (Table 15) plus concentration increase 

at worst case zone downstram of bridge (Table 17)

Water Depth
(ft)

Worst Case Sediment Concentrations

                  deposition area.
Table 19.   Sediment concentrations for marine environment for worst 
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Discussion and Conclusions 

As noted previously, the water quality standards for both river and marine systems are defined in 
WAC 173-201A.  These standards were established based on existing and potential uses of the 
surface water of the state including: 1) aquatic life uses, 2) water contact recreation uses, and 3) 
shellfish harvesting.  Pursuant to these standards, toxic substances such as heavy metals may not 
be introduced into waters of the state at levels that have the potential either singularly or 
cumulatively to adversely affect these characteristic uses.  Similarly, sediment quality standards, 
as defined in WAC 173-204A, were promulgated to reduce or eliminate adverse effects on 
biological resources and significant health threats to humans from surface sediment 
contamination.  Both the surface water and sediment standards must be considered when 
assessing compliance with the state surface water quality standards.  Where a reasonable 
potential determination indicates that these water quality standards may be violated due to an 
effluent discharge, Ecology may impose limitations or restrictions on this effluent. 

Based on the results presented in the preceding sections of this report, there appears to be a 
reasonable potential for state water quality standards to be violated in some river systems due to 
inputs of bridge washing effluent.  The results also show a reasonable potential exists for 
violating water quality standards in marine systems.  Violations of sediment standards appear 
unlikely in both rivers and marine systems.  Therefore, the remainder of this discussion focuses 
on the water quality analysis. 

A closer evaluation of the results for river systems suggests that there are three broad categories 
of rivers systems with differing levels of potential impact from bridge washing effluent.  Thus, 
any future effluent limits associated with bridge washing activities would be expected to address 
the specific conditions and concerns associated with each of these categories.  In general, these 
categories are differentiated on the basis of river discharge rates and the level of uncertainty in 
the associated analysis results.  These categories are defined as follows: 

Large River Systems:  Based on the data presented in Tables 12 and 13, there is 
sufficient dilution capacity in a subset of river systems with very high flow rates 
(e.g., discharge greater than 4,000 cfs) such that water quality violations would 
not occur for any of the target metals evaluated in this analysis.  Presumably, no 
future effluent limits would be required for these systems. 

Medium River Systems:  For a subset of medium sized rivers (e.g., discharge 
between 200 and 4,000 cfs), the uncertainties in the data and analyses make it 
difficult to make definitive conclusions regarding potential water quality 
violations from bridge washing effluent.  These uncertainties stem from the issues 
discussed above in relation to metal translator values and potential site-specific 
influences on metal toxicity.  For these systems, the minimum river flow rates 
needed to meet acute water quality standards vary markedly depending on what 
type of data (e.g., dissolved versus total metals concentrations) are used as input 
in the analysis.  Given these uncertainties, it is likely that some type of effluent 
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limit would be imposed for river systems of this size.  However, it is also 
expected that a significant emphasis would also be placed on data collection 
efforts designed to resolve some of these uncertainties. 

Small River Systems:  For some smaller sized river systems (e.g., discharge less 
than 200 cfs), the results indicate that a reasonable potential for water quality 
violations exists even if analysis and data uncertainties are reduced.  Presumably, 
more stringent permit requirements, compliance schedules and effluent limits 
would be issued for these smaller systems. 

Unlike the river systems, the impact analysis for marine systems generally showed there was a 
reasonable potential for water quality standards to be violated despite the analysis uncertainties 
surrounding the metal translator values and potential site-specific influences on metal toxicity.  
Many of these potential violations are related to high estimated copper concentrations at the edge 
of the mixing zone, based on both total recoverable and dissolved concentrations for this 
parameter.  The water quality standard for copper was also exceeded when the associated WER 
was included in the analysis.  Presumably, more stringent permit requirements, compliance 
schedules, and effluent limits would be issued for marine systems. 

However, the modeling results from this analysis indicate that bridge wash water effluent 
discharged to marine water bodies will form a relatively thin, buoyant plume at the receiving 
water surface due to the density difference between the waters.  Therefore, it is unlikely that 
pollutant concentrations that exceed water quality standards will harm fish, as this plume 
configuration will allow them to avoid contact with effluent contaminants by remaining in 
deeper water.  In most situations, much of the water column will be free of elevated pollutant 
concentrations, providing space for fish to move freely without harm in the vicinity of washing 
activities. 

In addition to the previously identified analysis uncertainties, additional factors specific to 
WSDOT’s bridge washing activities influence the interpretation of these results.  Most notable of 
these are potential biases that are introduced into the analysis through the application of 
protocols that are mainly directed at an evaluation of potential water quality impacts from a 
fixed, point source that discharges either continuously or intermittently over long periods of 
time.  As noted above, Ecology (2002) guidelines require the reasonable potential determination 
to be performed based on a reasonable worst-case scenario.    

Specifically, these protocols require that all input parameters for the analysis reflect potential 
worst-case conditions which likely results in a gross over estimation of the likely hood of 
exceeding standards for WSDOT bridge and marine transfer span washing and painting 
operations.  For the impact analysis for rivers,  the input parameters include: effluent discharge 
rate, effluent metal concentrations, receiving water metal concentrations, receiving water 
hardness concentration, and receiving water flow rate.  Worst-case assumptions were used for a 
similar suite of parameters in the impact evaluation for marine systems.    
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Worst-case scenarios of this type are generally considered appropriate for an effluent source that 
discharges continuously at a fixed location because there is a relatively high probability that most 
or all of the individual worst-case conditions will occur simultaneously in the operational 
lifetime of the facility.  However, WSDOT’s bridge washing operations occur at numerous 
locations throughout the state and the associated effluent discharge only occurs over short, 
discontinuous intervals with typically 10 to 15 year time spans between separate wash event at 
each location.  Therefore, the probability that all these individual worst-case conditions will 
occur simultaneously  is much lower than it would be for a continuous point discharge.  Based on 
thee considerations it is likely that the compounding effect of worst-case assumptions for each 
parameter results in an overly conservative estimate of impacts from WSDOT’s bridge washing 
operations. 
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Recommendations 

This section presents recommendations for those situations where the preceding analysis showed 
water quality standards would potentially be exceeded due to inputs of bridge washing effluent.  
It is anticipated that these recommendations will support subsequent negotiations between 
WSDOT and Ecology to develop NPDES permit conditions for bridge washing activities.   

Reducing Analysis Uncertainty  

As noted in the Conclusion section to this report, a number of uncertainties have been identified 
in the data and analyses that were conducted for this reasonable potential determination for 
WSDOT’s bridge washing activities.  Furthermore, the analysis was performed using numerous 
worst-case assumptions that likely cause potential water quality impacts to be overestimated.  
The following recommendations are made to address these concerns: 

 Additional studies are recommended to better characterize effluent 
pollutant concentrations and generate more representative metals 
translator values.  The data obtained from these studies would allow a 
more accurate and scientifically defensible assessment of water quality 
impacts from bridge washing operations.  Furthermore, it is anticipated 
that any subsequent analyses performed using these additional data will 
likely show a reduced level of impact from bridge washing effluent.  
These studies should be done in consultation with Ecology so that the 
resultant data can be applied without qualification to any ensuing analysis 
of reasonable potential for WSDOT’s bridge washing operations. 

 Once additional data are available to characterize effluent pollutant 
concentrations, potential impacts from WSDOT’s bridge washing 
operations should be revaluated using alternative analysis procedures that 
describe the statistical probability for exceeding water quality standards.  
For example, a Monte Carlo simulation could be used to model receiving 
water pollutant concentrations using the simulated probability 
distributions for one or more of the following input parameters: effluent 
pollutant concentration, effluent discharge rate, receiving water flow rate, 
receiving water background pollutant concentrations, and receiving water 
hardness.  In contrast to the worst-case approach used in this reasonable 
potential evaluation, the results from such an analysis would provide an 
actual probability distribution for predicting the frequency of water quality 
standard exceedances.  This output would, in turn, provide Ecology with 
significantly more information for determining what permit requirements 
may be warranted for bridge washing activities.    
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 Whole effluent toxicity (WET) limits should be derived for WSDOT’s 
bridge washing effluent in accordance with RCW 90.48.520, 40 CFR 
122.44(d), and 40 122.44(e) for inclusion into any subsequent NPDES 
permit.  Per these regulations, WET limits are required when it has been 
shown that there is reasonable potential to discharge toxics in toxic 
amounts.  The specific procedures for deriving WET limits are presented 
in WAC 173-205 and Ecology (2002). 

Bridge Washing Operational Changes 

Based on the results presented in the preceding section, there appears to be a reasonable potential 
for state water quality standards to be violated in some river systems due to inputs of bridge 
washing effluent.  The results also show a reasonable potential exists for violating water quality 
standards in marine systems.  Therefore, it is likely that some type of effluent limit or permit 
compliance schedule would be imposed for these systems to provide a margin of safety for 
protecting the associated aquatic resources.  The following recommendations are proposed for 
these situations:  

 For smaller rivers and marine systems may that lack adequate dilution 
capacity, the number of washers operating simultaneously should be 
limited so as to reduce overall pollutant loading rates and prevent the 
occurrence of water quality violations.   

 For bridge washing projects that are occurring over particularly sensitive 
receiving waters during critical conditions (e.g., low flow), full 
containment of the bridge wash water should be considered.  WSDOT and 
Ecology would need to negotiate and acceptable disposal option for the 
recovered wash water. 

 The scheduling of wash events should be prioritized around receiving 
water hydrologic conditions that will minimize water quality impacts.  
This might include, implementing a scheduling system such that high flow 
years are predicted based on hydrologic and climatic indicators.  Bridges 
over the most sensitive receiving waters would then be targeted for 
washing during these periods.  Bridge washing activities might also be 
scheduled during high flow periods in receiving waters that are associated 
with spring snow melt.    
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APPENDIX A 
 

 
Summary Table for Data Collected 

During WSDOT Bridge Washing 
Studies 



Parameter

Skykomish River 
Bridge near Gold 

Bar, WA

Cowlitz River 
Bridge near 
Kelso, WA

Nooksack River 
Bridge Average Maximum CV

Sampling Date August 17, 2000c August 31, 2001 May 17, 2002 June 3, 2002 August 17, 2003

Conventional/Biological Parameters
Temperature (C°)a NM NM 8.2/8.8 13.8/14.4 ND 10.42 14.4 0.273
PH 7.88/7.94 7.79/7.88 7.99/8.30 7.49/7.75 ND 7.81 8.30 0.035
Dissolved Oxygen (mg/L)a NM NM 11.65/12.22 10.17/10.78 ND 11.11 12.22 0.070

Conductivity (mS/cm)a NM NM 0.23/0.37 0.18/0.39 ND 0.23 0.39 0.328

Total Coliform (MPN/100 ml)a NM NM 95/400 NM ND 149.25 400 1.180
Biochemical Oxygen Demand (mg/L) 100 170 33 67 ND 92.5 170 0.632
Total Suspended Solids (mg/L) 300 520 403 930 ND 538 930 0.513
Hardness (mg/L) NM NM 120 130 ND 125 130 0.057

Heavy Metals
Antimony – dissolved (mg/L) 0.07 U 0.07 U 0.003 U 0.0025 U ND 0.036 0.070 1.067
Antimony – total recoverable (mg/L) NM NM NM 0.0067 ND 0.007 0.007 NA
Arsenic – dissolved (mg/L) 0.007 0.005 U 0.0011 0.0025 U ND 0.004 0.007 0.672
Arsenic – total recoverable (mg/L) NM NM 0.12 0.0061 ND 0.063 0.120 1.277
Beryllium – dissolved (mg/L) 0.003 U 0.003 U 0.002 U 0.002 U ND 0.003 0.003 0.231
Beryllium – total recoverable (mg/L) NM NM NM 0.002 U ND 0.002 0.002 NA
Cadmium – dissolved (mg/L) 0.005 U 0.005 U 0.0005 U 0.0025 U ND 0.003 0.005 0.671
Cadmium – total recoverable (mg/L) NM NM NM 0.0011 ND 0.001 0.001 NA
Chromium – dissolved (mg/L) 0.01 U 0.01 U 0.01 U 0.01 U 0.0227 0.013 0.023 0.453
Chromium – total recoverable (mg/L) NM NM NM 0.368 0.993 0.681 0.993 0.649
Chromium – total (mg/L) NM NM NM NM 1.03 1.030 1.030 NA
Copper – dissolved (mg/L) 0.022 0.041 0.178 0.0263 0.0590 0.065 0.178 0.991
Copper – total recoverable (mg/L) NM NM 2.05 0.128 0.0815 0.753 2.050 1.491
Copper – total (mg/L) NM NM NM NM 0.0829 0.083 0.083 NA
Lead – dissolved (mg/L) 0.07 0.076 0.13 0.0645 0.0775 0.084 0.130 0.316
Lead – total recoverable (mg/L) NM NM 6.48 10.5 1.22 6.067 10.500 0.767
Lead – total  (mg/L) NM NM NM NM 1.28 1.280 1.280 NA
Mercury – dissolved (mg/L) 0.0002 U 0.002 U 0.002 U 0.0002 U ND 0.001 0.002 0.945
Mercury – total recoverable (mg/L) NM NM NM 0.0002 U ND 0.000 0.000 NA
Nickel – dissolved (mg/L) 0.02 U 0.02 U 0.01 U 0.01 U ND 0.015 0.020 0.385
Nickel – total recoverable (mg/L) NM NM NM 0.0227 ND 0.023 0.023 NA
Selenium – dissolved (mg/L) 0.05 U 0.05 U 0.003 U 0.0025 U ND 0.026 0.050 1.034
Selenium – total recoverable (mg/L) NM NM NM 0.003 U ND 0.003 0.003 NA
Silver – dissolved (mg/L) 0.007 U 0.007 U 0.01 U 0.0025 U ND 0.007 0.010 0.467
Silver – total recoverable (mg/L) NM NM NM 0.01 U ND 0.010 0.010 NA
Thallium – dissolved (mg/L) 0.005 U 0.2 U 0.0005 U 0.0025 U ND 0.052 0.200 1.898
Thallium – total recoverable (mg/L) NM NM NM 0.005 U ND 0.005 0.005 NA
Zinc – dissolved (mg/L) 2.1 1.7 1.06 1.34 1.02 1.444 2.100 0.316
Zinc – total recoverable (mg/L) NM NM 3.63 4.47 1.65 3.250 4.470 0.446
Zinc – total (mg/L) NM NM NM NM 1.57 1.570 1.570 NA

Volatile Organicsb

Ethylbenzene (mg/L) NM NM 0.0024 NM ND 0.0024 0.0024 NA
m, p-Xylene (mg/L) NM NM 0.0079 NM ND 0.0079 0.0079 NA
o-Xylene (mg/L) NM NM 0.0036 NM ND 0.0036 0.0036 NA
1, 3, 5-Trimethylbenzene NM NM 0.0014 NM ND 0.0014 0.0014 NA
4-Chlorotoulene NM NM 0.00053 NM ND 0.0005 0.0005 NA
1, 2, 4-Trimethylbenzene NM NM 0.0043 NM ND 0.0043 0.0043 NA

Data source: WSDOT 2001, 2002a, 2002b
a Values presented are the median and maximum, respectively, from replicate field measurements.
b Parameters listed are present in the paints used by WSDOT on bridge structures.
c A two tarp system was used on this date to filter bridge washing effluent.
CV: Coefficient of variation.
NM: Not measured.
ND: Data not currently available.
NA: Not applicable.
U: Analyte not detected at the specified detection limit.
Values in bold exceed state water quality standards for acute freshwater toxicity (based on an assumed hardness of 26 mg/L as CaCO 3).

Stillaguamish River Bridge near 
Stanwood, WA

Table A1.   Effluent pollutant concentrations from WSDOT bridge washing studies.
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APPENDIX C 
 

 
Summary Tables for River Water 

Quality Impact Analysis 

 



6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
2 3 3 3

Maximum Total Recoverable Metal Conc. (mg/L)b: 0.993 2.05 10.5 4.47
1 0.996 0.466 0.996

3.79 3.00 3.00 3.00
3.76 6.13 14.68 13.36

20 20 20 20

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)e: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1469 0.0037 0.0108 0.0293

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

42 26 0.149 0.235 0.561 0.515
895 558 0.012 0.012 0.027 0.029

2,340 1459 0.008 0.006 0.011 0.014
4,261 2656 0.006 0.004 0.006 0.010

a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Translatorc:

Stream Hardness (mg/L as CaCO3)
e:

Water Quality Standards

Table C-1:  Water quality impact analysis results for bridges washing operations over streams: 
                     Eastern Washington, total recoverable metals, acute water quality standards.

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):

Effluent Characteristics

Stream Characteristics

Sample Sizeb:

Multiplierd:
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Table C-2: Water quality impact analysis results for bridges washing operations over streams: 

6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
2 3 3 3

Maximum Total Recoverable Metal Conc. (mg/L)b: 0.993 2.05 10.5 4.47
1 0.996 0.466 0.996

3.79 3.00 3.00 3.00
3.76 6.13 14.68 13.36

14 14 14 14

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)e: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1097 0.0027 0.0072 0.0216

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

57 36 0.111 0.174 0.414 0.381
1,314 819 0.010 0.009 0.019 0.022
3,639 2268 0.007 0.004 0.007 0.011
7,928 4942 0.006 0.003 0.004 0.008

a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.

Stream Characteristics

Water Quality Standards

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):

                   Western Washington, total recoverable metals, acute water quality standards.

Multiplierd:

Effluent Characteristics

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Translatorc:

Stream Hardness (mg/L as CaCO3)
e:

Sample Sizeb:
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6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
5 5 5 5

Maximum Dissolved Metal Conc. (mg/L)b: 0.023 0.178 0.130 2.10
2.32 2.32 2.32 2.32

0.053 0.413 0.302 4.87

20 20 20 20

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)d: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)e: 0.1469 0.0037 0.0108 0.0293

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

0.5 0.3 0.158 1.322 0.966 15.619
47 29 0.007 0.015 0.011 0.171

286 178 0.005 0.004 0.002 0.033
326 203 0.005 0.003 0.002 0.029

a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
d Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
e Acute water quality standards from WAC 173 201A; see Table 4.

Water Quality Standards

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Stream Hardness (mg/L as CaCO3)
d:

Sample Sizeb:

Multiplierc:

Table C-3: Water quality impact analysis results for bridges washing operations over streams: 
                    Eastern Washington, dissolved metals, acute water quality standards.

Effluent Characteristics

Stream Characteristics

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):

wp/02-02217-010 Tables.xls Herrera Environmental Consultants



6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
5 5 5 5

Maximum Dissolved Metal Conc. (mg/L)b: 0.023 0.178 0.130 2.10
2.32 2.32 2.32 2.32

0.053 0.413 0.302 4.87

14 14 14 14

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)d: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)e: 0.1097 0.0027 0.0072 0.0216

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

0.7 0.4 0.114 0.945 0.690 11.158
74 46 0.006 0.010 0.007 0.111

479 299 0.005 0.003 0.002 0.022
532 332 0.005 0.003 0.002 0.020

a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
d Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
e Acute water quality standards from WAC 173 201A; see Table 4.

Total Effluent Discharge (gal/min):
Total Effluent Discharge (cfs):

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Stream Hardness (mg/L as CaCO3)
d:

Stream Characteristics

Table C-4: Water quality impact analysis results for bridges washing operations over streams: 
                   Western Washington, dissolved metals, acute water quality standards.

Effluent Characteristics

No. Pressure Washersa:

Multiplierc:

Sample Sizeb:

Water Quality Standards
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                   standards.

6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
2 3 3 3

Maximum Total Recoverable Metal Conc. (mg/L)b: 0.993 2.05 10.5 4.47
1 0.996 0.466 0.996

3.79 3.00 3.00 3.00
3.76 6.13 14.68 13.36

20 20 20 20

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)e: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1469 0.0037 0.0108 0.0293
WERg: 1.95 2.92 3.78 1.41
WER adjusted Acute Water Quality Standardh: 0.2864 0.0109 0.0408 0.0413

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

21 13 0.292 0.469 1.122 1.025
587 366 0.015 0.018 0.041 0.042
596 372 0.015 0.018 0.040 0.041

1,036 646 0.011 0.011 0.023 0.026
a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.
g WERs derived from Dunbar (1997) and U.S. EPA (1992).
h Adjusted acute water quality standard = acute water quality standard x WER.

Stream Characteristics

Water Quality Standards

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):

Table C-5: Water quality impact analysis results for bridges washing operations over streams: 
                   Eastern Washington, total recoverable metals, WER adjusted acute water quality 

Multiplierd:

Effluent Characteristics

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Translatorc:

Stream Hardness (mg/L as CaCO3)
e:

Sample Sizeb:
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                   standards.

6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
2 3 3 3

Maximum Total Recoverable Metal Conc. (mg/L)b: 0.993 2.05 10.5 4.47
1 0.996 0.466 0.996

3.79 3.00 3.00 3.00
3.76 6.13 14.68 13.36

14 14 14 14

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)e: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1097 0.0027 0.0072 0.0216
WERg: 1.95 2.92 3.78 1.41
WER adjusted Acute Water Quality Standardh: 0.2138 0.0078 0.0272 0.0305

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

28 17 0.220 0.352 0.842 0.770
851 530 0.012 0.013 0.028 0.031
888 554 0.012 0.012 0.027 0.029

1,543 962 0.009 0.008 0.016 0.019
a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.
g WERs derived from Dunbar (1997) and U.S. EPA (1992).
h Adjusted acute water quality standard = acute water quality standard x WER.

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Translatorc:

Stream Hardness (mg/L as CaCO3)
e:

Water Quality Standards

Table C-6: Water quality impact analysis results for bridges washing operations over streams: 
                   Eastern Washington, total recoverable metals, WER adjusted acute water quality 

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):

Effluent Characteristics

Stream Characteristics

Sample Sizeb:

Multiplierd:
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                   standards.

6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
5 5 5 5

Maximum Dissolved Metal Conc. (mg/L)b: 0.023 0.178 0.130 2.10
2.32 2.32 2.32 2.32

0.053 0.413 0.302 4.87

20 20 20 20

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)d: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1469 0.0037 0.0108 0.0293
WERg: 1.95 2.92 3.78 1.41
WER adjusted Acute Water Quality Standardh: 0.2864 0.0109 0.0408 0.0413

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

0.2 0.1 0.387 3.302 2.414 39.040
12 7 0.011 0.056 0.041 0.656
69 43 0.006 0.011 0.008 0.118

217 135 0.005 0.004 0.003 0.041
a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.
g WERs derived from Dunbar (1997) and U.S. EPA (1992).
h Adjusted acute water quality standard = acute water quality standard x WER.

Total Effluent Discharge (gal/min):
Total Effluent Discharge (cfs):

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Stream Hardness (mg/L as CaCO3)
d:

Stream Characteristics

Table C-7: Water quality impact analysis results for bridges washing operations over streams: 
                   Eastern Washington, dissolved metals, WER adjusted acute water quality 

Effluent Characteristics

No. Pressure Washersa:

Multiplierc:

Sample Sizeb:

Water Quality Standards
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6 6 6 6
3 3 3 3

18 18 18 18
0.040 0.040 0.040 0.040

Cr Cu Pb Zn
5 5 5 5

Maximum Dissolved Metal Conc. (mg/L)b: 0.023 0.178 0.130 2.10
2.32 2.32 2.32 2.32

0.053 0.413 0.302 4.87

14 14 14 14

Cr Cu Pb Zn
Stream Dissolved Metal Conc. (mg/L)d: 0.0050 0.0014 0.0007 0.0053

Cr Cu Pb Zn
Acute Water Quality Standard (mg/L)f: 0.1097 0.0027 0.0072 0.0216
WERg: 1.95 2.92 3.78 1.41
WER adjusted Acute Water Quality Standardh: 0.2138 0.0078 0.0272 0.0305

Stream Discharge
(cfs) Dillution Factor

Cr 
(mg/L)

Cu 
(mg/L)

Pb
(mg/L)

Zn
(mg/L)

0.3 0.2 0.260 2.2020 1.610 26.028
18 11 0.009 0.038 0.028 0.439

103 64 0.006 0.008 0.005 0.081
310 193 0.005 0.004 0.002 0.031

a Data Source: WSDOT (2001, 2002b, 2002c,); see Table 1.
b Data Source: WSDOT (2001, 2002b, 2002c, 2003); see Table 2.
c Translator values for converting total recoverable metal concentrations to dissolved metal concentrations were obtained from

  Pelletier (1996).  A translator is not required for the tri-valent form of Cr.
d Multipliers were calculated based on guidance from the Permit Writers Manual, Ecology (2002).
e Data source: Queries of the Environmental Information Management (Ecology 2003b) and STORET (EPA 2003) database systems; see Table 3.
f Acute water quality standards from WAC 173 201A; see Table 4.
g WERs derived from Dunbar (1997) and U.S. EPA (1992).
h Adjusted acute water quality standard = acute water quality standard x WER.

Water Quality Standards

Impact Analysis - Total dissolved metals concentrations by stream discharge rate

Effluent Discharge per Washer (gal/min)a:

Worst-Case Dissolved Metal Conc. (mg/L):

Stream Hardness (mg/L as CaCO3)
d:

Sample Sizeb:

Multiplierc:

Table C-8: Water quality impact analysis results for bridges washing operations over streams: 
                   Western Washington, dissolved metals, WER adjusted acute water quality standards.

Effluent Characteristics

Stream Characteristics

Total Effluent Discharge (cfs):

No. Pressure Washersa:

Total Effluent Discharge (gal/min):
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Table D1. Acceptable water-effect ratios for based on a Synopsis of Effect-Ratios for 
Heavy Metals as derived for Site Specific Water Quality Criteria (U.S. EPA 
1992). 

Site Species 
LC50, 

EC50(mg/L) Water Type WER 
Source of 

Laboratory Water 

Zinc 
Norwalk River, CT Rainbow trout 1.50 

1.00 
Site 
Lab 

1.5 Reconstituted 

Norwalk River CT Daphnia magna 0.91 
0.40 

Site 
Lab 

2.3 Reconstituted 

Boggy Creek, OK Caddisfly 683 
562 

Site 
Lab 

1.2a Reconstituted 

St. Louis River, MN Fathead minnow 0.26 
0.40 

Site 
Lab 

0.65a Dechlorinated tap 

St. Louis River, MN Rainbow trout 0.26 
0.24 

Site 
Lab 

1.1a Dechlorinated tap 

St. Louis River Daphnia magna 0.47 
0.16 

Site 
Lab 

2.9 Dechlorinated tap 

St. Louis River Amphipod 0.28 
0.33 

Site 
Lab 

0.85a Dechlorinated tap 

Naugatuck River, CT Fathead minnow 0.39 
0.55 

Site 
Lab 

0.71a Lake Superior 

Naugatuck River, CT Ceriodaphnia dubia 0.16 
0.18 

Site 
Lab 

0.89a Lake Superior 

    Average: 1.34  
Chromium 

Boggy Creek, OK Caddisfly 0.31 
0.26 

Site 
Lab 

1.2 Reconstituted 

Leon Creek, TX Amphipod 0.698 
0.256 

Site 
Lab 

2.7 Reconstituted 

    Average: 1.95  
Lead 

St. Louis River, MN Fathead minnow 5.20 
2.70 

Site 
Lab 

1.9 Dechlorinated tap 

St. Louis River, MN Rainbow trout 2.00 
0.58 

Site 
Lab 

3.4 Dechlorinated tap 

St. Louis River, MN Daphnia magna 2.10 
0.37 

Site 
Lab 

5.7 Dechlorinated tap 

St. Louis River, MN Amphipod 0.90 
0.22 

Site 
Lab 

4.1 Dechlorinated tap 

    Average: 3.78  
a LC50/EC50 values not were not significantly different.  Per U.S. EPA guidelines, the WER values were treated as 1.0.  
 



 
 

APPENDIX E 
 

 
7Q10 Low Flow Values From Selected 

Rivers in Western Washington 

 



Station Location Station No.

7Q10 Low 
Flow
(cfs) Data Source

Skagit River near Mount Vernon, WA 12200500 4730.3 USGS 1985b
Skagit River near Sedro Woolley, WA 12199000 3640.5 USGS 1985b
Skagit River near Concrete, WA 12194000 3601.2 USGS 1985b
Skagit River above Alma Creek near Marblemount, WA 12179000 1674.6 USGS 1985b
Snohomish River near Monroe, WA 12150800 1299.3 USGS 1985b
Skagit River at Newhalem, WA 12178000 1101.0 USGS 1985b
Nooksack River at Ferndale, WA 12213100 856.0 USGS 1985b
Sauk River near Sauk, WA 12189500 834.6 USGS 1985b
Nooksack River near Lynden, WA 12211500 797.7 USGS 1985b
Nooksack River at Deming, WA 12210500 687.9 USGS 1985b
Suiattle River near Mansford, WA 12189000 474.3 USGS 1985b
Skykomish River near Gold Bar, WA 12134500 472.9 USGS 1985b
Snoqualmie River near Carnation, WA 12149000 442.4 USGS 1985b
Skagit River below Ruby Creek; near Newhalem, WA 12174500 426.9 USGS 1985b
N.F. Nooksack River near Deming, WA 12207200 424.9 USGS 1985b
Skagit River near Newhalem, WA 12172500 410.0 USGS 1985b
Snoqualmie River near Snoqualmie, WA 12144500 385.9 USGS 1985b
Baker River below Anderson Creek near Concrete, WA 12191500 363.0 USGS 1985b
Sauk River at Darrington, WA 12187500 318.1 USGS 1985b
South Fork Skykomish River near Index, WA 12133000 286.4 USGS 1985b
Baker River at Concrete, WA 12193500 234.2 USGS 1985b
Cedar River near Landsburg, WA 12111500 199.3 USGS 1985b
Cascade River at Marblemount, WA 12182500 186.3 USGS 1985b
North Fork Stillaguamish River near Arlington, WA 12167000 180.9 USGS 1985b
Sauk River above Whitechuck River near Darrington, WA 12186000 160.1 USGS 1985b
Middle Fork Snoqualmie River near Tanner, WA 12141300 148.2 USGS 1985b
Middle Fork Snoqualmie River near North Bend, WA 12141500 130.9 USGS 1985b
South Fork Stillaguamish River about Jim Creek; near Arlington, WA 12162500 115.6 USGS 1985b
North Fork Skykomish River at Index, WA 12134000 104.7 USGS 1985b
South Fork Stillaguamish River near Granite Falls, WA 12161000 81.2 USGS 1985b
South Fork Snoqaulmie River at North Bend, WA 12144000 77.8 USGS 1985b
S.F. Nooksack River near Wickersham, WA 12209000 76.3 USGS 1985b
Thunder Creek near Newhalem, WA 12175500 71.9 USGS 1985b
Tolt River near Carnation, WA 12148500 70.6 USGS 1985b
Big Beaver Creek near Newhalem, WA 12172000 69.9 USGS 1985b
Sammamish River at Bothell, WA 12126500 69.1 USGS 1985b
Ruby Creek near Newhalem, WA 12174000 67.8 USGS 1985b
Ruby Creek below Panther Creek; near Newhalem, WA 12173500 67.2 USGS 1985b
Thunder Creek near Marblemount, WA 12176000 66.1 USGS 1985b
North Fork Snoqualmie River near North Bend, WA 12143000 58.9 USGS 1985b
Sultan River near Startup, WA 12137500 56.7 USGS 1985b
Cedar River near Renton, WA 12118500 50.6 USGS 1985b
Sammamish River near Redmond, WA 12125000 49.6 USGS 1985b
North Fork Tolt River near Carnation, WA 12147500 48.0 USGS 1985b
North Fork Snoqualmie River near Snoqualmie, WA 12142000 41.3 USGS 1985b
Sammamish River near Woodinville, WA 12125200 40.7 USGS 1985b
Pilchuck River near Granite Falls, WA 12152500 30.3 USGS 1985b
South Fork Snoqualmie River about Alice Creek; near Garcia, WA 12143400 29.0 USGS 1985b

Table E1.  Compilation of 7Q10 low flow discharge rates for selected rivers in Western Washington.
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Station Location Station No.

7Q10 Low 
Flow
(cfs) Data Source

Table E1.  Compilation of 7Q10 low flow discharge rates for selected rivers in Western Washington.

Newhalem Creek near Newhalem, WA 12178100 28.8 USGS 1985b
Cedar River near Cedar Falls, WA 12114500 25.3 USGS 1985b
Issaquah Creek near mouth; near Issaquah, WA 12121600 21.9 USGS 1985b
Dear Creek near Oso, WA 12166500 21.3 USGS 1985b
Samish River near Burlington, WA 12201500 19.9 USGS 1985b
Stetattle Creek near Newhalem, WA 12177500 19.2 USGS 1985b
Skookum Creek near Wickersham, WA 12209500 18.7 USGS 1985b
Taylor Creek near Selleck, WA 12117000 17.7 USGS 1985b
Cedar River below Bear Creek; near Cedar Falls, WA 12114500 16.1 USGS 1985b
Sulphur Creek near Concrete, WA 12191800 16.1 USGS 1985b
Cedar River near Cedar Falls, WA 12116500 15.5 USGS 1985b
South Fork Tolt River near Carnation, WA 12148000 15.4 USGS 1985b
Woods Creek near  Monroe, WA 12141000 13.7 USGS 1985b
Squire Creek near Darrington, WA 12165000 13.0 USGS 1985b
Issaquah Creek near Issaquah, WA 12120500 12.1 USGS 1985b
Troublesome Creek near Index, WA 12133500 11.7 USGS 1985b
Wallace River near Gold Bar, WA 12135000 10.1 USGS 1985b
Day Creek near Lyman, WA 12196500 9.9 USGS 1985b
Raging River near Fall City, WA 12145500 7.8 USGS 1985b
Patterson Creek near Fall City, WA 12146000 7.5 USGS 1985b
Jim Creek near Arlington, WA 12164000 7.5 USGS 1985b
North Fork Cedar River near Lester, WA 12113500 7.3 USGS 1985b
Alder Creek near Hamilton, WA 12196000 6.3 USGS 1985b
Rex River near Cedar Falls, WA 12115500 5.9 USGS 1985b
Evans Creek (above mouth) near Redmond, WA 12124000 5.4 USGS 1985b
North Creek near Bothell, WA 12126000 5.4 USGS 1985b
Cottage Lake Creek near Redmond, WA 12123000 4.1 USGS 1985b
Mercer Creek near Bellevue, WA 12119700 3.7 USGS 1985b
Swamp Creek at Kenmore, WA 12127100 3.2 USGS 1985b
Quilceda Creek near Marysville, WA 12157000 3.2 USGS 1985b
South Fork Tolt River near Index, WA 12147600 2.8 USGS 1985b
South Fork Cedar River near Lester, WA 12114000 2.6 USGS 1985b
Fishtap Creek at Lynden, WA 12212000 2.4 USGS 1985b
Juanita Creek near Kirkland, WA 12120500 2.2 USGS 1985b
Griffin Creek near Carnation, WA 12147000 1.9 USGS 1985b
Pilchuck Creek near Bryant, WA 12168500 1.9 USGS 1985b
Whatcom Creek below Hatchery near Bellingham, WA 12203500 1.9 USGS 1985b
Rock Creek near Maple Valley, WA 12118500 1.7 USGS 1985b
S.F. Cascade River at So. Cascade Gl. near Marblemount, WA 12181100 0.9 USGS 1985b
Little Pilchuck Creek near Lake Stevens, WA 12153000 0.7 USGS 1985b
East Fork Nookachamps Creek near Big Lake, WA 12199800 0.4 USGS 1985b
Canyon Creek near Cedar Falls, WA 12116100 0.3 USGS 1985b
Boxley Creek near Cedar Falls, WA 12143700 0.2 USGS 1985b
Salix Creek at So. Cascade Gl. Near Marblemount, WA 12181200 0.0 USGS 1985b
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m m m/s m/s -- kg/m3 m3/s kg/m3 mg/L m m m m deg deg deg deg -- -- -- mg/L mg/L m mg/L
Total Copper Model Runs

TCu1 2 2 0.025 2 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0477
TCu2 2 2 0.01 2 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0407
TCu3 2 2 0.1 2 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0128
TCu4 2 2 0.025 2 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00108 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0356
TCu5 2 2 0.025 2 0.025 1024 0.000189 1049 5.0976 0 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0518
TCu6 1 1 0.025 2 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0144
TCu7 2 2 0.025 0 0.025 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0484
TCu8 2 2 0.025 2 0.02 1024 0.000189 1049 5.0976 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0476

Dissolved Copper Model Runs
DCu1 2 2 0.025 2 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0038
DCu2 2 2 0.01 2 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0033
DCu3 2 2 0.1 2 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0010
DCu4 2 2 0.025 2 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00108 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0029
DCu5 2 2 0.025 2 0.025 1024 0.000189 1049 0.4108 0 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0042
DCu6 1 1 0.025 2 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0012
DCu7 2 2 0.025 0 0.025 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0039
DCu8 2 2 0.025 2 0.02 1024 0.000189 1049 0.4108 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0026 0.007813 6.1 0.0038

Italicized  values represent variations for sensitivity analysis
Boldface values represent exceedences of the acute water quality standard (not including WER adjustment)

Table F1.  CORMIX2 marine bridge copper model runs: input parameters and results.

1 The background pollutant concentration is subtracted from effluent concentrations and water quality standard values for the purposes of CORMIX analysis.  
   These values will therefore vary from actual concentrations  by the value of the background concentration.

Input - Ambient Data Input - Effluent Data Input - Discharge Data Input - Mixing Zone Data
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m m m/s m/s -- kg/m3 m3/s kg/m3 mg/L m m m m deg deg deg deg -- -- -- mg/L mg/L m mg/L
Total Lead Model Runs

TPb1 2 2 0.025 2 0.025 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.2804
TPb2 2 2 0.01 2 0.025 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.2389
TPb3 2 2 0.1 2 0.025 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0723
TPb4 2 2 0.025 2 0.025 1024 0.000189 1049 29.950 10 2 0 0.00108 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.2093
TPb5 2 2 0.025 2 0.025 1024 0.000189 1049 29.950 0 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.3046
TPb6 1 1 0.025 2 0.025 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0848
TPb7 2 2 0.025 0 0.025 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.2841
TPb8 2 2 0.025 2 0.02 1024 0.000189 1049 29.950 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.2797

Dissolved Lead Model Runs
DPb1 2 2 0.025 2 0.025 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0027
DPb2 2 2 0.01 2 0.025 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0023
DPb3 2 2 0.1 2 0.025 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0007
DPb4 2 2 0.025 2 0.025 1024 0.000189 1049 0.292 10 2 0 0.00108 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0020
DPb5 2 2 0.025 2 0.025 1024 0.000189 1049 0.292 0 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0030
DPb6 1 1 0.025 2 0.025 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0008
DPb7 2 2 0.025 0 0.025 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0028
DPb8 2 2 0.025 2 0.02 1024 0.000189 1049 0.292 10 2 0 0.00125 90 0 90 90 1 23 Same 0.2000 n.a. 6.1 0.0027

   analysis.  These values will therefore vary from actual concentrations by the value of the background concentration.
Italicized  values represent variations for sensitivity analysis.
Boldface values represent exceedences of the acute water quality standard.

Table F2.  CORMIX2 marine bridge lead model runs: input parameters and results.

1 The background pollutant concentration is subtracted from effluent concentrations and water quality standard values for the purposes of CORMIX 

Input - Ambient Data Input - Effluent Data Input - Discharge Data Input - Mixing Zone Data
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m m m/s m/s -- kg/m3 m3/s kg/m3 mg/L m m m m deg deg deg deg -- -- -- mg/L mg/L m mg/L
Total Zinc Model Runs

TZn1 2 2 0.025 2 0.025 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.1187
TZn2 2 2 0.01 2 0.025 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.1011
TZn3 2 2 0.1 2 0.025 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0306
TZn4 2 2 0.025 2 0.025 1024 0.000189 1049 12.674 10 2 0 0.00108 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0886
TZn5 2 2 0.025 2 0.025 1024 0.000189 1049 12.674 0 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.1289
TZn6 1 1 0.025 2 0.025 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0359
TZn7 2 2 0.025 0 0.025 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.1202
TZn8 2 2 0.025 2 0.02 1024 0.000189 1049 12.674 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.1184

Dissolved Zinc Model Runs
DZn1 2 2 0.025 2 0.025 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0455
DZn2 2 2 0.01 2 0.025 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0387
DZn3 2 2 0.1 2 0.025 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0117
DZn4 2 2 0.025 2 0.025 1024 0.000189 1049 4.854 10 2 0 0.00108 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0339
DZn5 2 2 0.025 2 0.025 1024 0.000189 1049 4.854 0 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0494
DZn6 1 1 0.025 2 0.025 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0137
DZn7 2 2 0.025 0 0.025 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0460
DZn8 2 2 0.025 2 0.02 1024 0.000189 1049 4.854 10 2 0 0.00125 90 0 90 90 1 23 Same 0.0740 n.a. 6.1 0.0453

  analysis.  These values will therefore vary from actual concentrations  by the value of the background concentration.
Italicized  values represent variations for sensitivity analysis.
Boldface values represent exceedences of the acute water quality standard.

Table F3.  CORMIX2 marine bridge zinc model runs: input parameters and results.

1 The background pollutant concentration is subtracted from effluent concentrations and water quality standard values for the purposes of CORMIX 

Input - Ambient Data Input - Effluent Data Input - Discharge Data Input - Mixing Zone Data
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APPENDIX G 
 

 
Sediment Velocity Calculations –  

Rivers and Marine Waters 

 



Parameter symbol value d units

Viscosity u 0.0000209  lbf - sec / ft2

Viscosity u 0.000672353  lb / (ft - sec)
Accelleration of gravity g 32.17  ft/s2

Density - particle Ppart 165  lbs/ft3

Density - water Pw 62.4  lbs/ft3

Particle Diameter d 0.425  mm
Particle Radius r 0.000697178  ft
Velocity (settling) Vvert 0.530244905  ft/sec

Diametera Radius
Velocityb 

(Stokes)
Reynolds 
Number

Crag 
Coefficient

Velocityc 

(estimate)
Velocity 

(iterative calc)
(mm) (ft) (ft/sec) (Re) (CD) (ft/sec) (ft/sec)

0.363 0.000595 0.38576 22.33 2.050 0.20229 0.20229
0.265 0.000435 0.20615 10.67 3.508 0.13220 0.13220
0.215 0.000353 0.13570 6.33 5.326 0.09664 0.09664
0.150 0.000246 0.06605 2.45 12.045 0.05368 0.05368
0.075 0.000123 0.01651 0.35 74.104 0.01530 0.01530
0.035 0.000057 0.00360 0.04 657.636 0.00351 0.00351

0.0125 0.000021 0.00046 0.00 11107.839 0.00057 0.00051

Notes:
a Particle diameters taken from Table 7 (mean diamters from sediment gradation)
b Stokes velocity used as initial estimate for Reynold calculation
c Velocity estimate is manually adjusted to calcualte Reynolds Number and particle velocity (iterative solution)
d Values and constants obtained from online data conversion ()

Table G-1.  Vertical velocity calculations for settling sediments in freshwater.

Velocity (Vvert)  =  SQRT [4  g  (Ppart - Pw )  d ] / [ 3  CD  Pw ]

Drag Coefficient (CD)  =  24 / Re  +  3 / SQRT Re   +  0.34

Reynolds Number (Re)  =   Pw  V   d  /  u

Simple Stoke's Law Calculation for Largest Particle (#40 sieve)

Velocity (Vvert) = [2  g  r2 (Ppart - Pw )] / [ 9 u ]

Stokes and Newtons Law Calculations for Sediemnt Gradation
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Groupb ID # Length Location Name USGS IDc

507/008 149 Bucoda Skookumchuck 12026400 28.7 4.65 0.0457
006/008 162 Willapa Willapa 12013500 18.3 2.65 0.0448
900/020 104 Renton Cedar 12119000 50.6 6.5 0.0921
005/140 309 Castle Rock Toutle 14242500 303.3 3.42 0.2969
203/106 340 Gold Bar Skykomish 12134500 472.9 3.3 0.4341
014/201 296 Underwood White Salmon 14123500 431.7 3.3 0.4572
101/204 1060 Queets Queets 12040500 426.9 6.5 0.0631
542/010 930 Cedarville Nooksack 12210500 687.9 1.93 0.3857
395/545 1051 Kettle falls Columbia 12472800 40000 91 0.5650

Notes:
a Bridge crossings were chosen based on lengths and availability of both 7Q10 data and depth gauge data from USGS website
b The 10th percentile bridge length = 104 feet, 50th percentile = 309 feet, and 90th percentile = 1064 feet 
c "USGS ID" refers to the ID number of the nearest flow gauging station.
d A 7Q10 value was not available for the Columbia site.  The value shown is the lowest flow recorded over the past 18 months
e Depths obtained from USGS website.  Depths for the Skookumchuck and Nooksack estimated given that recent data did not include lower

flows near the 7Q10 value.  Depths for these two stations were estimated with Mannings equation using variuos flows and depths
f Average velocity = Q/A,  where A is calculated assuming 3:1 sideslopes and the river width equals the full length of the bridge  

Table G-2.  River velocity calculations.

90th 

percentile 
length

Average 
Velocity f

(ft/s)

10th 

percentile 
length

50th 

percentile 
length

Bridgea River
7Q10

Low Flow d

(cfs)

Estimated 
Depth e

(ft)
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Parameter symbol value d units

Viscosity u 0.0000209  lbf - sec / ft2

Viscosity u 0.000672353  lb / (ft - sec)
Accelleration of gravity g 32.17  ft/s2

Density - particle Ppart 165  lbs/ft3

Density - water Psw 64.0  lbs/ft3

Particle Diameter d 0.425  mm
Particle Radius r 0.000697178  ft
Velocity (settling) Vvert 0.521975979  ft/sec

Diametera Radius
Velocityb 

(Stokes)
Reynolds 
Number

Crag 
Coefficient

Velocityc 

(estimate)
Velocity 

(iterative calc)
(mm) (ft) (ft/sec) (Re) (CD) (ft/sec) (ft/sec)

0.363 0.000595 0.37974 22.90 2.015 0.20229 0.19989
0.265 0.000435 0.20294 10.94 3.441 0.13220 0.13079
0.215 0.000353 0.13358 6.49 5.216 0.09664 0.09567
0.150 0.000246 0.06502 2.51 11.776 0.05368 0.05319
0.075 0.000123 0.01626 0.36 72.323 0.01530 0.01518
0.035 0.000057 0.00354 0.04 641.396 0.00351 0.00348

0.0125 0.000021 0.00045 0.00 10830.951 0.00057 0.00051

Notes:
a Particle diameters taken from Table 7 (mean diamters from sediment gradation)
b Stokes velocity used as initial estimate for Reynold calculation
c Velocity estimate is manually adjusted to calcualte Reynolds Number and particle velocity (iterative solution)
d Values and constants obtained from "online data conversion" website

Table G-3.  Vertical velocity calculations for settling sediments in marine environment.

Velocity (Vvert)  =  SQRT [4  g  (Ppart - Pw )  d ] / [ 3  CD  Pw ]

Drag Coefficient (CD)  =  24 / Re  +  3 / SQRT Re   +  0.34

Reynolds Number (Re)  =   Pw  V   d  /  u

Simple Stoke's Law Calculation for Largest Particle (#40 sieve)

Velocity (Vvert) = [2  g  r2 (Ppart - Psw )] / [ 9 u ]

Stokes and Newtons Law Calculations for Sediemnt Gradation
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APPENDIX H 
 

 
Sediment Quality Calculations –  

Rivers and Marine Waters 
 

 



Name velocitya 

(ft/s)
deptha

(ft)
Size

(mm)
Settling 

Velocityb (ft/s)
Settling Time 

(sec)
Settling 

Distance (ft)
Cr

(mg/Kg)
Cu

(mg/Kg)
Pb

(mg/Kg)
Zn

(mg/Kg)

0.3625 0.2023 23.0 1.1 4.53 6.98 17.56 10.36
0.265 0.1322 35.2 1.6 9.94 15.30 38.51 22.73
0.215 0.0966 48.1 2.2 2.70 4.15 10.45 6.17
0.15 0.0537 86.6 4.0 1.09 1.67 4.20 2.48

0.075 0.0153 303.9 13.9 0.10 0.16 0.39 0.23
0.035 0.0035 1325.1 60.6 0.01 0.01 0.04 0.02

0.0125 0.0005 9112.6 416.5 0.01 0.01 0.03 0.02

0.3625 0.2023 13.1 0.6 7.46 11.48 28.90 17.05
0.265 0.1322 20.0 0.9 16.35 25.18 63.36 37.39
0.215 0.0966 27.4 1.2 4.44 6.83 17.19 10.15
0.15 0.0537 49.4 2.2 1.79 2.75 6.92 4.08

0.075 0.0153 173.2 7.8 0.17 0.26 0.64 0.38
0.035 0.0035 755.2 33.9 0.02 0.02 0.06 0.04

0.0125 0.0005 5193.2 232.8 0.01 0.02 0.06 0.03

0.3625 0.2023 32.1 3.0 2.30 3.55 8.93 5.27
0.265 0.1322 49.2 4.5 5.05 7.78 19.58 11.55
0.215 0.0966 67.3 6.2 1.37 2.11 5.31 3.14
0.15 0.0537 121.1 11.2 0.55 0.85 2.14 1.26

0.075 0.0153 424.8 39.1 0.05 0.08 0.20 0.12
0.035 0.0035 1852.3 170.6 0.00 0.01 0.02 0.01

0.0125 0.0005 12738.1 1173.5 0.00 0.01 0.02 0.01

Notes:
a River velocities and depths taken from Table G-2 in Appendix G
b Settling velocity calculated in Table G-2 of Appendix G.
c Sediment concentration increase refers to the increase in sediment concentration and does not include background sediment concentrations
Sediment mass loadings taken from Table 10 and divided by sample mass to calculate sediment concentrations
Sample mass assumes sample includes the top 2cm of river sediments as per the sediment sampling guidelines in Section 7 of Ecology's "Technical Guidance for Assessing the
Quality of Aquatic Environments "
Bold concentrations represent zone downstram of bridge with worst case concentrations
Sediment release assumes one wash event for the 10th percentile length bridges

2.65

507/008

Bridge ID
River

Skookumchuck 0.0457 4.65

Table H-1.  Sediment distribution and Concentration increase for Heavy Metals at 10th Percentile Bridges

900/020 Cedar 0.0921 6.5

006/008 Willapa 0.0448

Sediment Transport Sediment Concentration Increasec
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Name velocitya 

(ft/s)
deptha

(ft)
Size

(mm)
Settling Velocityb 

(ft/s)
Settling Time 

(sec)
Settling 

Distance (ft)
Cr

(mg/Kg)
Cu

(mg/Kg)
Pb

(mg/Kg)
Zn

(mg/Kg)

0.3625 0.2023 16.9 5.0 1.37 2.11 5.32 3.14
0.265 0.1322 25.9 7.7 3.01 4.63 11.66 6.88
0.215 0.0966 35.4 10.5 0.82 1.26 3.16 1.87
0.15 0.0537 63.7 18.9 0.33 0.51 1.27 0.75

0.075 0.0153 223.5 66.3 0.03 0.05 0.12 0.07
0.035 0.0035 974.6 289.3 0.00 0.00 0.01 0.01

0.0125 0.0005 6702.2 1989.6 0.00 0.00 0.01 0.01

0.3625 0.2023 16.3 7.1 0.88 1.36 3.43 2.02
0.265 0.1322 25.0 10.8 1.94 2.98 7.51 4.43
0.215 0.0966 34.1 14.8 0.53 0.81 2.04 1.20
0.15 0.0537 61.5 26.7 0.21 0.33 0.82 0.48

0.075 0.0153 215.6 93.6 0.02 0.03 0.08 0.04
0.035 0.0035 940.4 408.2 0.00 0.00 0.01 0.00

0.0125 0.0005 6467.0 2807.5 0.00 0.00 0.01 0.00

0.3625 0.2023 16.3 7.5 0.96 1.48 3.74 2.20
0.265 0.1322 25.0 11.4 2.11 3.25 8.19 4.83
0.215 0.0966 34.1 15.6 0.57 0.88 2.22 1.31
0.15 0.0537 61.5 28.1 0.23 0.36 0.89 0.53

0.075 0.0153 215.6 98.6 0.02 0.03 0.08 0.05
0.035 0.0035 940.4 430.0 0.00 0.00 0.01 0.00

0.0125 0.0005 6467.0 2957.0 0.00 0.00 0.01 0.00

Notes:
a River velocities and depths taken from Table G-2 in Appendix G
b Settling velocity calculated in Table G-2 of Appendix G.
c Sediment concentration increase refers to the increase in sediment concentration and does not include background sediment concentrations
Sediment mass loadings taken from Table 10 and divided by sample mass to calculate sediment concentrations
Sample mass assumes sample includes the top 2cm of river sediments as per the sediment sampling guidelines in Section 7 of Ecology's "Technical Guidance for Assessing the
Quality of Aquatic Environments "
Bold concentrations represent zone downstram of bridge with worst case concentrations
Sediment release assumes three wash events for the 50th percentile length bridges

3.3

005/140

Bridge ID

River

Toutle 0.2969 3.42

Table H-2.  Sediment distribution and Concentration increase for Heavy Metals at 50th Percentile Bridges

014/201 White Salmon 0.4572 3.3

203/106 Skykomish 0.4341

Sediment Transport Sediment Concentration Increasec
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Name velocitya 

(ft/s)
deptha

(ft)
Size

(mm)
Settling Velocityb 

(ft/s)
Settling Time 

(sec)
Settling 

Distance (ft)
Cr

(mg/Kg)
Cu

(mg/Kg)
Pb

(mg/Kg)
Zn

(mg/Kg)

0.3625 0.2023 32.1 2.0 1.65 2.54 6.39 3.77
0.265 0.1322 49.2 3.1 3.62 5.57 14.02 8.27
0.215 0.0966 67.3 4.2 0.98 1.51 3.80 2.24
0.15 0.0537 121.1 7.6 0.40 0.61 1.53 0.90

0.075 0.0153 424.8 26.8 0.04 0.06 0.14 0.08
0.035 0.0035 1852.3 116.9 0.00 0.01 0.01 0.01

0.0125 0.0005 12738.1 804.0 0.00 0.00 0.01 0.01

0.3625 0.2023 9.5 3.7 1.04 1.60 4.02 2.37
0.265 0.1322 14.6 5.6 2.27 3.50 8.81 5.20
0.215 0.0966 20.0 7.7 0.62 0.95 2.39 1.41
0.15 0.0537 36.0 13.9 0.25 0.38 0.96 0.57

0.075 0.0153 126.1 48.6 0.02 0.04 0.09 0.05
0.035 0.0035 550.0 212.1 0.00 0.00 0.01 0.00

0.0125 0.0005 3782.2 1458.6 0.00 0.00 0.01 0.00

0.3625 0.2023 449.9 254.2 0.013 0.020 0.051 0.030
0.265 0.1322 688.3 388.9 0.029 0.045 0.113 0.067
0.215 0.0966 941.6 532.0 0.008 0.012 0.031 0.018
0.15 0.0537 1695.2 957.8 0.003 0.005 0.012 0.007

0.075 0.0153 5946.5 3359.7 0.000 0.000 0.001 0.001
0.035 0.0035 25931.7 14651.1 0.000 0.000 0.000 0.000

0.0125 0.0005 178333.3 100756.1 0.000 0.000 0.000 0.000

Notes:
a River velocities and depths taken from Table G-2 in Appendix G
b Settling velocity calculated in Table G-2 of Appendix G.
c Sediment concentration increase refers to the increase in sediment concentration and does not include background sediment concentrations
Sediment mass loadings taken from Table 10 and divided by sample mass to calculate sediment concentrations
Sample mass assumes sample includes the top 2cm of river sediments as per the sediment sampling guidelines in Section 7 of Ecology's "Technical Guidance for Assessing the
Quality of Aquatic Environments "
Bold concentrations represent zone downstram of bridge with worst case concentrations
Sediment release assumes five wash events for the 90th percentile length bridges

1.93

101/204

Bridge ID
River

Queets 0.0631 6.5

Table H-3.  Sediment distribution and Concentration increase for Heavy Metals at 90th Percentile Bridges

395/545 Columbia 0.5650 91

542/010 Nooksack 0.3857

Sediment Transport Sediment Concentration Increasec
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velocitya 

(ft/s)
depthb

(ft)
Size

(mm)
Settling Velocityc 

(ft/s)
Settling Time 

(sec)
Settling 

Distance (ft)
Cr

(mg/Kg)
Cu

(mg/Kg)
Pb

(mg/Kg)
Zn

(mg/Kg)

0.3625 0.1999 10.0 3.3 4.35 6.70 16.87 9.96
0.265 0.1308 15.3 5.0 9.58 14.74 37.10 21.90
0.215 0.0957 20.9 6.9 2.60 4.00 10.07 5.94
0.15 0.0532 37.6 12.3 1.05 1.61 4.05 2.39

0.075 0.0152 131.8 43.2 0.10 0.15 0.38 0.22
0.035 0.0035 574.5 188.5 0.01 0.01 0.04 0.02

0.0125 0.0005 3950.5 1296.1 0.01 0.01 0.03 0.02

0.3625 0.1999 25.0 8.2 1.60 2.47 6.21 3.66
0.265 0.1308 38.2 12.5 3.52 5.42 13.65 8.06
0.215 0.0957 52.3 17.1 0.96 1.47 3.70 2.19
0.15 0.0532 94.0 30.8 0.38 0.59 1.49 0.88

0.075 0.0152 329.5 108.1 0.04 0.06 0.14 0.08
0.035 0.0035 1436.3 471.2 0.00 0.01 0.01 0.01

0.0125 0.0005 9876.2 3240.2 0.00 0.00 0.01 0.01

0.3625 0.1999 50.0 16.4 1.25 1.92 4.83 2.85
0.265 0.1308 76.5 25.1 2.74 4.22 10.63 6.27
0.215 0.0957 104.5 34.3 0.74 1.15 2.89 1.70
0.15 0.0532 188.0 61.7 0.30 0.46 1.16 0.69

0.075 0.0152 658.9 216.2 0.03 0.04 0.11 0.06
0.035 0.0035 2872.6 942.4 0.00 0.00 0.01 0.01

0.0125 0.0005 19752.4 6480.5 0.00 0.00 0.01 0.01

Notes:
a Tidal velocity = 0.1m/s (see Marine water quality section - Cormix Model inputs)
a Various depths used to assess impacts in deeper waters
c Settling velocity calculated in Table G-3 of Appendix G.
d Sediment concentration increase refers to the increase in sediment concentration and does not include background sediment concentrations
Sediment mass loadings taken from Table 10 and divided by sample mass to calculate sediment concentrations
Sample mass assumes sample includes the top 2cm of marine sediments as per the sediment sampling guidelines in Section 7 of Ecology's "Technical Guidance for Assessing the
Quality of Aquatic Environments "
Bold concentrations represent zone downstram of bridge with worst case concentrations
Sediment release assumes three wash events

Table H-4.  Sediment Distribution and Concentration increase for Marine Environment

0.3281 10

0.3281 5

Sediment Concentration Increased

0.3281 2

Flow Sediment Transport
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