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1 Introduction 1 

This report presents the risk assessment protocol for evaluating potential risks to human health and 2 
ecological resources from the Hanford Tank Waste Treatment and Immobilization Plant (WTP) in the 3 
Direct Feed Low-Activity Waste (DFLAW) configuration at the Hanford Site.  This report is required to 4 
satisfy, in part, requirements established by Condition III.10.C.11 of permit WA7890008967 (Dangerous 5 
Waste Permit [DWP]) (Ecology 2017), as well as addressing provisions in WAC 173-303-680, 6 
Dangerous Waste Regulations – Miscellaneous Units. 7 
 8 
The Hanford Site is in southeastern Washington State, is owned by the US government, and is managed 9 
by the US Department of Energy (DOE), the Bureau of Land Management, the US Fish and Wildlife 10 
Service, and the Washington Department of Fish and Wildlife.  WTP will include waste vitrification 11 
facilities and an Effluent Management Facility (EMF), and will be built in the 200 East Area of the 12 
Hanford Site. 13 
 14 
Refer to report 24590-WTP-RPT-ENV-14-002, Environmental Risk Assessment Work Plan for the 15 
Hanford Tank Waste and Immobilization Plant (RAWP), for the evaluation of potential risks to human 16 
health and ecological resources from the WTP full configuration and further description as noted in 17 
specific sections of this report.    18 

2 WTP Facility/Process Description 19 

Hanford tank waste consists of approximately 54 million US gallons of highly radioactive and mixed 20 
hazardous wastes stored in underground storage tanks at DOE’s Hanford Site.  WTP is being constructed 21 
to treat mixed wastes from underground storage tanks.  WTP is located at the eastern end of the 200 East 22 
Area of the Hanford Site, near the former Grout Treatment Facility, 241-AP Tank Farm Complex, and 23 
Plutonium Uranium Extraction Plant.  After the tank waste is received from the Hanford double-shell tank 24 
system it will be immobilized using a process called “vitrification.”  Vitrification is a thermal process that 25 
converts the waste materials into a durable glass.  The vitrified wastes and secondary wastes resulting 26 
from the WTP processes will be transferred to permitted treatment, storage, or disposal units for 27 
disposition.  The following subsection provides an overview of the mixed waste treatment processes that 28 
will be used in the DFLAW configuration.  Readers should consult Chapter 4 of the DWP (Ecology 2017) 29 
for additional detail on WTP engineering and waste treatment processes and for information on the WTP 30 
baseline configuration. 31 
 32 
2.1 Direct Feed Low-Activity Waste Process Overview 33 

WTP may be operated in two processing configurations: the baseline WTP configuration and the DFLAW 34 
configuration.  To facilitate the processing of tank waste into glass as soon as possible, an DFLAW 35 
configuration is being implemented.  The DFLAW configuration allows for the operation of the Low-36 
Activity Waste (LAW) Facility and Analytical Laboratory (Lab) before operation of the 37 
Pretreatment (PT) Facility.  In this configuration, pretreated low-activity waste will have the cesium 38 
removed and will be fed from the Hanford Tank Farms to the LAW Facility, bypassing the PT Facility.  39 
As such, the replication of some PT Facility functions is required.  The EMF is in place to replicate 40 
activities conducted in the baseline configuration (primarily effluent evaporation and condensation)—41 
including the management and treatment of the liquid effluent from the LAW Facility’s and Lab’s 42 
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radioactive liquid waste disposal systems, and the management of the effluent from the LAW secondary 1 
offgas / vessel vent process system. 2 

In the DFLAW configuration, the EMF will collect and treat the liquid effluents in an evaporator.  3 
The evaporator overheads (process condensate) will be transferred to the 200-Area Liquid Effluent 4 
Retention Facility / Effluent Treatment Facility for further processing.  The residual EMF evaporator 5 
bottoms (process concentrate) is returned to the LAW Facility for vitrification (recycled).  The 6 
concentrate may also be returned to Tank Farms or disposed at an alternate location via tanker truck.  7 
Figure 2-1 provides the process schematic of EMF. 8 
 9 
It is planned that WTP will operate in the DFLAW configuration for 10 years until the PT and High-Level 10 
Waste facilities are operational.  Support systems and utilities required for DFLAW to operate will 11 
continue to be provided via the existing Balance of Facilities (BOF). 12 
 13 
Figure 2-1 Process Schematic of the Effluent Management Facility 14 
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 15 
ETF = Effluent Treatment Facility; LCP = LAW concentrate receipt process system; LERF = Liquid Effluent Retention Facility 16 
RLD = radioactive liquid waste disposal system 17 
 18 
2.2 Effluent Management Facility 19 

The EMF, located north of the Lab, is comprised of four buildings, the LAW effluent process building 20 
(building 25), the LAW effluent drain tank building (building 25A), the LAW effluent electrical building 21 
(building 27), and the LAW effluent utility building (building 26).  The EMF contains an evaporator 22 
system; nine major process vessels; three supporting reagent product storage tanks; heating, ventilation, 23 
and air conditioning equipment; and electrical utilities.  The various buildings are described in more detail 24 
herein. 25 
 26 
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The building ventilation system that serves EMF is referred to as the “active confinement ventilation 1 
system.”  This system operates on a once-through ventilation strategy whereby air is cascaded from areas 2 
of lower contamination potential to areas of higher contamination potential before being exhausted from 3 
the facility.  The EMF ventilation system uses the cascade principle with the direction of airflow from 4 
areas of low or no contamination to areas of higher potential contamination.  Conditioned air supplied to 5 
EMF cascades through these areas and exits via the active confinement ventilation exhaust system’s 6 
single-stage, high-efficiency particulate air (HEPA) filtered exhaust. 7 
 8 
Building 25 – LAW Effluent Process Building 9 

The LAW effluent process building houses the Direct Feed Low-Activity Waste Effluent Management 10 
Facility Process System (DEP) and Direct Feed Low-Activity Waste Effluent Management Facility 11 
Vessel Vent Process System (DVP).  The DEP system is the main process system for EMF and consists 12 
of vessels and ancillary equipment used to support the collection, processing, and disposal of the mixed 13 
waste effluent from the LAW Facility and Lab.  The DWP (Ecology 2017), Sections 4G.2 and 4G.3, 14 
provides a more-detailed discussion of the processes contained in this building.  The DEP system 15 
evaporator separator will receive feed from the evaporator feed vessel that has passed through the 16 
evaporator reboiler.  The evaporator will be operated under vacuum to lower the boiling point of the 17 
concentrate.  The overhead vapors, mainly water, will pass through an impingement plate to remove 18 
entrained liquid, with the overhead vapor continuing to the primary condenser.  The majority of the 19 
bottom liquid will be recycled through the reboiler, with a small amount sent to the evaporator 20 
concentrate vessels.  Overhead vapor from the evaporator and steam from the steam-jet air ejectors will 21 
be condensed and collected in the overhead sampling vessels.  Spent caustic scrubber solution from the 22 
LAW Facility offgas caustic scrubber will also be collected in the EMF overhead sampling vessels.  23 
The overhead sampling vessel effluent is then transferred to the existing Hanford Site 200 Area Liquid 24 
Effluent Retention Facility / Effluent Treatment Facility. 25 
 26 
The DVP system provides vessel ventilation for the DEP system vessels. 27 
 28 
Building 25A – LAW Effluent Drain Tank Building 29 

The LAW effluent drain tank building consists of the low-point drain vessel and the drain tank 30 
maintenance area.  The low-point drain vessel is sized to handle flushing of the DFLAW underground 31 
waste transfer lines, between the Hanford tank farms and the LAW Vitrification Facility and the effluent 32 
lines between the LAW Facility, Lab, and EMF. 33 
 34 
Building 26 – LAW Effluent Utility Building 35 

The LAW effluent utility building contains the building heating, ventilation, and air conditioning HEPA 36 
filters and fans, and the BOF utility pumps and storage vessels.  The LAW effluent utility building shares 37 
a ventilation system with the LAW effluent process building (building 25).  The treated DVP offgas from 38 
the LAW effluent process building ties into the exhaust duct in the LAW effluent utility building and is 39 
discharged to the atmosphere through the 150 ft stack.  The building does not contain equipment that 40 
manages dangerous or mixed waste. 41 

Building 27 – LAW Effluent Electrical Building 42 

The LAW effluent electrical building houses most of the EMF electrical equipment, which includes 43 
electrical batteries and control and instrumentation equipment.  It has a separate power supply and 44 
exhaust system.  The building does not contain equipment that manages dangerous or mixed waste. 45 
 46 
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2.2.1 Direct Feed Low-Activity Waste Effluent Management Facility Process System 1 

Liquid effluents from the LAW Facility and Lab vessels will be transferred through the EMF evaporator 2 
feed vessel to the DEP system evaporator located in the LAW effluent process building (building 25).  3 
Liquid effluents from transfer line flush water from the EMF low-point drain vessel will also be 4 
transferred through the evaporator feed vessel.  These liquid effluent streams pass through a prefilter 5 
before entering the feed vessel.  The evaporator feed vessel will be purged with air drawn through the 6 
vessel head space and will be vented to the vessel vent header.  This vessel will have the capability to 7 
receive sodium hydroxide for pH adjustment and demineralized water for flushing.  Effluent will be 8 
continuously pumped from the feed vessel to the evaporator to maintain a constant liquid level in the 9 
evaporator. 10 
 11 
The DEP system evaporator loop functions to reduce the volume of liquid effluent that is received from 12 
LAW Facility, Lab, and underground waste transfer line flushes, and to recycle the concentrate back to 13 
the LAW Facility.  The design also supports the transfer of the concentrate to the Hanford Tank Farms 14 
and to the tanker truck loadout area.  Condensate from the DEP system process can be disposed of at the 15 
Liquid Effluent Retention Facility / Effluent Treatment Facility. 16 
 17 
The evaporator loop consists of the evaporator separator vessel, reboiler, condensers, and the recirculation 18 
piping.  As the liquid effluent circulates through the reboiler, the temperature rises.  Then, the liquid rises 19 
into the separator vessel, the hydrostatic head diminishes, and flash evaporation occurs near the liquid 20 
surface.  The liquid stream recirculates in the closed loop while the vapor stream enters the evaporator 21 
overheads.  The evaporator loop operates under a vacuum to reduce the boiling temperatures and 22 
minimize corrosion.  Concentrate (bottoms) will be pumped from the evaporator to the evaporator 23 
concentrate vessels and recirculated through the evaporator reboiler to maintain a constant solution 24 
density in the evaporator and to prevent buildup of settled solids in the waste. 25 
 26 
The reboiler is a tube-and-shell heat exchanger.  High-pressure steam, supplied from the BOF, is used to 27 
heat a secondary steam loop that feeds the heat exchanger shell side, while the evaporator feed circulates 28 
through the heat exchanger tubes. 29 
 30 
The DEP system process vessels and evaporator offgas are ventilated to the DVP system HEPA filters. 31 
 32 
2.2.2 Direct Feed Low-Activity Waste Effluent Management Facility Vessel Vent 33 

Process System 34 

The DVP system consists of two main parts, air inlet, and exhaust.  The DVP system provides vessel 35 
ventilation for the DEP system vessels, the purpose of the DVP system is to direct vessel vent gases to 36 
emission control systems, and purge hydrogen to maintain the vessel hydrogen concentration below 37 
dangerous levels.  38 
 39 
For the DEP system vessels in the LAW effluent process building (building 25), a purge air inbleed is 40 
used to meet the very-low required flow rates.  The vessel vent is the exhaust portion of the DVP system 41 
and provides suction pressure on the vessel headspace, to draw in the purge air and mitigate hydrogen 42 
accumulation.  The discharged air is sent through a preheater, two-stage HEPA filters, and an exhaust fan 43 
to discharge out the EMF stack.  The DVP exhaust fans control and maintain the suction pressure inside 44 
the various process vessels, maintaining the continuous purge air inbleed.  45 
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3 Screening Level Risk Assessment Approach 1 

This section describes the overall screening-level risk assessment (SLRA) scope and approach for 2 
DFLAW that will be used to estimate potential risks to human health and ecological resources associated 3 
with airborne releases resulting from processing Hanford tank waste into a stable, vitrified form. 4 
 5 
Per condition III.10C.11a.i of the DWP airborne release is the only viable pathway for receptor exposure; 6 
therefore, the primary regulatory guidance followed for this risk assessment is found in 7 
EPA530-R-05-006, Human Health Risk Assessment Protocol for Hazardous Waste Combustion 8 
Facilities (HHRAP) (EPA 2005), and EPA530-D-99-001A, Screening Level Ecological Risk Assessment 9 
Protocol for Hazardous Waste Combustion Facilities (EPA 1999a). 10 
 11 
3.1 Scope of the Screening-Level Risk Assessment 12 

The SLRA will evaluate exposure and risks to potential human and ecological receptors within a 50 km 13 
radius of WTP.  Section 7 includes additional discussion of the human receptors and Section 8 provides 14 
additional detail of the ecological receptors. 15 
 16 
The area within the 50 km radius of WTP is located predominantly within Benton County in Washington 17 
State, with smaller portions located in Franklin, Grant, Yakima, and Kittitas counties.  The Tri-Cities 18 
(i.e., the combined cities of Richland, Kennewick, and Pasco) are adjacent to the southern edge of the 19 
Hanford Site.  Per US Census Bureau information for 2016 (DOC 2016), the Tri-Cities area contains a 20 
population of approximately 210,000, the majority of which reside between 30 and 50 km from WTP.  21 
The population outside the Tri-Cities, but within 50 km of WTP, is sparse.  There are no permanent 22 
residences on the Hanford Site.  American Indian tribes have treaty rights to resources on the Hanford 23 
Site, and the SLRA includes potential risks from food gathering and other tribal-specific activities, as well 24 
as from inhalation and external exposures to WTP emissions. 25 
 26 
A variety of ecological receptors inhabit the Hanford Site.  They include terrestrial and aquatic plants; 27 
terrestrial, aquatic, and sediment-dwelling invertebrates; mammals and birds that eat terrestrial plants and 28 
animals; fish and other aquatic biota; and mammals and birds that eat fish and other aquatic biota.  These 29 
ecological receptors are discussed in more detail in Section 8. 30 
 31 
The SLRA (specifically, the pre-demonstration test risk assessment [PRA] and the final risk 32 
assessment [FRA]) will address the potential operating life of WTP in its baseline configuration and the 33 
DFLAW configuration.  The PRA will provide an estimate of human health and ecological receptor risk 34 
based on engineering estimates of emissions from WTP units.  The FRA will be conducted following 35 
collection of data from performance demonstration testing of WTP units, where estimated emission rates 36 
will be supplemented with the actual emissions results of the demonstration tests.  The same basic risk 37 
methodology will be used for the PRA and the FRA—which will differ in that the PRA will use air, soil, 38 
and surface water concentrations modeled from estimated stack emissions; whereas the FRA will use air, 39 
soil, and surface water concentrations that are based on the results of a performance demonstration test 40 
using surrogate waste and estimated stack emissions.  The WTP Project recognizes that there are 41 
significant limitations to using a limited performance demonstration test to predict the ability of the 42 
melter offgas systems to control emissions.  However, proven thermal treatment approaches will be used 43 
to select test constituents that are representative of the worst-case constituents and operating conditions so 44 
that a conservative estimate of performance is obtained. 45 
 46 
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The current DWP (Ecology 2017) covers projected operations for both configurations at WTP.  1 
The SLRA, as applicable to the DFLAW configuration, assumes that the facility will operate at maximum 2 
capacity for its entire design life (10 years from the start of DFLAW).  The SLRA, as applicable to the 3 
WTP baseline configuration (including the PT and High-Level Waste facilities), assumes WTP is 4 
operated at full capacity for 40 years.  The two operating configurations will not be operated 5 
simultaneously, and will be assessed independently.  Risks from the waste in the Hanford double-shell 6 
tank system, as well as cumulative risks from the Hanford Site, are outside the scope of the SLRA. The 7 
receptor exposure timelines evaluated in the preliminary risk assessment report are consistent with the 8 
timelines presented on Figure 7-3 of the DFLAW risk assessment work plan (24590-WTP-RPT-ENV-18-9 
003) and on Figure 7-7 of the baseline risk assessment work plan (24590-WTP-RPT-ENV-14-002). 10 

4 Constituents of Potential Concern 11 

The HHRAP (EPA 2005) recommends that the selection of constituents of potential concern (COPC) 12 
focus on compounds that (1) are likely to be emitted because of the presence of the compound or its 13 
precursors in the waste feed, (2) are potential products of incomplete combustion, (3) are potentially toxic 14 
to humans, and (or) (4) have a definite propensity for bioaccumulating or bioconcentrating in human and 15 
ecological food chains.  The process for identifying COPCs is described in 24590-WTP-RPT-ENV-10-16 
001, Constituents of Potential Concern for the WTP Air and Dangerous Waste Permits (RAWP 17 
Supplement 1) 18 
 19 
4.1 Identification of Constituents of Potential Concern and Radiological Constituents of 20 

Potential Concern for the Quantitative Predemonstration Test Risk Assessment 21 

The COPCs identified in RAWP Supplement 1 include an extensive list of chemicals and radionuclides 22 
that are (1) potentially present in the waste to be processed or (2) potentially produced as products of 23 
incomplete combustion during the WTP processing of waste.  The process of identifying of COPCs for 24 
the PRA-selected chemicals is in accordance with the recommendations in the HHRAP (EPA 2005). 25 
 26 
Final COPCs carried through the quantitative risk assessment will be all those COPCs for which either of 27 
the following apply: 28 

• Appropriate physical and (or) chemical parameters are available to quantitatively estimate potential 29 
emissions and fate and transport behavior of the constituent through the environment. 30 

• Appropriate human health or ecological toxicity data is available to quantitatively evaluate potential 31 
effects of the constituent. 32 

 33 
Constituents not included in the quantitative risk assessment will be discussed qualitatively as part of the 34 
uncertainty assessment. 35 
 36 
4.1.1 Identification of Organic and Inorganic Constituents of Potential Concern for 37 

Inclusion in the Quantitative Pre-Demonstration Test Risk Assessment 38 

The list of organic COPCs consists of many categories of volatile and semivolatile organic compounds.  39 
The US Environment Protection Agency (EPA) has identified several categories of WTP COPCs 40 
(e.g., dioxins and furans, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, phthalates, other 41 
chlorinated organics, and nitroaromatics) as having the highest potential to cause increased risk to human 42 
health from chronic exposure—as stated in Draft Exposure Assessment Guidance for RCRA Hazardous 43 
Waste Combustion Facilities, Attachment A, Table 1, “Chemicals Recommended for Identification,” and 44 
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Table 2, “Chemicals for Potential Identification” (EPA 1994).  The organic and inorganic COPCs that can 1 
be carried through the quantitative risk evaluation is identified in 24590-WTP-RPT-ENV-14-003, 2 
Chemical Parameters and Toxicological Inputs for the Environmental Risk Assessment for the Hanford 3 
Tank Waste Treatment and Immobilization Plant (RAWP Supplement 4).  Note:  The data available is 4 
continually changing; therefore, the PRA and FRA will update this information. 5 
 6 
 7 
4.1.2 Identification of Radiological Constituents of Potential Concern for Inclusion in 8 

the Quantitative Predemonstration Test Risk Assessment 9 

The preliminary radiological COPCs were identified per the method described in RAWP Supplement 1.  10 
RAWP Supplement 4 describes the available toxicity, physical, and chemical data appropriate for 11 
evaluating chronic human health, acute human health, and chronic ecological exposures to radionuclides.  12 
The 46 radionuclides that are identified in Supplement 1 of the RAWP are estimated to account for over 13 
99% of the Hanford tank waste’s activity (refer to HNF-SD-WM-TI-740, Standard Inventories of 14 
Chemicals and Radionuclides in Hanford Site Tank Wastes [LMHC 1997]). 15 

5 Estimate of Emissions 16 

WTP is being designed to vitrify radioactive, mixed waste.  A bounding estimate of stack emissions from 17 
the DFLAW configuration has been developed to allow for numerical quantification of the human and 18 
ecological risks associated with airborne emissions.  This bounding estimate was generated by process 19 
modeling a corresponding bounding feed vector (RAWP Supplement 2), applying upset factors (RAWP 20 
Section 5.3), applying detection limits for emissions estimated at rates below those limits (RAWP Section 21 
5.2.2), and including cell emissions (RAWP Section 5.4).  The emissions estimate individually considers 22 
409 organic, inorganic, and radiological COPCs that could result from processing Hanford tank waste 23 
through the DFLAW configuration.  Emissions from the LAW Facility and EMF are considered. 24 
 25 
For more information and detail on the emissions estimate, refer to the RAWP (24590-WTP-RPT-ENV-26 
14-002), Section 5, “Estimation of Emissions,” and RAWP Supplement 2. 27 

6 Environmental Modeling 28 

Air-dispersion modeling will be used to determine COPC-specific concentrations and deposition rates 29 
resulting from WTP emissions during operations of the DFLAW configuration.  The assessment area 30 
extends to a 50 km radius from WTP.  These results will be used as input into the human health and 31 
ecological risk assessments. 32 
 33 
The CALPUFF model (an advanced, non-steady-state, meteorological and air quality modeling system) 34 
will be used for the air-quality modeling task.  The DFLAW emissions—determined by the design 35 
engineers and 5 years of upper-air and Hanford Site meteorological data collected by the Hanford Site 36 
Meteorological Station network—will be used as input into the model.  The COPC-specific 37 
concentrations and deposition rates will be calculated at a gridded network of receptors and at specific 38 
sensitive receptors identified by the risk assessment analysts, as presented in 24590-WTP-RPT-ENV-08-39 
001, Hanford Tank Waste Treatment and Immobilization Plant Risk Assessment Air Quality Modeling 40 
Protocol (RAWP Supplement 5). 41 
 42 
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Fate and transport modeling with the CALPUFF model will be used to estimate COPC concentrations and 1 
depositions at various receptor locations (exposure grids).  The CALPUFF model is a multilayer, 2 
multispecies, non-steady-state, puff-dispersion model that simulates the effects of time- and 3 
space-varying meteorological conditions on pollution transport, transformation, and removal.  4 
The WTP Project will model a unitized emission rate of 1 gram per second (1 curie per second for 5 
radionuclides) with a combination of site-specific and default parameters to describe the movement of 6 
COPCs through the environment.  The unitized CALPUFF model results will be combined with the 7 
COPC emissions estimates as an input to the WTP risk assessment model.  The emission rates for 8 
inorganic, organic, and radiological COPCs are to be evaluated in the risk assessment model. 9 
 10 
This modeling is predictive and cannot be confirmed by sampling environmental media because the 11 
emissions source does not yet exist.  The uncertainty associated with this predictive modeling is 12 
addressed through the use of conservative assumptions whenever possible.  Estimated media 13 
concentrations resulting from this modeling effort will be used in the exposure assessment for the human 14 
health (Section 7) and ecological (Section 8) risk assessments.  Environmental modeling for the FRA will 15 
be updated at a later time with actual emissions data from the environmental performance demonstration 16 
testing. 17 

7 Screening Human Health Risk Assessment 18 

The human health risk assessment process includes four fundamental components: (1) data evaluation, 19 
(2) exposure assessment, (3) toxicity assessment, and (4) risk characterization.  The data evaluation step is 20 
the selection of COPCs discussed in RAWP Supplement 1; the quantification of emissions discussed in it 21 
is presented in other supplements to the RAWP (24590-WTP-RPT-ENV-14-002).  Each of the remaining 22 
three components is discussed in the following subsections: 23 

• Exposure assessment (Section 7.1) 24 
• Toxicity assessment (Section 7.2) 25 
• Risk characterization (Section 7.3) 26 
 27 
7.1 Exposure Assessment 28 

Exposure assessment is the process of estimating the magnitude, frequency, duration, and type of 29 
potential exposures to COPCs.  A human health conceptual exposure model identifies exposure scenarios 30 
that are defined by potentially exposed populations and exposure pathways.  The conceptual exposure 31 
model used for this was developed from guidance and information obtained from the HHRAP 32 
(EPA 2005); DOE/RL-96-16, Screening Assessment and Requirements for a Comprehensive Assessment, 33 
Columbia River Comprehensive Impact Assessment (DOE 1998); and discussions with DOE Office of 34 
River Protection, Washington State Department of Ecology (Ecology), and EPA.  The conceptual 35 
exposure model for human health assessment is shown as Figure 7-1. 36 
 37 
7.1.1 Characterization of Exposure Setting 38 

Characterizing the exposure setting is the first step in identifying potentially exposed populations.  This 39 
characterization includes identifying the location of human populations within the study area and types of 40 
activities that can be expected under current and reasonable potential future land use. 41 
 42 
The study area is defined as the area within a 50 km radius of WTP.  Although it is possible for human 43 
populations to be exposed beyond this 50 km radius, the concentration of airborne and deposited 44 
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emissions will be orders of magnitude less than those within the study area, essentially approaching zero.  1 
EPA reports in the HHRAP (EPA 2005) that, at other facilities, the most-significant deposition of 2 
airborne emissions has been observed within a 3 km radius of a source.  The Hanford Site boundary 3 
extends approximately 9 to 28 km from WTP.  The Columbia River is located approximately 8 km to 4 
more than 20 km from WTP.  Therefore, the potential for offsite impacts is expected to be minimal; 5 
however, because of the importance of the Columbia River as a potable water and recreational resource, 6 
it will be included in the quantitative risk assessment.   No residential receptors are present at the Hanford 7 
Site and there will not be.   8 
 9 
Characterization of the exposure setting includes the following: 10 

• Characterization of the physical setting, including location of important physical features (e.g., Gable 11 
Mountain, surface water bodies, and watersheds) 12 

• Characterization of potentially exposed populations—including identifying the location and activity 13 
patterns of current populations relative to the facility, determining plausible future land use, 14 
and identifying subpopulations of potential concern 15 

 16 
Characterization will concentrate on the areas potentially most impacted by emissions, based on the 17 
results of the air-dispersion modeling and will include both current and future land use.  The exposure 18 
assessment will focus on six locations of interest as described below: 19 

• Onsite ground maximum – Location of maximum predicted ground-level concentrations of both 20 
airborne and deposited emissions.  This location generally represents worst-case human and 21 
ecological exposures because very few receptors are expected to be present here.  The onsite ground 22 
maximum location is a 2.4 by 2.4 km area represented by the point or points directly beyond the WTP 23 
fence line, centered on WTP, and predicted to have the highest concentration of airborne and 24 
deposited emissions.  The grid covers the area in the immediate region downwind from WTP.  25 
Receptors who are likely to receive exposures at this location are limited to onsite workers. 26 

• Hanford offsite – Location of predicted ground-level concentrations of both airborne and deposited 27 
emissions outside the Hanford Site boundary.  This location represents a more-plausible location for 28 
most human receptors and is an important point of compliance.  The grid spans a region that is 29 
predominately downwind of WTP, adjacent to the southeastern border of the Hanford Site.  30 
For conservatism, the residence of all receptors is assumed to occupy this grid. 31 

• Gable Mountain maximum – Location of maximum predicted ground-level concentrations of both 32 
airborne and deposited emissions at Gable Mountain.  This location is included due to its importance 33 
to American Indian populations in the area.  For purposes of assessing potential risks due to WTP 34 
emissions, Gable Mountain represents a site of tribal ceremonial activities and, as such, receptor 35 
exposure is generally of a limited duration. 36 

• Columbia River maximum – Location of maximum predicted ground-level concentrations of both 37 
airborne and deposited emissions at the Columbia River.  This location is used to evaluate potential 38 
risks to aquatic ecological receptors—as a source of potable water for human receptors, and as a 39 
source of fish for human receptors.  The Columbia River receptor grid is predominately downwind of 40 
WTP in the eastern region of the Hanford Site. 41 

• Hunter-and-gatherer area I – Location of predicted ground-level concentrations of both airborne 42 
and deposited emissions for grazing game and native plant species.  The subsistence-resident 43 
American Indian is assumed to consume food (wild game, wildfowl, wildfowl eggs, and wild plants) 44 
harvested on the Hanford Site.  Although the home range of most game and wild fowl is located 45 
primarily along the riparian corridor of the Columbia River, deer and other game may browse 46 
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anywhere on the Hanford Site.  The current exposure scenario hunter-and-gatherer area includes the 1 
Hanford Reach National Monument and Gable Mountain.  This area includes the portions of the 2 
Hanford Site that could be used for grazing by game animals and wild fowl, and is most likely to be 3 
used by people for collecting wild plants.  It excludes the interior area of the Hanford Site. 4 

• Hunter-and-gatherer area II – Expanded location of predicted ground-level concentrations of both 5 
airborne and deposited emissions for grazing game and native plant species.  The hunter and gatherer 6 
receptor grid in the future timeframe is presumed to exist after WTP shutdown.  Like the current 7 
hunter-and-gatherer area assessed in current scenarios, this future area includes the riparian zones 8 
along the Columbia River, where game animals and important wild plants are likely to be present, and 9 
Gable Mountain.  This future area also includes the area of maximum contaminant concentrations 10 
near WTP.  This future hunter-and-gatherer area is intended to provide a more-conservative estimate 11 
of potential exposure and risk by including the area where concentrations are at their maximum.  The 12 
hunter-and-gatherer area receptor grid does not include the exclusion area located at Hanford’s central 13 
plateau or the industrial area east of the plateau.  14 

 15 
Information describing current and future land use at Hanford is presented in DOE/EIS-0222-F, Final 16 
Hanford Comprehensive Land-Use Plan Environmental Impact Statement (DOE 1999a), and the 17 
preferred land-use alternative identified in DOE’s article “Department of Energy – Record of Decision: 18 
Hanford Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS)” in the Federal 19 
Register (DOE 1999b).  In DOE/EIS-0391 Final Tank Closure and Waste Management Environmental 20 
Impact Statement, DOE stated some portions of the Hanford site, continuing down to the soil would not 21 
be subject to use and be subject to access and use restrictions. Specific facilities identified are the tank 22 
systems which will be landfill closed and capped, facilities where above grade structures could be 23 
removed but below grade structures remain in place, and permanent disposal facilities.  To compensate 24 
for this uncertainty, receptors are assumed to be present at the exposure grids regardless of actual land use 25 
at those locations.  For example, a current residential scenario will be evaluated at the Hanford offsite 26 
location regardless of whether or not this location is presently in residential use or coincides with an 27 
air-modeling grid point.  Using the highest discrete values of concentration and deposition will certainly 28 
result in the highest degree of conservatism.  However, in large receptor exposure grids such as the offsite 29 
grid, the corresponding exposures to extreme depositions and air concentrations are improbable and could 30 
result in risk estimates that are highly improbable.  Thus, the data from CALPOST (a postprocessing 31 
package of the CALPUFF modeling system) was evaluated to provide some quantitative information 32 
regarding the potential exposure to extreme air concentrations and depositions (refer to 24590-WTP-RPT-33 
ENV-13-001, CALPOST Data Evaluation to Support the Environmental Risk Assessment).  It was 34 
concluded that the 90th percentile of the predicted ground-level concentrations of both airborne and 35 
deposited emissions values for the Hanford offsite receptor exposure grid will sufficiently characterize 36 
exposures at that location.  For the very large hunter-and-gatherer areas (where average exposures are of 37 
concern) the distribution-free, 95% upper confidence limit of the median provides a sufficiently 38 
conservative estimate of air concentration and deposition.  For more-localized exposure grids (e.g., the 39 
onsite ground maximum, Columbia River, and Gable Mountain), the maximum predicted deposition or 40 
concentration provides a conservative estimate of exposure. 41 
 42 
The subsistence-resident American Indian is assumed to consume food (wild game, wildfowl, wildfowl 43 
eggs, and wild plants) harvested on the Hanford Site.  The hunter-and-gatherer areas for the 44 
subsistence-resident American Indian are based on the following assumptions: 45 

• Although the exact collecting locations and types of plants collected are unknown, it is known that 46 
Gable Mountain is important for ceremonial activities and that plants are collected approximately 47 
once per year at the McGee Ranch west of the 200 areas. 48 
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• Although onsite hunting is currently limited to the area north of the Columbia River and the home 1 
range of deer at Hanford is located primarily along the riparian corridor of the Columbia River, deer 2 
and other game may browse anywhere on the Hanford Site. 3 

• The traditional subsistence lifestyle is a communal lifestyle; therefore, the hunter-and-gatherer area 4 
must support more than a single individual or even a single family. 5 

• A conservative scenario should include the locations of residency and the locations where it is known 6 
that some important activities occur (i.e., Gable Mountain maximum, Columbia River maximum). 7 

 8 
To meet these needs, two hunter-and-gatherer areas have been identified (as previously described): 9 

• The current exposure scenario hunter-and-gatherer area includes the Hanford Reach National 10 
Monument and Gable Mountain, an area most likely to be used for grazing by game animals and for 11 
collecting wild plants. 12 

• The future exposure scenario hunter-and-gatherer area includes the entire Hanford Site, excluding the 13 
200 Area industrial zones. 14 

7.1.2 Identification of Receptor Types 15 

EPA recommends in the HHRAP (EPA 2005) that the following receptor types be evaluated for assessing 16 
potential risks from thermal treatment facilities: 17 

• Resident (adult and child) 18 
• Subsistence-resident farmer (adult and child) 19 
• Subsistence-resident fisher (adult and child) 20 
• Nursing infant 21 
• Acute risk 22 
 23 
The nursing infant scenario, recommended by EPA guidance in the HHRAP (EPA 2005), addresses 24 
specific concerns regarding exposure to polychlorinated dibenzodioxins (PCDD) and polychlorinated 25 
dibenzofurans (PCDF) because these chemicals are known to accumulate in human breast milk.  The EPA 26 
guidance recommends inclusion of the nursing infant only for PCDDs/PCDFs; however, coplanar 27 
polychlorinated biphenyls will also be evaluated for this pathway due to their potential to behave, 28 
physiologically, like PCDDs/PCDFs.  Because radionuclides are a major component of the waste to be 29 
treated at the facility, several radionuclides will also be evaluated for this pathway.  Strontium (i.e., 90Sr), 30 
iodine (i.e., 129I), and cesium (i.e., 134Cs and 137Cs) will be evaluated for the nursing infant scenario, 31 
because of their toxicity and because they have the highest potential for accumulation in breast milk (refer 32 
to CCN 064327, Ecology/EPA to WTP Regarding ROPCs for Nursing Infant Scenario).  If the potential 33 
risks or hazards for other COPCs in other exposure pathways approach unacceptable levels, further 34 
consideration will be given to incorporating those COPCs into the nursing infant scenario. 35 
 36 
Special subpopulations are defined as individual human beings or subsets of the general population that 37 
may potentially be at higher risk due to lifestyle activities that cause higher exposures to COPCs.  38 
To address potentially sensitive subpopulations, the following additional exposure scenarios will be 39 
evaluated: 40 

• Hanford Site industrial worker 41 
• Subsistence-resident American Indian (adult and child) 42 
 43 
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Workers employed at WTP will not be included in the risk assessment because other regulations exist for 1 
occupational exposures within the WTP boundary (e.g., DOE standards for occupational safety and 2 
health).  However, because of WTP’s location within the Hanford Site, the closest and most-likely 3 
receptors are other Hanford Site workers located outside the WTP boundary.  Therefore, the Hanford Site 4 
industrial worker scenario will be included in the risk assessment. 5 
 6 
American Indian tribes (Nez Perce Tribe, Yakama Indian Nation, and Confederated Tribes of the 7 
Umatilla Indian Reservation) ceded the land currently occupied by the US government’s Hanford Site.  8 
However, these tribes retained the rights to use the resources on this land.  Representatives of these tribes 9 
have expressed a desire to be able to use this land to conduct a traditional lifestyle.  A wide range of 10 
possible tribal activities related to traditional lifestyles exists.  The subsistence-resident American Indian 11 
scenario will address a variety of potential exposures associated with food gathering (including hunting, 12 
fishing, and plant gathering) and cultural and social activities (e.g., using a sweat lodge). 13 
 14 
7.1.3 Exposure Scenarios 15 

The exposure scenarios included in the quantitative risk assessment are designed to cover a wide range of 16 
possible receptor activities, age groups, and lifestyles.  These scenarios and the associated exposure routes 17 
are summarized in Table 7-1 and described in further detail in the RAWP Section 7.   18 
 19 
Table 7-1 receptors represent the most highly exposed populations that could work or live near the 20 
Hanford Site, including those leading a subsistent lifestyle.  The exposure assessment and risk 21 
characterization results for the selected receptors are designed to be protective of other populations and 22 
special subpopulations of interest.  For example, the resident child receptor provides a bounding estimate 23 
for other child activities, such as children attending school or daycare.  This scenario assumes a high level 24 
of potential exposure (e.g., the resident child is present 7 days per week, 24 hours per day and ingests 25 
homegrown produce) at an offsite location of elevated contaminant concentration.  Hence, 26 
risk-management decisions based on these conservative assumptions will be protective of other child 27 
populations (e.g., at a school or daycare center where exposure would be less because a child may be 28 
present 5 days per week for less than 12 hours per day). 29 
 30 
Table 7-1 does not include the resident subsistence American Indian hunter-gatherer exposure scenario 31 
that was developed for the TC&WM EIS (DOE 2012).  For the EIS, DOE had negotiated a DOE 32 
American Indian scenario with the local tribes which modified some of the parameters in the 33 
Confederated Tribes of the Umatilla Indian Reservation and Yakama Indian Nation Native American 34 
scenarios to bring food consumption and inhalation rates more in line with other risk assessment inputs.  35 
DOE felt those changes were negotiated in good faith with the Tribal representatives.  After publication 36 
of the EIS, DOE learned that Tribal scenarios could only be modified with approval from the Tribal 37 
Council, which had not been obtained.  Two American Indian resident subsistence scenarios (American 38 
Indian #1 and American Indian #2) were assessed to represent more closely the lifestyle described by 39 
guidance documents issued by local tribes.  DOE requested and invited the American Indian perspectives 40 
to ensure fair consideration of differing views and to inform the agency’s decision-making process.  DOE 41 
respects those views and considered them for the purposes of preparing this PRA.  However, inclusion of 42 
these perspectives does not mean or imply that DOE is in agreement with them.  As with other receptors, 43 
these scenarios assume a high level of potential exposure.  These exposures are discussed in the RAWP, 44 
Section 7, and summarized in Table 7-2.   Figure 7-2 presents the conceptual model for American Indians. 45 
 46 
The purpose of the risk characterization is to evaluate the information obtained through the exposure, 47 
toxicity, and dose assessments to estimate the potential for receptors to experience adverse effects (cancer 48 
risks and noncancer hazards) because of exposure to media contaminated by emissions from operations of 49 
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the DFLAW configuration for 10 years.  Exposure scenarios are defined for current and future land-use 1 
conditions.  For the DFLAW configuration, current and future exposure scenarios are defined by the 2 
following timelines. 3 
 4 
Current Exposure Scenarios:  Current is defined as the 10-year operating period of WTP in the 5 
DFLAW configuration.  For exposure durations of 10 years (or longer), the exposure is presumed to 6 
coincide with the operational period (and beyond for those exposure durations exceeding 10 years).  7 
For shorter exposure durations, the exposure time is presumed to coincide with the time of maximum 8 
concentration and deposition, which is 10 years.  Figure 7-3 illustrates where current exposures will be 9 
assessed on the operational timeline. 10 
 11 
Future Exposure Scenarios:  Future is defined as the period beginning at the cessation of operations and 12 
beyond.  During this time, emissions will have ceased and soil concentrations will have declined 13 
gradually because of various soil-loss mechanisms (air concentration and deposition rates are zero; thus, 14 
no surface-water accumulation occurs). 15 
 16 
7.2 Toxicity Assessment 17 

The toxicity assessment evaluates the potential for COPCs to cause adverse health effects in exposed 18 
individuals.  Toxic effects have been evaluated extensively by EPA.  Toxicity values will be used for 19 
evaluating COPCs in the PRA and the source and (or) rationale for the values. 20 
 21 
Chronic toxicity values from these sources are provided in RAWP Supplement 4.  RAWP Supplement 4 22 
provides the toxicity value, its source, and whether the value has been extrapolated from another exposure 23 
pathway (i.e., oral to dermal).  Chronic toxicity data has generally been obtained from the “Regional 24 
Screening Levels (RSLs) – Generic Tables (November 2017)” webpage on EPA’s Risk Assessment 25 
website (EPA 2017).  The RSL table is a living document that reflects the current state of the science of 26 
toxicology and risk assessment. 27 
 28 
Oral noncarcinogenic effects of COPCs will be evaluated using an acceptable daily intake criterion 29 
(i.e., the reference dose) established by EPA in EPA/540/R/99/005, Risk Assessment Guidance for 30 
Superfund: Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal 31 
Risk Assessment) (EPA 2004).  The effects due to inhalation of noncarcinogenic COPCs will be evaluated 32 
using the inhalation reference value (i.e., the reference concentration).  Dermal reference doses are 33 
estimated for COPCs from oral toxicity values multiplied by chemical-specific, gastrointestinal 34 
absorption factors to calculate the total absorbed dose. 35 

Oral cancer risks are estimated using chemical- or radionuclide-specific cancer slope factors (CSF).  36 
For chemicals, the CSF is defined as a plausible upper-bound estimate of the probability of a response 37 
(e.g., cancer) per unit intake of a chemical over a lifetime, as described in EPA/540/1-89/002, Risk 38 
Assessment Guidance for Superfund Volume I – Human Health Evaluation Manual (Part A) (EPA 1989).  39 
The effects due to inhalation of carcinogenic chemicals will be evaluated using the inhalation unit risk 40 
factor.  Dermal CSFs are estimated for COPCs from oral toxicity values divided by chemical-specific, 41 
gastrointestinal absorption factors to calculate the total absorbed dose. 42 
 43 
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Cancer risk from exposure to radionuclides through ingestion, inhalation, and external exposure to 1 
radionuclides in soil is estimated using a CSF.1  The CSFs are taken from the Health Effects Assessment 2 
Summary Tables (HEAST) (EPA 2001), with an adjustment of the CSF for external soil exposure (for a 3 
2 cm soil depth) as described in the RAWP (24590-WTP-RPT-ENV-14-002), Section 7.2.4.2, 4 
“Carcinogenic Toxicity of ROPCs.” 5 
 6 
Acute effects from direct inhalation of airborne COPCs (vapor and particulate) are evaluated by 7 
comparing modeled 1-hour maximum air concentrations to acute inhalation exposure criteria (AIEC).  8 
The AIEC is a reference value selected from a hierarchy of sources, from those acute reference values not 9 
likely to cause adverse effects in a human population and sensitive subgroups, to temporary levels of 10 
concern.  Section 7.2.1.2 of the RAWP discusses the hierarchy of AIEC sources. 11 
 12 
Refer to the RAWP, Section 7.2, “Toxicity Assessment,” for more detail on toxicity assessment. 13 
 14 
7.3 Risk Characterization 15 

Oral noncarcinogenic effects of COPCs will be evaluated by  dividing receptor intake or average daily 16 
dose by the reference dose.  The effects due to inhalation of noncarcinogenic of COPCs will be evaluated 17 
by dividing the exposure concentration (EC) with the reference concentration.  The average daily dose 18 
(ADD) will be divided by the dermal reference dose to estimate potential noncarcinogenic effects from an 19 
external environment, as applicable (e.g., sweat lodge exposures).  These ratios represent the hazard 20 
quotient (HQ) and, when less than one, are interpreted to mean the chemical-specific average daily dose is 21 
below the level associated with adverse effect.  The summation of pathway-specific HQ values will 22 
characterize the net impact to each receptor for an exposure scenario specific to a COPC. 23 
 24 
A summation of HQ values for each COPC type—inorganic, organic, and radiological—will provide a 25 
hazard index (HI).  The HI is likely to overestimate the true human health risks because many chemicals 26 
act on different target organs.  If the target HI is exceeded, a segregation of the HI by toxicological 27 
endpoint will be considered in consultation with Ecology and EPA. 28 
 29 
The oral risk, or cancer risk due to ingestion, will be quantified by multiplying the lifetime average daily 30 
dose from ingestion of a COPC to the appropriate oral CSF.  The effects due to inhalation of carcinogenic 31 
chemicals will be evaluated by multiplying the EC by the appropriate an inhalation unit risk factor.  32 
Dermal CSFs will be used to estimate potential carcinogenic effect from the lifetime average daily dose 33 
(LADD) in an external environment, as applicable (e.g., sweat lodge exposures).  In a similar means, 34 
cancer risk from exposure to radionuclides through ingestion, inhalation, and external exposure to 35 
radionuclides (in air and soil) is estimated as the product of the CSF specific to those exposure routes 36 
(including those CSF values adjusted for external soil exposure) and the lifetime average daily dose 37 
specific to those exposure routes.  These products represent the incremental lifetime cancer risk (ILCR).  38 
Per the HHRAP (EPA 2005), the threshold for the total ILCR for COPCs, the total ILCR for radiological 39 
COPCs, and the constituent- and pathway-specific ILCR for COPCs and radiological COPCs is 1E−05 40 
(or 1 in 100,000) exposed individuals.  The total ILCR is the sum of all the constituent-specific ILCRs for 41 
COPCs and radiological COPCs of applicable pathways (inhalation, oral, and external) for each receptor. 42 
 43 

                                                      
1 For external air exposure to radionuclides, the radionuclide-specific risk coefficient for morbidity for external air is 

used in lieu of the CSF.  Refer to the RAWP (24590-WTP-RPT-ENV-14-002), Section 7.2.4.3, “Chronic Dermal 
Toxicity of ROPCs.” 
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Potential health risks will be characterized separately for noncarcinogenic and carcinogenic endpoints, 1 
and chemical (i.e., nonradiological) and radiological cancer risks will be evaluated and presented 2 
separately. 3 
 4 
Acute effects from direct inhalation of airborne COPCs (vapor and particulate) are evaluated by dividing 5 
the 1-hour maximum air concentrations by the AIEC to yield an acute hazard quotient (AHQ).  An AHQ 6 
of 1.0 or less indicates that the maximum 1-hour air concentration is below the reference value.  An AHQ 7 
threshold level of 1.0 is used to provide a conservative hazard evaluation per EPA (refer to CCN 063809, 8 
Ecology/EPA to WTP Regarding Dioxin Slope Factor and Acute Hazard Threshold). 9 
 10 
Refer to the RAWP (24590-WTP-RPT-ENV-14-002), Section 7.4, “Risk Characterization,” for more 11 
detail on risk characterization. 12 
 13 
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Table 7-1 Human Receptor Populations and Exposure Pathways  
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Plausible Exposure Scenarios (evaluated in current and future timeframes) 

Hanford site industrial worker (adult) 

Works at onsite ground maximum X X X X X        

X 
Resides at Hanford offsite location X X X X X        
Consumes homegrown produce (offsite)      X       
Consumes water (Columbia River max)            X 

Resident (adult and child) 
Resides at Hanford offsite location X X X X X        

X Consumes homegrown produce (offsite)       X       
Consumes water (Columbia River max)            X 

Worst-Case Exposure Scenario (evaluated in current and future timeframes) 
Acute exposure Acute maximum X  X           

Resident subsistence farmer (adult and child) 
Resides at Hanford offsite location X X X X X        

X Consumes homegrown produce/livestock (offsite)       X X X X X   
Consumes water (Columbia River max)            X 

Resident subsistence fisher (adult and child) 
Resides at Hanford offsite location X X X X X        

X Consumes homegrown produce (offsite)       X       
Consumes fish and water (Columbia River max)           X X 

X = complete exposure pathway for receptor. 
a Includes direct inhalation of vapor phase and particulate emissions.  Applicable to current timeframe only (during WTP emissions). 
b Pathway attributable to exposure to water/fish from the Columbia River maximum.   
c Includes nursing infant assessment - maternal exposures indicated. 
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Table 7-2 Resident Subsistence American Indian Exposure Pathways  
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Resident Subsistence American Indian #1 
(adult and child) 

Resides at Hanford offsite location X X  X X X          

X Consumes wild produce/game 
(hunter/gatherer area)          X X X X   

Consumes water (Columbia River max)   X           X X 

Resident Subsistence American Indian #2 
(adult and child) 

Resides at Hanford offsite location X X  X X X          

X 

Consumes homegrown produce/livestock 
(offsite)       X X X       

Consumes wild produce/game 
(hunter/gatherer area)          X X X X   

Consumes water (Columbia River max)   X           X X 
X = complete exposure pathway for receptor. 
d Includes direct inhalation of vapor phase and particulate emissions.  Applicable to current timeframe only (during WTP emissions). 
e Pathway attributable to exposure to water/fish from the Columbia River maximum.   
f Guidance used to develop the American Indian exposure scenario #2 made no distinction made for type of livestock so beef consumption is assumed (no pork consumption assumed). 
g Includes nursing infant assessment - maternal exposures indicated. 
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Figure 7-1 Human Health Conceptual Exposure Model 
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Figure 7-2 Human Health Conceptual Exposure Model for American Indians 1 

  2 
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Figure 7-3 Receptor Exposure Timeline 1 

 2 
  3 



24590-WTP-RPT-ENV-18-003, Rev 0 
Risk Assessment Work Plan for the Direct Feed Low 

Activity Waste Configuration 
  
 

 
Page 21 

24590-PADC-F00041 Rev 7 (Revised 1/17/2018) 

8 Screening-Level Ecological Risk Assessment 1 

The screening-level ecological risk assessment (SLERA) incorporates four fundamental components of 2 
the ERA process: (1) problem formulation, (2) exposure assessment, (3) effects assessment, and (4) risk 3 
characterization.  Selection of COPCs and radiological COPCs (discussed in Section 4 of this work plan), 4 
quantification of emissions (discussed in Section 5), and dispersion modeling (discussed in Section 6) 5 
feed critical information to this process.  The SLERA is intended to meet the following three goals 6 
identified by EPA in EPA530-D-99-001A, Screening Level Ecological Risk Assessment Protocol for 7 
Hazardous Waste Combustion Facilities (EPA 1999a): 8 

• It provides the high end, conservative exposure estimate. 9 
• It identifies which pathways are driving risks specific to a COPC and receptor. 10 
• It allows risk management efforts to be prioritized. 11 
 12 
A conceptual exposure model has been developed that identifies ecological receptors and complete 13 
exposure pathways (i.e., exposure scenarios).  The conceptual exposure model is shown in Figure 8-1.  14 
The conceptual model focuses on identifying complete exposure pathways for potentially exposed 15 
receptor populations. 16 
 17 
The following is a list of terrestrial ecological receptors selected for use in the SLERA: 18 

• Plants (Trophic Level 1)2 19 
• Terrestrial invertebrates (Trophic Level 2)2 20 
• Herbivorous mammals (Trophic Level 2) – mule deer 21 
• Herbivorous birds (Trophic Level 2) – mourning dove 22 
• Omnivorous mammals (Trophic Level 3) – Great Basin pocket mouse 23 
• Omnivorous birds (Trophic Level 3) – western meadowlark 24 
• Carnivorous mammals (Trophic Level 4) – coyote 25 
• Carnivorous birds (Trophic Level 4) – burrowing owl, red-tailed hawk 26 
 27 
The conservative approach is to assume receptors are exposed to air, soil concentrations, and terrestrial 28 
plants at the onsite ground 90th percentile.  This value represents a “high-end” ecological exposure, and 29 
was chosen to better represent the home range of the trophic level 4 receptors, whose exposure at a single 30 
discrete location is not probable.  For simplicity, the Columbia River maximum was chosen for assessing 31 
water and sediment related exposures. 32 
 33 
The aquatic ecological receptors selected for use in the SLERA are shown in bold on Figure 8-1 and are 34 
listed as follows: 35 

• Plants (Trophic Level 1)2 36 
• Benthic invertebrates (Trophic Level 2)2 37 
• Aquatic organisms, fish, and other aquatic biota (Trophic Levels 2 through 4)3 – bass, salmon, 38 

channel catfish, water fleas, other invertebrates 39 

                                                      
2 Species-specific measurement receptors not identified because the group is evaluated on a community level. 
3 Species-specific measurement receptors are planktivorous, omnivorous, and carnivorous fish; however, when 

sufficient data is available (e.g., toxic response data), Trophic Level 4 carnivores are assessed as salmon. 
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• Herbivorous waterfowl (Trophic Level 2) – Canada goose 1 
• Shorebirds (Trophic Level 3) – spotted sandpiper 2 
• Piscivorous birds (Trophic Level 4) – great blue heron, bald eagle 3 
• Piscivorous mammals (Trophic Level 4) – mink 4 
 5 
The reasons for selecting the representative receptors are provided herein.  The conservative approach 6 
taken is to assume receptors are exposed to water, sediment concentrations, and aquatic plants at the 7 
Columbia River maximum. 8 
 9 
Estimation of the risk to ecological receptors from COPCs in environmental media at an exposure 10 
location requires an estimate of exposure and a toxicity reference value (TRV).  The estimated dose is the 11 
dose associated with the exposure media in lower trophic-level receptors.  For higher trophic-level 12 
receptors, the estimated dose is the sum of the dose due to food (plants, prey, and associated radiation 13 
dose, as applicable) and the environment (which includes incidental ingestion of soil and sediment, water 14 
consumption, and external radiation dose from air, soil, and sediment).  The TRVs are concentrations or 15 
doses of constituents that are associated with a specified level of adverse effect and are receptor- and 16 
constituent-specific (refer to RAWP Supplement 4).  Risk estimates for a receptor at an exposure location 17 
are calculated as the ecological screening quotient (ESQ), which is the ratio of the estimated exposure 18 
level to the TRV.  There is limited data for developing inhalation TRVs and very limited data for 19 
developing dermal TRVs.  Therefore, inhalation and dermal absorption exposures will not be evaluated 20 
quantitatively.  Excluding inhalation and dermal exposure in the SLERA is a source of uncertainty. 21 
 22 
Refer to the RAWP (24590-WTP-RPT-ENV-14-002), Section 8, “Screening-Level Ecological Risk 23 
Assessment,” for more detail on risk characterization. 24 
 25 
The total ESQ for a receptor at a given exposure location is the sum of the ESQs for all COPCs with 26 
similar modes of toxicity and is an index of the combined risk from exposure to multiple COPCs.  27 
However, for the SLERA, ESQs for all COPCs of a specific type (inorganic, organic, and radiological), 28 
regardless of mode of action, will be grouped and summed; such summing represents the most 29 
conservative case and serves as a screening tool.  When the total ESQ by COPC type exceeds 0.25, 30 
additional ESQs by mode of action will be developed with the approval of Ecology if a scientific 31 
management decision so indicates.  Such ESQ values, if more than 1.0, may indicate a need for further 32 
consideration of the underlying scientific basis for the ESQ, as described in EPA 600/R-98/137, 33 
Methodology for Assessing Health Risks Associated with Multiple Pathways of Exposure to Combustor 34 
Emissions (EPA 1999b).  An ESQ for an ROPC is the ratio of estimated daily dose to its TRV.  TRVs for 35 
ROPCs are 0.1 rad/d for higher trophic-level species (terrestrial and riparian mammals and birds) and 1.0 36 
rad/d for lower trophic-level species (plants, aquatic biota, salmonids, and terrestrial and benthic 37 
invertebrates).  The threshold (or limit) value for a radiological ESQ is 1, either for an ESQ for a single 38 
ROPC or for a total ESQ for multiple ROPCs.  Total ESQ (also termed, “sum of fractions”) is the sum of 39 
ESQs for all single ROPCs. 40 
 41 
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Figure 8-1 Ecological Resources Conceptual Exposure Model 
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