
( Clearly, the use of l x 10-6 for regulation of individual risk is a highly 

( 

conservative use of acceptable cancer risk levels. 
predicted for the TMS facility is well below levels 
been of regulatory concern. 

The cancer risk l eve 1 
that historically have 

Conclusions from this risk assessment concerning emissions from the Teledyne 
McCormick Selph OB/OD operations near Hollister, California are as follows: 
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o Risk estimates have been developed based upon available data in a 
health conservative manner that tend to overestimate risk; 

o Cancer risks from the emissions fall within a level that 
historically has not been a concern for regulatory agencies. 

o Noncancer risks from the facility yield a hazard index less than one 
and should therefore be of little regulatory concern. 
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AAC average annual concentration
AAD average annual dose
ADAF age-dependent adjustment factor
AWQC ambient water quality criteria
BAF bioaccumulation factor
BCF bioconcentration factor
BTAG Biological Technical Assistance Group
COPC chemical of potential concern
COPEC chemical of potential ecological concern
CSM conceptual site model
dL deciliter
DOD Department of Defense
DTSC Department of Toxic Substances Control
dw dry weight
EAFB Edwards Air Force Base
Eco-SSL ecological soil screening level
EPA Environmental Protection Agency
ERA Ecological Risk Assessment
FIR food ingestion rate
FSL Forecast Systems Laboratory
GIabs gastrointestinal absorption factor
GRAF gastrointestinal relative absorption factor
HERO Human and Ecological Risk Office
HHERA human health and ecological risk assessment
HHRA human health risk assessment
HI hazard index
HQ hazard quotient
in inches
in2 square inches
IRIS Integrated Risk Information Service
ISCST Industrial Source Complex Short Term
ISH integrated surface hourly
IUR inhalation unit risk
kg kilogram
km kilometer
L liter
lbs pounds
LAAC lifetime average annual concentration
LADD lifetime average daily dose
LLNL Lawrence Livermore National Laboratory
LOAEL lowest observed adverse effect level
m Meter
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m2 square meter
m3 cubic meter
µg microgram
mg milligram
MBUAPCD Monterey Bay Unified Air Pollution Control District
MPRM Meteorological Processor for Regulatory Models
MSI McCormick Selph, Inc.
NOAA National Oceanic and Atmospheric Administration
NOAEL no observed adverse effect level
NSR New Source Review
NWS National Weather Service
OB/OD open burn/open detonation
OBODM Open Burn Open Detonation Model
OEHHA Office of Health Hazard Assessment
ORNL Oak Ridge National Laboratory
PEP Propellant Evaluation Program
PM particulate matter
PSEMC Pacific Scientific Energetic Materials Corporation
RCRA Resource Conservation and Recovery Act
RfC reference concentration
RfD reference dose
SCRAM Support Center for Regulatory Air Models
sec second
SF slope factor
SIR sediment/soil ingestion rate
2,3,7,8-TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin
TEF toxicity equivalent factor
TEQ toxicity equivalent
TRV toxicity reference values
TSU treatment/storage unit
USACHPPM US Army Center for Health Promotion and Preventive Medicine
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On behalf of Pacific Scientific Energetic Materials Company (PSEMC), we have 
prepared this human health and ecological risk assessment (HHERA) Work Plan to 
describe the methods that will be used to evaluate potential human and ecological 
impacts that may result from hazardous waste treatment operations at the PSEMC facility 
located at 3601 Union Road, near Hollister, California (the Site).  The PSEMC facility 
treats hazardous wastes containing explosive materials using two open burning/open
detonation (OB/OD) treatment facilities.  In a letter dated December 19, 2014, the 
Department of Toxic Substances Control (DTSC) requested that a HHERA be prepared 
in support of PSEMC’s permit renewal process for their hazardous waste treatment 
operations (DTSC, 2014c).

The Human and Ecological Risk Office (HERO) of DTSC provided a memorandum 
dated March 21, 2014 (DTSC, 2014a) that made recommendations for performing the 
HHERA.  In addition, DTSC provided examples of similar HHERAs performed for other 
OB/OD facilities (i.e., Edwards Air Force Base [EAFB], China Lake Naval Air Station
[China Lake], and Lawrence Livermore National Laboratory [LLNL]).  Representatives 
of PSEMC met with DTSC to discuss the proposed approach to the HHERA on July 10
and September 15, 2015.  This HHERA Work Plan is based on standard risk assessment 
practices and information provided by DTSC in writing, during the July and September
2015 meetings, and during subsequent discussions.

The 290-acre PSEMC facility is located 13 miles southwest of Hollister, San Benito 
County, California (Figure 1).  The property is zoned for industrial use (M1), and the 
immediately adjacent properties are zoned for agricultural use.  The vicinity of the site is 
sparsely developed.  The nearest residences are located approximately 1,300 feet east and 
400 feet north of the property boundary. San Justo Reservoir is located approximately 
1000 feet southeast of the property boundary.

The PSEMC facility has been operating since 1971.  The facility was operated as 
McCormick Selph Associates, which had been purchased by Teledyne, Incorporated in 
1964.  In 1983, the facility was aligned with Ryan Aeronautics and became Teledyne 
Ryan Aeronautical/McCormick Selph Ordnance (Teledyne Ryan).  In July 1999,
McCormick Selph, Inc. (MSI) became part of J.F. Lehman and Company, and in July 
2003, MSI was acquired by PSEMC (DTSC, 2003).

2.1 Site Description

The 290-acre facility consists of 33 buildings comprising almost 200,000 square feet. 
Teledyne Lake, which is approximately 21 acres in size, is centrally located on the 
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property and is used to store fire suppression water.  Fish are present in the lake. The
remainder of the property is undeveloped open space, and portions of the property outside 
the main operations area are used for cattle grazing (personal communication, Charlie 
Martin, July 7, 2015).

2.2 Operations

The PSEMC facility is used to manufacture explosives and explosive devices for 
aerospace, military, and commercial applications and produces specialty chemicals on a 
contract basis (DTSC, 2003).

2.3 Hazardous Waste Treatment Permit History

A Part A permit application was filed by Teledyne in November 1980, and interim status 
for hazardous waste treatment and storage was granted for the Site on April 6, 1981.  A 
final permit to store hazardous wastes in containers and tanks was granted in November
7, 1983, but treatment activities and storage in surface impoundments remained under 
interim status until July 28, 1993 (DTSC, 2003).  Those hazardous waste management 
units included:

 Part of Treatment/Storage Unit (TSU)-1:  A pit for detonation of solid reactive 
waste (closed June 13, 2000)

 TSU-1:  open burning of solid reactive waste
 TSU-2:  open burning of solvents contaminated with reactive wastes
 TSU-3:  hazardous waste container storage area (3 bays)
 TSU-4:  three aboveground hazardous waste storage tanks (closed July 31, 2003)
 TSU-6:  silver recovery reactor (closed October 4, 2000)
 TSU-7:  water evaporator unit (closed October 26, 2001)
 TSU-8:  water evaporator unit
 TSU-9:  treatment reactor (closed July 31, 2003)
 TSU-10:  waste photographic silver recovery unit (no longer regulated effective 

January 1, 1999).
 Treatment of two-part epoxy compounds by mixing in containers

Although the initial permit was set to expire in July 2003, operations continued under 
interim status at the relevant TSUs until the permit was renewed in 2006.  The current 
permit is set to expire in May 2016.  As identified above, only four of the original 10 
TSUs currently are active (TSU-1, TSU-2, TSU-3, and TSU-8).

2.4 On-going Hazardous Waste Operations

Hazardous wastes generated during manufacturing activities include solvents, hazardous
chemicals, metal powders, reactive components, explosives, flammable liquids, and 
corrosive solids and liquids. Hazardous wastes generated at the facility are either treated 
on site or transported off-site for treatment or disposal. Treatment focuses on hazardous 
wastes that contain explosive materials that may present a greater hazard during transport 
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if shipped off site. PSEMC does not accept hazardous waste generated outside their 
facility (DTSC, 2003).

Of the four active TSUs (TSU-1, TSU-2, TSU-3 and TSU-8), only operations at TSU-1
and TSU-2 are considered to generate emissions that may impact human or ecological 
receptors.  Each of these TSUs is described in more detail below.

TSU-1 consists of two parallel concrete pipes (burn tubes) that contain the open burn 
process.  Each pipe sits near ground level, and is 8.5 feet long and has a diameter of 10.5 
feet.  The two pipes are enclosed by a wire mesh cage and surrounded by a concrete wall 
that is 5 to 8 feet high.  In addition, a sloped roof that is 20 to 24 feet above ground level 
sits above the two pipes.  A 14-foot earthen berm surrounds TSU-1 on three sides
(DTSC, 2003). The TSU-1 concrete pipes are open on both ends, and emissions can exit 
either end of the pipes before escaping to open air beyond the wall, the berm, and the 
roof.

At TSU-1, reactive wastes are placed inside the concrete pipes and covered with wood 
shavings (referred to as excelsior).  From a remote location, the excelsior is lit and the 
material burns over an approximately 10-minute period.1 At least 48-hours later, the area 
is inspected for unburned waste material, which when found is reconfigured in the 
concrete pipes with excelsior and burned a second time.  In some cases, additional 
materials are added to the second burn (personal communication, Charlie Martin, August
12, 2015).  In 2014, second burns occurred approximately 33 percent of the time 
(personal communication, Charlie Martin, August 12, 2015). A more detailed description 
of the specific hazardous wastes treated at TSU-1 is provided in Section 3.0.

The current and proposed RCRA Part B permit limits the amount of waste treated at 
TSU-1 to 500 pounds gross weight (i.e., explosive materials and non-explosive materials 
such as metal casings and water) per day for open burning and 100 pounds net explosive
material per day for detonation (DTSC, 2006). However, as noted above, the pit formerly 
used for open detonation at TSU-1 was closed in 2000, and remaining treatment activities
at TSU-1 are limited to open burning such that this latter permit limit does not currently 
apply to treatment activities at TSU-1. In addition, the proposed RCRA Part B permit 
limits the amount of explosive (reactive) material that can be burned at TSU-1 on a single 
day to 125 pounds, and the total explosive material that can be burned at TSU-1 over an 
entire year to 4,700 pounds. This latter proposed permit limitation is lower than that 
specified in the current air quality permit to operate TSU-1, which limits the amount of 
waste treated at TSU-1 to 7,000 pounds explosive (reactive) material per year 
(MBUAPCD, 2007). Between 2010 and 2014, PSEMC treated between 0.15 and 110
pounds of explosive materials per burn event; the median amount of net explosives
treated was approximately 8 pounds.  On an annual basis, the total amount of net 
explosives treated ranges from approximately 730 to 1,080 pounds during this time 

1 During the course of burning the explosive materials, small detonations may occur 
intermittently.
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period (Appendix A).  These data illustrate the relatively small amounts of explosives 
currently treated at TSU-1 as compared to the proposed permit limits.

Photographs of TSU-1

TSU-2 is a simpler operation where solvents containing reactive material are placed in an 
open container located inside a designated bermed area and burned. TSU-2 consists of 
solvent incineration basins.  Each basin is a 55-gallon drum that is cut length-wise to
create a 30-gallon volume. Each set of two racks contains four split drums for total of 8 
basins. The basins are arranged in a double-boiler configuration where the more volatile 
solvents are placed in the lower container and less volatile (e.g., containing more water) 
are placed in the upper container.  The fire is initiated remotely in the lower container,
which ignites the upper container (DTSC, 2003). TSU-2 is also surrounded by an earthen 
berm on three sides that is approximately 10 feet high (see photograph below).  Vertical 
dispersion from TSU-2 is unrestricted.

The proposed RCRA Part B permit limits the amount of waste treated at TSU-2 to 240
gallons per day, which is lower than the 300 gallon per day limit in the current air quality 
permit to operate TSU-2. Between 2010 and 2014, PSEMC treated between 
approximately 4 and 150 gallons of solvent waste per burn event; the median amount of 
solvent waste treated was approximately 70 gallons.  These data illustrate the relatively 
small amounts of solvent waste treated at TSU-2 as compared to the proposed permit 
limits. Additionally, during this same time period, the total number of burns at TSU-2
ranged from one to five per year, resulting in a total of 14 burns over the five years.
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Equipment at TSU-2 in storage

2.5 Environmental Conditions and Environmental Fate and Transport 
Model

Operations at both TSU-1 and TSU-2 result in periodic airborne emissions (in the form of 
gases/vapors and particulates) that distribute chemicals to the environment. This site 
conceptual fate and transport model describes how the chemicals are released and 
distributed in the environment.

In addition to their release to air, non-volatile chemicals emitted from treatment 
operations at TSU-1 and TSU-2 may deposit to soil or surface water.  Chemicals in soil 
in the vicinity of TSU-1 and TSU-2 may be taken up into terrestrial plants growing in the 
area and by small mammals in the area.

Airborne particulate emissions from the site may migrate and deposit to off-site soil at the 
property perimeter and in the residential areas near the facility. Cows graze at the 
perimeter, but concentrations in soil and taken up into pasture grasses would be present in 
lower concentrations there than in the areas where small mammals graze near TSU-1 or
TSU-2. As such, additional ecological receptors at distance from TSU-1 or TSU-2 are not 
considered for off-site soil.

Airborne particulate emissions from the site may also migrate and deposit to surface 
water, specifically Lake Teledyne and San Justo Reservoir.  Fish in either water body 
may take up chemicals present in the water. 
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Considering environmental conditions and fate and transport, chemicals emitted from 
operations at TSU-1 and TSU-2 may be present in the following on- and/or off-site
environmental media relevant to specific receptors:

 Air (on-site and off-site)
 Soil (on-site near TSU-1 and TSU-2 and off-site near residents and at San Justo 

Reservoir)
 Plants (on-site near TSU-1 and TSU-2 and off-site near residents)
 Small mammals (on-site near TSU-1 and TSU-2)
 Grazing cows (at the site perimeter)
 Surface water (Lake Teledyne and San Justo Reservoir)
 Fish (Lake Teledyne and San Justo Reservoir)

Figure 3 provides a diagram showing the environmental fate and transport of chemicals 
originating at the PSEMC facility.

As a RCRA permitted facility, PSEMC is required to keep precise hazardous waste 
generation records for materials treated at TSU-1 and TSU-2, as well as materials stored 
at TSU-3 and water evaporation at TSU-8.  Each hazardous waste container has a unique 
number assigned to it so that it can be tracked throughout its lifecycle at the facility.  The 
Security and Environmental Affairs Department at PSEMC maintains an electronic 
database record of all the hazardous waste generated on site.  This electronic data base 
tracks the generating process, generating department, EPA waste management code, 
storage location, accumulation date, waste name and/or constituents, container size, net 
weight, ultimate disposition, disposition date, and a hazardous waste manifest number if 
applicable (personal communication, Charlie Martin, August 12, 2015).

The electronic record was reviewed to identify wastes treated at TSU-1 and TSU-2 over 
the past 10 years (i.e., 2005-2014).  A ten-year time period was used because it coincides 
with the period since the last RCRA Part B permit renewal and would capture the 
variability in operations over that time period.  To understand variability, the data from 
2005 to 2014 were divided into two groups, 2005 to 2009 and 2010 to 2014.  It would be 
expected that data for 2010 to 2014 represent current operations but 2005 to 2009 may 
identify wastes that have been generated in the past and may be generated again in the 
future.

As shown in the treatment inventory provided by PSEMC, a wide variety of materials are
treated at TSU-1 (Appendix A).  This results from PSEMC’s production of specific 
materials for a wide variety of customers for different purposes.  PSEMC’s production 
varies as the needs of their customers vary.  Because solvents are the vast majority of the 
wastes treated at TSU-2, the variety of materials handled is smaller at TSU-2 than at 
TSU-1 (Appendix B).
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3.1 Emissions from TSU-1

To estimate emissions from TSU-1, the wastes and components of the wastes treated at 
TSU-1 were identified.  Emission rates were then developed for those wastes and 
explosives that represented the majority of the wastes treated.

3.1.1 Explosives Treated at TSU-1
Table 1 lists the explosive materials treated at TSU-1 and the percent of each explosive 
material compared to the total amount of explosive materials treated during three time 
periods: 2005 to 2009, 2010 to 2014, and over the combined 10-year period (2005 to 
2014). For purposes of identifying explosive materials to be included in the HHERA, a 
cut-off of 1% was initially used to delineate those materials that were treated most often 
over the past 10 years. As shown in the table, only a small number of the explosive
materials were treated in quantities that represented greater than 1 percent of total 
explosive materials treated.  For the period from 2005 to 2009, 16 individual explosive
materials each represented 1% or more of the total amount of explosive materials treated, 
and in total, represented 86% of the explosive materials treated during this time period. 
For the period 2010 to 2014, 15 individual explosive materials represented 1% or more of 
the total amount of explosive materials treated, although the specific explosive materials
were not all the same as those from 2005 to 2009.  In total, these 15 explosive materials
represented 92% of the explosive materials treated during this period.  Ammonium 
perchlorate represented the highest percentage of explosive materials treated in both time 
intervals (28% for 2005 to 2009 and 37% for 2010 to 2014).  Of the explosive materials
that were above 1% of the total in 2005 to 2009, but below in 2010 to 2014, only 
zirconium metal powder may continue to be treated at levels near 1% of the total mass 
(personal communication, Charlie Martin, August 20, 2015).  The remaining explosive
materials were being or had been phased out or the amounts were not anticipated to 
increase to greater than 1%. 

For purposes of this assessment, emissions from TSU-1 will be based on the data for the 
period 2010-2014, primarily because activities during this period are most representative 
of current operations, and thus mostly likely to be representative of future operations at 
the facility.  As noted, 15 explosive materials represented 92% of the total explosive
materials treated at TSU-1 during this period, with all of the remaining explosive
materials representing the remaining 2%. During the September 15, 2015 meeting to 
discuss this work plan, DTSC expressed interest in the materials in the remaining 8% of
the material treated that would otherwise be excluded from the HHERA. The list of 
explosives was reviewed, and the 11 explosives that represented 0.3% to 1% of the 
explosives treated were added to the list for TSU-1. In total, these 26 materials represent
over 97% of the total explosive materials treated between 2010 and 2014. In addition,
zirconium metal powder, which represented approximately 1% of explosive materials
treated for the period 2005-2009, and may be treated at similar levels in the future, will 
also be included in the HHERA.  Emissions of these 27 explosives will be scaled up from
98% (97% plus 1%) to a total of 100% explosive materials treated for the purpose of 
estimating emissions. Other components of the wastes treated at TSU-1 (e.g., metals, 
water) are presumed to be inert (e.g., metals remain within the pipe and are part of the 
residual ash that is collected) and are not included in the emission estimates for TSU-1.
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3.1.2 Emissions from Open Burning at TSU-1
Combustion byproducts emitted from burning the 27 explosive materials included in the 
HHERA were predicted using the MICROPEP Thermal Equilibrium Program (v1.0;
Martin Marietta, 1987), which is a PC version of the Propellant Evaluation Program
(PEP) originally developed at China Lake (referred to herein as the “PEP code”). Several
pieces of information need to be entered into the PEP code for each ingredient of the 
individual explosive material being modeled, including chemical name, chemical 
formula, heat of formation, and density. The output from the PEP code is a list of 
chemical species produced by combustion of the explosive material and the amount of 
that material emitted per amount of material burned (to a limit of detection of 1 ×10-7

moles/100 grams).  For ease of calculations, the latter value is converted to units of 
pounds emitted per pounds burned. The PEP code was run individually for each 
explosive material.  The PEP code output is provided in Appendix B. As shown in the 
appendix, essentially 100% of the mass is conserved (i.e., for every 100 pounds burned, a 
total of ~100 pounds is emitted). A total of 117 unique chemical species were predicted 
to be emitted during the burning of these 27 explosive materials (Table 2).

With the exception of potassium perchlorate, the PEP code predicted the “parent”
explosives (i.e., the starting explosive material) would be completely converted to other 
chemical species during treatment and not emitted.  During the September 15, 2015 
meeting, DTSC commented that this was different from other OB/OD facilities for which 
HHERAs had been completed in the past 10 years (i.e., EAFB, China Lake, and LLNL),
which included emission factors for “parent” explosive materials based on alternative
methods to the PEP code for estimating emissions from OB/OD activities (EAFB, 2012; 
URS, 2007; LLNL, 2007). To address this issue, “parent” explosives treated at TSU-1
that also were evaluated in one or more of these previous risk assessments were identified
(the parent explosive in each of the 27 explosive materials included in the HHERA are 
provided in Table 3). The emission factor of these “parent” compounds at TSU-1 was 
assumed to be equal to the maximum emission factor among the EAFB, China Lake, or 
LLNL risk assessments.  The specific parent explosives assumed to be emitted include 
ammonium perchlorate, HMX, and RDX.

DTSC was also interested in emissions of polychlorinated dibenzo-p-dioxins and 
polychlorinated dibenzo-p-furans (dioxins and furans), which were not predicted to be 
emitted by the PEP code, but were included in the EAFB, China Lake, and LLNL risk
assessments.  While the reason for this discrepancy may be related to the fact that these 
other facilities treat wastes that are different from those treated at TSU-1 and/or the PEP
code’s detection limit, dioxins and furans will be assumed to be emitted during treatment 
at TSU-1, but only for those explosive materials containing chlorine. Of the prior 
assessments, China Lake was the only one to evaluate all 17 dioxin and furan congeners; 
therefore, the emissions factors from the China Lake assessment were used (URS, 2007). 
To simplify the analysis, the emission factors for the 17 individual dioxin and furan 
congeners were combined into a 2,3,7,8-tetrachlorodibenzo-dioxin (2,3,7,8-TCDD)
toxicity equivalent (TEQ) emission factor based on toxicity equivalent factors (TEFs) 
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recommended by the World Health Organization (Van den Berg et al., 2006) and the
Office of Environmental Health Hazard Assessment (OEHHA 2015a).

Finally, as noted above, explosive materials treated at TSU-1 are covered by wood 
shavings (excelsior) to facilitate combustion.  Some treatment operations at China Lake 
also include wood as a fuel, and the byproducts of combustion were evaluated based on 
data collected for wood burning from residential fireplaces (URS, 2007).  For purposes of
this assessment, the same chemicals will be assumed to be emitted during burning of 
excelsior during treatment of all explosive materials at TSU-1 using the same emission 
factors. The specific chemicals assumed to be emitted during combustion of the excelsior 
include benzo(a)pryene, carbon monoxide, formaldehyde, nitrogen dioxide, and sulfur 
dioxide (URS, 2007).

3.1.3 Components and Mass of Simulated Burn
As noted in Section 2.4, the proposed permit limits on the amount of waste treated at 
TSU-1 are 125 pound net explosive weight or 500 pounds gross weight per day for open 
burning, 100 pounds net explosive weight per day for detonation, and 4,700 pounds net 
explosive weight per year. Because there are 365 days per year, the 4,700 pounds net 
explosives weight per year is more restrictive than 100 or 125 pounds net explosives per
day. For purposes of this HHERA, emissions from TSU-1 will be based on a simulated 
burn comprised of the 27 explosive materials identified above, scaled to the permit limit.
Because there are two types of permit limits, one based on gross weight and the other 
based on net explosive weight, two simulated burns will be evaluated. The relative 
amount of each explosive material treated in each of the simulated burns will be based on 
the data for actual treated waste from 2010 to 2014 described above.  Specifically, when
wastes containing one or more of the 27 explosive materials was burned, 16% of the 
gross weight treated during this time period was explosive materials, with the remaining 
waste comprised of essentially inert materials (e.g., metals, water) (see Appendix A).
Assuming the permit limit of total gross weight of 500 pounds, the net explosive weight 
would be approximately 80 pounds (16%).  The relative weights of the 27 explosive 
materials within these 80 pounds was estimated based on the relative weights in wastes 
actually treated between 2010 and 2014, except for zirconium metal powder, which was 
based on data from 2005 to 2009.  For example, HMX represented 2.2% of the total 
explosives contained in treated wastes containing the 27 materials between 2010 and 
2014, which is 1.76 of the 80 pounds of explosive materials treated in this simulated burn
or 0.022 pounds HMX/pounds net explosives. Based on the permit limit of 4,700
pounds net explosive weight per year, it will be assumed that 59 of these 80 pound
simulated burns occur each year.

The second simulation was based on the proposed permit limit of 125 pounds net 
explosives per day and used to assess the worst-case 1-hour average concentration on any 
one day during the year. The relative percent of each of the 27 explosive materials within
the 125 pounds was again estimated based on the relative weights of these materials 
treated between 2010 and 2014, but limited to the subset of waste materials comprised of 
100% explosive materials (i.e., net explosive weight = gross weight).  Based on this 
subset of materials, HMX represented 1.8% of the total explosives contained in the 
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treated wastes comprised of the 27 explosives during this time period, which would 
represent 2.25 of the total 125 pounds of explosive materials.

3.1.4 Final Emission Factors
The final step in estimating emissions from TSU-1 during each of the two simulated 
burns was to calculate emission factors for each chemical species based on the emission 
rate from the information source (i.e., PEP code or factors from the EAFB, China Lake, 
or LLNL risk assessments) and the relative amount of each explosive material in each 
simulated burn.  These final emission factors for each chemical are summed across all 27 
explosive materials to estimate a total emission for each chemical species (pound emitted 
per pound burned).  These total emission factors will be combined with the output from 
the air dispersion model to estimate chemical-specific concentrations at each receptor 
location (see Section 4.0).  The emission factors for the individual chemicals emitted as a 
result of combustion of individual explosive materials are provided in Appendix C; the 
total emission factors for each chemical across all explosive materials are provided in 
Table 2.

3.2 Emissions from TSU-2

The wastes and components of the wastes treated at TSU-2 were identified between 2005 
and 2014.  Emission rates were then developed for those wastes and explosives that 
represented the majority of the wastes treated.

3.2.1 Materials Treated at TSU-2
Table 4 lists the wastes treated at TSU-2 and the percent of each material in the total 
amount of wastes treated during the three time periods: 2005 to 2009, 2010 to 2014, and 
over the 10-year period (2005 to 2014).  Unlike TSU-1, the vast majority of wastes 
material treated at TSU-2 are non-explosive solvents, with explosive materials 
comprising approximately 1 percent of the waste treated during this time period. Eight
solvents represented greater than 1% of the total waste treated at TSU-2 for the period of 
2005-2009, and in total 98% of the waste treated during this time period.  For 2010-2014,
only six solvents were included among the materials treated, which in total represented 
greater than 99% of the total waste treated. The two additional solvents identified for the 
2005-2009 time period, acetonitrile and tetrahydrofuran, are being phased out; therefore,
these solvents are not expected to be present in future treatment (personal 
communication, Charlie Martin, August 20, 2015). Also, while included in the list of 
solvents on the current air permit, pyridine was not used at the facility between 2005 and 
2014, nor is it expected to be used in the future (personal communication, Charlie Martin, 
November 25, 2015). No individual explosive material represented more than 1% of the 
total waste treated over this 10-year time period; however, five explosives represented 
greater than 0.1% for the period 2005-2009.  Four explosives represented greater than 
0.1% for the period 2010-2014, although they were not the same list of individual
explosives as for 2005-2009.  Of the explosives representing greater than 0.1% of the 
total waste treated during 2005-2009, but not during 2010-2014, none are expected to 
increase to levels above 0.1% in the future (personal communication, Charlie Martin,
August 12, 2015).
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Similar to TSU-1, emissions from TSU-2 will be based on data for the period 2010-2014.
In total, the six solvents representing greater than 1% and four explosive materials 
representing greater than 0.1% of the total waste treated at TSU-2 during this time period
comprised 99.8% of the treated waste.  Emissions from these 10 materials will be scaled 
up from 99.8% to a total of 100% of treated waste for the purpose of estimating 
emissions. Because the majority of the wastes treated at TSU-2 are solvents, emissions 
may also result from evaporation prior to burning and then during burning.  The methods 
used to estimate emissions from evaporation or open burning are discussed separately 
below.

3.2.2 Emissions from Evaporation at TSU-2
The majority of the solvents treated at TSU-2 between 2010 and 2014 was comprised of 
acetone (see Table 4).  Therefore, to estimate the amount of solvent that might evaporate 
from TSU-2 prior to burning, PSEMC conducted a bench-scale test using acetone
(Appendix D).  Specifically, 8,000 ml of acetone was added to a stainless steel pan 40 
inches long, 14 inches wide and 2 inches deep (surface area of 560 square inches [in2]).
After 1 hour at 65°F, 3,800 ml of acetone remained in the pan, or a net evaporation of 
4,200 mL or 7.3 ml/in2 (or ~0.013 pounds/in2). The actual containers used at TSU-2 are 
55-gallong drums cut in half lengthwise.  The surface area of solvent in these containers 
when holding approximately 30 gallons of liquid is approximately 776.25 in2 (34.5 inches 
long and 22.5 inches wide).  Assuming a total of 8 containers (240 gallons, which is the 
proposed permit limit for TSU-2), the total surface area available for evaporation is 6210
in2.  Assuming a loss of ~0.013 pounds/in2 over an hour-long period (the estimated time 
to load 240 gallons of waste into the 8 containers), approximately 81 pounds of acetone 
would evaporate, or approximately 5.1% of the starting material (1584 pounds acetone).
Therefore, for purposes of the HHERA, 5% of the 240 gallons treated at TSU-2 will be 
assumed to evaporate and the remaining 95% will be assumed to be burned.  A weighted 
average density of the six solvents treated was used to convert the treated volume to 
pounds.

3.2.3 Emissions from Open Burning at TSU-2

3.2.3.1 Combustion Byproducts
Combustion byproducts emitted from burning the six solvents and four explosive 
materials included in the HHERA were also predicted using the PEP Code, with the 
output provided in Appendix E.  As with the PEP Code results for TSU-1, essentially 
100% of the mass is conserved.  A total of 16 chemical species were predicted during the 
burning of these 10 materials (Table 5), all of which were also predicted to be emitted 
during burning at TSU-1.

3.2.3.2 Components and Mass of Simulated Burn
As noted in Section 2.4, the permit limit for the amount of waste treated at TSU-2 is 300 
gallons per day.  Consistent with the approach described above for TSU-1, emissions 
from TSU-2 will be based on a simulated burn of the six solvents and four explosive 
materials identified above scaled to the permit limit.  The relative amount of each 
material burned will be based on the data for actual treated waste from 2010 to 2014 
described above. The vast majority of the wastes treated at TSU-2 is comprised of 
solvents.  Between 2010 and 2014, the percent of explosive materials in the total material 
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burned ranged from <0.01% to 4.1% when wastes containing one or more of the 10 
identified materials was burned, with the average over the entire time period of 
approximately 0.5% (see Appendix B).  Because the permit does not limit the relative 
percent of explosive material burned, the upper end of this range, or 4%, was assumed for 
purposes of the HHERA, with the remaining 96% assumed to be comprised of solvents.
The relative percent of the solvents or explosives in the two components of the treated 
material was estimated based on the relative weights in the wastes actually treated 
between 2010 and 2014.  For example, acetone represented approximately 69% of the 
total solvents contained in the treated wastes containing the 10 materials during this time 
period.  Similarly, HMX represented approximately 25% of the total explosives treated.

3.3 Other Potential Emission Sources

Based on the examples provided by DTSC, other potential emission sources associated 
with OB/OD operations include: (1) resuspension of soil during open burning or 
detonation, (2) resuspension during waste handling when residual materials are collected, 
and (3) resuspension from vehicle traffic or windblown dust from exposed soil in the 
vicinity of the treatment areas.  However, these additional emission sources are negligible 
at the PSEMC facility for the following reasons, and will not be included in HHERA.

 Resuspension of soil during open burning is not significant at the PSEMC facility 
because operations occur inside concrete pipes (TSU-1) or in containers (TSU-2)
rather than on open soil.

 According to the 2005 Part B permit, ash generation is limited to the cellulose 
fuel used, small amounts of organic material and loose granules, pellets or billets.
The residual ash from TSU-2 is treated at TSU-1. The small amounts of residual 
material and ash that are collected after each burn are handled manually (not by 
large equipment) and any dust generated has a very limited area where impacts 
may occur.

 Vehicle traffic in the areas around TSU-1 and TSU-2 is negligible (1 to 2 vehicles 
on unpaved roads per week for the OB/OD activities); therefore, negligible dust 
would be generated. Windblown fugitive dust is generated from disturbed 
surfaces such as active construction areas and storage piles.  Undisturbed surfaces 
are generally resistant to wind erosion on account of the lack of erodible material 
(EPA, 2015a).  In addition, the presence of vegetation also limits the generation of 
windblown dust.  The general areas around TSU-1 and TSU-2 are undisturbed 
surfaces and are predominantly covered with grasses.  Therefore potential fugitive 
emissions of windblown dust would be insignificant.

Accordingly, the only source that will be evaluated in the HHERA is the OB/OD 
activities.

3.4 Chemicals of Potential Concern for HHERA

As discussed above, a total of 117 unique chemical species were predicted to be emitted 
during open burning of the 27 explosive materials identified for TSU-1, with 16 of these 
chemical species also predicted to be emitted during open burning of the six solvents and 
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four explosive materials identified for TSU-2.  In addition to these chemicals, it will be 
assumed that dioxins and furans (as 2,3,7,8-TCDD TEQ) will be emitted during burning 
of chlorine-containing explosives at TSU-1, parent explosives ammonium perchlorate, 
HMX and RDX will be emitted during burning of explosive materials containing these 
compounds at TSU-1, and benzo(a)pyrene, carbon monoxide, formaldehyde, nitrogen 
dioxide, and sulfur dioxide are emitted during burning of the excelsior fuel at TSU-1 (of 
these, carbon monoxide, formaldehyde, and nitrogen dioxide were also predicted to be 
emitted as a result of burning explosive materials).  Finally, the six solvents identified for 
TSU-2 may be emitted as a result of evaporation prior to burning. In combination, 129 
unique chemicals are assumed to be emitted from OB/OD operations at TSU-1 and TSU-
2.  All of these chemicals will be considered chemicals of potential concern (COPCs) in
the HHERA except those that were considered to be: 1) an inert gas and/or a primary 
component of air (argon, carbon dioxide, water, nitrogen, oxygen); 2) highly reactive and 
unstable, likely forming a more stable compound that is otherwise considered a COPC 
(carbon, ethynide radical, carbenium (+) [or methanide (-)], formyl radical [or 
methanone], chloride radical, fluorine anion, hydrogen radical, hydrogen, hydroxide 
radical, nitrogen radical, oxygen radical); 3) not a systemic toxin and/or toxic only at very 
high concentrations (methane, carbon monoxide); or 4) an appropriate surrogate for
toxicity could not be identified (chlorine dioxide). The remaining 110 COPCs are listed
in Table 6.  All of these chemicals are considered COPCs for air, but only those that 
include a metallic element (with the exception of halogenated metalloids because they are 
volatile) and/or have a vapor pressure less than 1 mmHg will be assumed to deposit to
soil or water (and subsequently to plants, animals, and fish) (see Table 6).

Air dispersion modeling will be performed for the two open burn sources at the PSEMC 
facility:

 TSU-1 – Ordinance Treatment Unit, and
 TSU-2 – Open-Air Waste Solvent Burning Equipment.

These sources have different configurations that are required to handle the specific forms
of reactive materials at each unit. In addition, solvent evaporation occurs at TSU-2 as the 
burn is set up but before it is ignited (estimated to occur over 1 hour).

Dispersion modeling for open burn of reactive materials includes:

 Selection of the appropriate model to simulate the activity being characterized;
 Determination of appropriate source configurations to reflect the activity 

modeled;
 Identification of meteorological data to be used in the dispersion modeling 

analysis;
 Determination of the modeling domain and appropriate locations (receptors) to be 

evaluated for air pollutant concentrations;
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 Evaluation of local terrain and land use; and
 Calculation of ambient air concentrations at appropriate receptor locations for

relevant averaging periods.

4.1 Model Selection

The proposed air dispersion model to evaluate air pollutant emissions from open burning 
at TSU-1 and TSU-2 is the Open Burn/Open Detonation Dispersion Model (OBODM).
The most recent version of this model is Version 1.3.0024, dated June 6, 2007.  This 
model is available from the U.S. Environmental Protection Agency's (EPA’s) Support 
Center for Regulatory Air Models (SCRAM) website.

OBODM is listed as the preferred model in the Draft Final Open Burning/Open 
Detonation Permitting Guidelines (Tetra Tech, 2002).  Although not a recommended 
model for state and federal New Source Review (NSR), EPA considers OBODM as an 
alternative model that may be used “if the preferred model is less appropriate for the 
specific application” (EPA, 2005a). Given the nature of the open burn sources at the 
PSEMC facility, OBODM is more appropriate than the traditionally “preferred” models 
because this model has the capability to calculate the plume rise based on the 
thermodynamic properties of the material that is burned.  The use of a preferred model 
would require additional calculations prior to modeling to duplicate this capability.

Evaporated solvent emissions from TSU-2 that are not related to any combustion activity 
will be modeled using EPA’s SCREEN3 model (EPA, 1995).

4.2 Model Description

OBODM was developed at the Dugway Thermal Treatment Facility, Dugway Proving 
Ground, Utah, for the open burning and open detonation of obsolete munitions and 
propellants (Bjorklund et al., 1998). OBODM uses cloud/plume rise, dispersion, and 
deposition algorithms taken from existing models for instantaneous (open detonation) and 
quasi-continuous (open burn) sources to predict the downwind transport and dispersion of 
pollutants released by the combustion of propellants.  OBODM can consider two types of 
quasi-continuous or instantaneous sources: volume and line (which is treated as a series 
of volume sources).

OBODM can also model simple terrain (terrain with zero elevation) for particulate matter
(PM) and gaseous pollutants, or complex terrain (terrain with elevations higher than the 
emission sources) for gaseous pollutants.  The simple terrain modeling would include 
emission sources with zero base elevations and receptors with zero elevations or “flag
pole” elevations.  The complex terrain modeling uses receptors whose elevations are 
based on the local topography.

SCREEN3 is a single source Gaussian plume model, which estimates maximum ground 
level concentrations for point, area, flare, and volume sources (EPA, 2015d).  In this case, 
the evaporative emissions will be modeled as point source.
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4.3 Meteorological Inputs

OBODM modeling will be conducted with five years (2010 – 2014) of hourly 
meteorological data in the Industrial Source Complex Short Term (ISCST) dispersion 
model format.  The use of five years of offsite meteorological data is the EPA 
requirement for air permitting modeling analyses (EPA, 2005a).  The ISCST format 
allows OBODM to perform dispersion calculations for each hour of the year, thus, 
allowing this model to evaluate the different meteorological conditions that may occur 
during the year and over the course of five years.

The ISCST meteorological data format is developed from raw hourly surface 
meteorological data, and raw twice-daily upper air sounding data. Raw hourly surface 
meteorological data are typically measured 10 meters (m) above the ground level and 
provide wind speeds, wind directions, temperature, relative humidity, and some upper air 
data—such as cloud cover or ceiling height—that are processed to be used with the 
dispersion model.  Raw upper air data are provided as twice-daily soundings that collect 
wind, temperature, pressure, and relative humidity data at different levels of the 
atmosphere.  To generate mixing height data (the upper boundary of pollutant dispersion) 
that are required to process the ISCST data, the sounding data are processed along with 
hourly surface meteorological data to generate twice-daily mixing height data.

The meteorological data processor Meteorological Processor for Regulatory Models 
(MPRM) is recommended by the USEPA for generating the final ISCST formatted file 
that will be used in the dispersion modeling analysis (EPA, 1996 and EPA, 2005b).  This 
processor combines the twice-daily mixing height data with the hourly surface data to 
determine hourly mixing height and atmospheric stability parameters (for calculating 
horizontal and vertical dispersion) that will be used with the dispersion model.  MPRM 
also generates the wind speed, wind direction, and temperature data that are included in 
the ISCST meteorological data file. The combined meteorological data file (the ISCST 
formatted file) is then used as the meteorological input for the dispersion modeling 
analysis.

The raw surface meteorological data that will be used in the dispersion modeling is the
Integrated Surface Hourly (ISH) formatted data (National Oceanic and Atmospheric 
Administration [NOAA], 2015a) from the Hollister Municipal Airport (CALL: KCVH).
The ISH format is the current format for National Weather Service (NWS) surface 
meteorological data.  The Hollister Airport data are the most applicable NWS hourly data 
for this modeling analysis based on the completeness of the data and the proximity of 
Hollister Airport to the PSEMC facility. 

The Hollister Airport data will also be used to calculate twice-daily mixing heights along 
with the upper air sounding data. The raw upper air sounding (radiosonde) data that will 
be used is the Forecast Systems Laboratory (FSL) formatted data (NOAA, 2015b) 
collected at the Oakland International Airport.  There are only seven active radiosonde 
stations in California, and Oakland is the best choice based on proximity and elevation.
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SCREEN3 uses conservative default assumptions regarding meteorological conditions, 
and does not require hourly meteorological data.

4.4 Source Data

The specific layout and descriptions of TSU-1 and TSU-2 are presented in Section 2.4.

The majority of open burn operations at the PSEMC facility take place at TSU-1.  An 
open burn at TSU-1 or TSU-2 will begin between 1:00 PM and 3:00 PM (Pacific time).
In addition, following U.S. Department of Defense (DOD) requirements, open burns will 
only occur at wind speeds less than or equal to 15 mph (DOD, 2008).

Open burns at TSU-1 are less than 20 minutes in duration, and typically last 5 to 10 
minutes.  Open burns at TSU-2 are less than 180 minutes in duration, and typically last 
90 to 120 minutes (personal communication, Charlie Martin, August 12, 2015; November
19, 2015).  Only one open burn would occur at either TSU on any day; therefore, open
burns at both TSUs would not occur concurrently.

Typically, an unrestricted open burn would be configured using the actual dimensions of 
the source.   Although TSU-1 is not completely enclosed, its roof would restrict initial 
vertical dispersion relative to an unrestricted open burn source.  Therefore, the emissions 
from TSU-1 cannot be configured as an unrestricted open burn source.

To address the nature of expected dispersion from TSU-1, this source will be configured 
as a volume source with the horizontal dimensions of 10 m by 10 m and using the 
source’s actual orientation. The release height will be set to 1.0 m, and the vertical 
dimension of the initial source material will be 0.1 m. The low vertical dimension of the 
initial source material will be used to limit the height of the initial dispersion that would 
be caused by the roof.

The material burn rates for TSU-1 will be set to the same burn rate that was used for open 
burns for OBODM modeling for the China Lake assessment (URS, 2007).  This burn rate 
simulated the observed burn rates at TSU-1 better than the burn rate calculated by 
OBODM.

Although small detonations may occur during an open burn at TSU-1, the enclosed 
structure of this source limits any additional plume rise that would result from 
detonations, and most of the detonated material is contained within the combustion zone.
In addition, OBODM models a detonation as an instantaneous release of pollutants rather 
than a quasi-continuous release; therefore, it is more accurate to model this source as an 
open burn rather than an open detonation source.

Emissions from TSU-2 are vertically unrestricted, and this source will be configured as a 
volume source with its actual dimensions.  The duration of the burn at TSU-2 will require 
an adjustment to its OBODM source configuration because this model limits burn times 
to 1 hour (so as not to exceed the meteorological data time step).  Therefore, the mass of 
material burned at TSU-2 will be based on the maximum amount of material that would 
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complete its burn within 1-hour.  In addition, because TSU-2 burns can last up to three 
hours, additional 1-hour burns that begin at 2:00 and 3:00 PM, and 3:00 and 4:00 PM 
(depending on a start time between 1:00 and 3:00 PM) will also be modeled for TSU-2.

The amount of material burned during each hour at TSU-2 will be assumed to be one 
third of the maximum daily allowable amount.  The OBODM burn rate will be set so that 
the hourly open-burn will last for the full 1-hour period.

As discussed in Section 3.2.2, approximately five percent of the solvents treated at TSU-2
will evaporate prior to initiating the burn. Evaporative emissions are anticipated to occur 
over a 1-hour period while the burn is set up.

4.5 Terrain and Land Use

The terrain in the general area would be considered complex because there is a
predominant amount of terrain surrounding the TSU-1 and TSU-2 that is elevated above 
the emission sources.  To address the terrain conditions, dispersion modeling will be 
conducted for complex terrain.  Because OBODM excludes modeling PM (with 
appreciable gravitational settling velocities) from complex terrain modeling, the proposed 
approach means that any pollutants emitted as particulates included in this analysis would 
be assumed to disperse as if they were gases, and would not be subject to gravitational
settling.  Under this scenario, deposition of PM to surrounding soil will be accounted for 
using calculations based on a default deposition rate (Section 5.2).

Based on the density of residential and industrial development, the land use within 3 km 
of the PSEMC sources is greater than 50 percent rural; therefore, rural dispersion 
coefficients will be used for the modeling analysis (EPA 2005a).

4.6 Receptor Locations

Proposed receptors that will be used to assess ecological risks (Figure 4) will focus on 
locations within the PSEMC facility property boundary.  Receptors that will be used to 
assess human health risks will include areas outside the property boundary.  For each of 
the receptors, the location in the relevant area with the highest predicted concentration
will be used to represent the exposure as a conservative, preliminary step. If this 
conservative assumption results in predicted effects that exceed acceptable levels, an 
area-wide average for the exposure area relevant to the receptor may be calculated based 
on a receptor grid. 

To identify maximum concentrations in the vicinity of the source, a 1,500 square meter
receptor grid, with 100-m spacing, was placed around the center of the facility.

4.7 Material Parameters and Emission Rates

The basis for the emission rate in the OBODM model is the mass of reactive material that 
is burned.  To calculate emissions and buoyant plume rise, the following parameters are 
required:
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 Mass of reactive material,
 Heat content of reactive material,
 Ratio of pollutant mass to mass of reactive material, and
 Whether the pollutant is gaseous or particulate.

The modeling for TSU-1 and TSU-2 will each be based on a single generic material 
whose heat content is representative of the materials burned at each source.  The mass of 
material burned per event and per year will be based on current and proposed permit 
limits for these sources.

For the purpose of modeling and consistent with the PEP code, we will assume the total 
mass of reactive material is completely converted to pollutant emissions (a ratio of 1).  In 
addition, as noted above, all emissions will be assumed to be gaseous to enable complex 
terrain modeling.

As described in Section 3.2.2, evaporative emission rates are estimated based on the 
presence of solvents in drums for one hour before the burn is initiated.

4.8 Modeling Calculations

Calculated pollutant mass to reactive material mass ratios (i.e., final emission factors, as 
described in Section 3.4) will be applied to the modeled concentrations at the selected 
receptors.  These values will then be used to calculate inhalation risks. For deposition 
calculations, a default settling velocity will be applied to the modeled concentrations 
(Section 5.2).  These results will then be used to evaluate risks from various pathways.

The OBODM will generate results for 1-hour and 5-year averaging periods.  The 1-hour
results will be used for assessing potential acute impacts, and the 5-year average will be 
used to assess potential chronic impacts.

Although TSU-1 and TSU-2 are not continuous sources, these sources will be modeled 
for every hour in the year when these events are expected to begin (1:00 pm to 3:00 pm 
for TSU-1 and 1:00 pm to 5:00 pm for TSU-2). For the 1-hour averaging period, the 
results for TSU-1 and TSU-2 will be evaluated in separate analyses because open burns at 
these sites are not concurrent. In addition, any results that are based on wind speeds 
greater than 15 miles per hour will not be included in the final 1-hour and the 5-year
average results.

The annual results from OBODM will be factored based on the proposed permit limits for
each source.  For example, up to 500 pounds gross weight can be burned per day at TSU-
1; however, only up to 4,700 pounds net explosive weight can be burned per year.  As 
shown in Section 3.1.3, 16% of the gross weight treated at TSU-1 between 2010 and 
2014 was explosive materials, which corresponds to 80 net explosive weight per 500 
pounds gross weight treated.  Because only one event can occur on any day, modeling 80
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pounds net explosive weight per day would effectively limit the number of events per 
year to 59 (4,700/80).  The total number of hourly events modeled would be 1,095 events 
(3 events per day for 365 days.)  Therefore, a factor of 0.0054 (59/1,095) will be applied 
to the modeled annual results for TSU-1.

A slightly different approach is necessary for TSU-2.  In this case, the proposed permit
limit is 240 gallons per day, with the proportion of net explosives and solvents estimated 
as described in Section 3.2.3.  Because a burn at TSU-2 is assumed to last 3 hours 
sometime over a 5-hour time period (1 pm to 6 pm), the total number of hourly events 
modeled per day is 1.67 (5 hours/3 hours), and the total number of hourly events modeled 
per year is 608 (1.67×365 days per year).  However, burns at TSU-2 do not occur on the 
same day as TSU-1, nor do they occur on weekends.  Therefore, burns at TSU-2 could 
only occur on a total of 202 days (365-59-104), resulting in a factor of 0.332 (202/608)
needing to be applied to the modeled annual results for TSU-2.

Potential exposures to many environmental media are common to both the human health 
and ecological risk assessments.  As such, the process for predicting those concentrations 
is discussed in this section and is applicable to both risk evaluations as appropriate, as 
further discussed in Section 6.0 (Human Health) and Section 7.0 (Ecological).  The 
environmental media potentially affected by emissions from TSU-1 and TSU-2 and the 
relationships between those media are presented in Figure 3.  The environmental media 
that will be included in this evaluation are:

 Air
 Soil (on-site and off-site)
 Plants grown in areas of potentially affected soil (on-site and off-site)
 Cattle grazing in areas of potentially affected pasture grasses and soil (off-site)
 Terrestrial invertebrates in areas of potentially affected soil (on-site)
 Small mammals in areas of potentially affected soil (on-site)
 Water (San Justo Reservoir and Lake Teledyne)
 Fish (San Justo Reservoir and Lake Teledyne)

Air concentrations will be predicted using air dispersion modeling at five locations 
relevant to human and/or ecological receptors. 

 Terrestrial locations near TSU-1 and TSU-2
 Perimeter
 Residence
 San Justo Reservoir
 Lake Teledyne
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The predicted air concentrations will be used as follows to predict concentrations in 
environmental media for each of the human health and ecological receptors.

 Off-Site Resident – Air, soil, and homegrown produce concentrations based on 
predicted air concentration at a residence near PSEMC.  Water concentration 
based on predicted concentration in water at San Justo Reservoir to be used as 
domestic water supply.

 Rancher – Air and soil concentrations at the perimeter are applicable to exposure 
by the rancher. Cattle are raised in the area surrounding PSEMC (i.e., perimeter).
Beef concentrations are estimated based on air, soil and pasture grass
concentrations at the perimeter. 

 Recreational receptor – Air, soil, and fish concentrations based on predicted 
concentration at San Justo Reservoir.

 Terrestrial plants, invertebrates, mammals – Soil concentration based on predicted 
concentration at the terrestrial location.

 Fish – Water and fish tissue concentrations based on predicted concentrations at 
Lake Teledyne and San Justo Reservoir

The locations of the predicted air concentrations that will be used to estimate 
concentrations in other media for each receptor are as follows:

Model Location for Receptors and Exposure Media
Exposure Media Receptors

Resident Recreator Rancher Terrestrial Eco Aquatic Eco
Air R SJ P -- --
Soil R SJ P T --
Water SJ -- -- -- LT
Homegrown 
Produce

R -- -- -- --

Terrestrial Plants -- -- -- T --
Terrestrial 
Invertebrates

-- -- -- T --

Terrestrial Small 
mammals

-- -- -- T --

Fish -- SJ -- LT LT
Beef -- -- P -- --
LT – Lake Teledyne, P – Perimeter, R – Residences, SJ – San Justo Reservoir, T - Terrestrial

As part of the California’s Air Toxic Hot Spots Program, OEHHA has developed 
guidelines for assessing multi-pathway exposures resulting from airborne emissions 
(OEHHA, 2015a), which include equations for estimating environmental media 
concentrations based on concentrations of chemicals in air.  OEHHA’s guidance will be 
used to develop media-specific concentrations related to emissions from TSU-1 and 
TSU-2.  The general assumptions associated with the following equations are provided in 
Table 7; chemical-specific parameters will be provided in the HHERA report.
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5.1 Air

The predicted air concentration (Cair) at relevant locations will result from the emission 
estimates and the air dispersion model.  The model will predict the ambient air
concentration at each receptor location from the total material burned at each source
(total ambient air concentration). There are two spatially separated sources (TSU-1 and 
TSU-2) that for some of the receptor locations have different maximum locations in the 
modeling results (e.g., the physical location of the terrestrial receptor for TSU-1 is 
different from the physical location of the terrestrial receptor for TSU-2).  Regardless, to 
be conservative, the air concentrations for these two locations have been added together 
for the purpose of estimating potential exposure for each of the receptors. As described 
above, an emission factor (i.e. pounds of chemicals per total pounds burned) will be 
applied to the total ambient air concentration for each source to predict an ambient air 
concentration for each chemical. As stated in Section 4, TSU-1 and TSU-2 do not 
operate concurrently; therefore, the impacts from each of these sources will be treated as 
separate impacts for the purpose of assessing acute exposure.

The following equation will be used to calculate air concentrations for each source at
each receptor location.

Cair =  (Qi / Qt) * Ct

Where:            Cair = Concentration in air for chemical “i” (μg/m3)
Qi / Qt = Emission factor for chemical “i” (pounds of chemical / total

pounds burned) (Section 3.0)
Ct = Total ambient air concentration resulting from total amount of 

material burned (μg/m3) (Section 4.0)

5.2 Soil

The average concentration in soil (Cs) is based on deposition of non-volatile chemicals to 
soil, the half-life of chemicals in soil, mixing depth, and soil bulk density.  For the 
purpose of this assessment, we will assume a 26-year deposition period based on lifetime 
exposure for a resident (DTSC, 2014b). The following equation will be used to calculate
soil concentrations at each receptor location.

Cs = Dep * X/(Ks * SD * BD * Tt)

Where: Cs = Concentration in soil over evaluation period (mg/kg)
Dep = Deposition on the affected soil area per day (mg/m2-day)

Dep =  Cair * Dep-rate * 86,400 * 0.001
Cair = Concentration in air (μg/m3)
Dep-rate = Vertical rate of deposition (m/sec)
86,400 = Seconds per day conversion factor (sec/day)
0.001 = Milligrams per microgram conversion factor 

(mg/µg)
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X = Integral function for soil accumulation (d)
X = ([e(-Ks*Tf) - e(-Ks*T0)]/Ks) + Tt
e = 2.718
Ks = Soil elimination constant (days-1)
Tf = Total evaluation period (days)
T0 = Initial time (days)

Ks = Soil elimination constant (days-1)
Ks = 0.693/t1/2
t1/2 = Chemical-specific half-life in soil

SD = Soil mixing depth (m)
BD = Soil bulk density (kg/m3)
Tt = Soil accumulation period (days)

5.3 Plants

Concentrations of chemicals in plants are the sum of the amount deposited on the plant 
surface and uptake of the chemical in soil via the plant roots.

For the HHRA, the concentration in five types of plants, i.e., root vegetables, leafy 
vegetables, exposed fruits or vegetables, protected fruits or vegetables (collectively
referred to as homegrown produce), and pasture grasses (for beef ingestion pathway) will
be estimated as follows:

Cv = Cdepv + Ctrans

Where:
Cv = Average concentration in and on vegetation (mg/kg)
Cdepv = Concentration from direct deposition (mg/kg)

Cdepv = [Dep * IF/(k * Y)] * (1-e-kt)
Dep = Deposition on affected vegetation per day (mg/m2-day)
IF = Interception fraction
k = Weathering constant (days-1)
Y = Yield (kg/m2)
e = Base of natural logarithm (2.718)
T = Growth period (days)

Ctrans = Concentration in vegetation due to root translocation or uptake (mg/kg)
Ctrans = Cs * UF2
Cs = Average soil concentration (mg/kg)
UF2 = Chemical-specific uptake factor

Uptake factors specific to each type of plant will be used where available; otherwise, 
surrogate values based on other types of plants will be used.
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For the ERA, concentrations in terrestrial plants tissue will be estimated using the 
following equation, consistent with the methods used by EPA to derive ecological soil 
screening levels (Eco-SSLs) (EPA 2007).2

Cplant = Cs * BAFplant

Where:
Cplant = Average concentration in terrestrial plant tissue (mg/kg)
Cs = Concentration in soil (mg/kg)
BAFplant = Chemical-specific terrestrial plant bioaccumulation factor 

(unitless)

5.4 Grazing Cattle

The average concentration of chemicals in grazing cattle depends on the applicable 
exposure routes.  At PSEMC, cattle may graze on pasture grasses along the site 
perimeter, which would also result in potential soil exposure.  Cattle are not potentially 
exposed to water in Teledyne Lake or San Justo Reservoir and supplemental feed is 
assumed to exclude chemicals related to TSU-1 and TSU-2.

Concentrations in grazing cattle will be estimated using the following equations.

Cca = (Inhalation + Grazing Ingestion + Soil Ingestion) * Tco

Where:
Cca = Average concentration in cattle (mg/kg)
Inhalation = BRa * Cair

BRa = Breathing rate (m3/day)
Cair = Concentration in air (μg/m3)

Grazing Ingestion = FG * Cv * FI
FG = Fraction of diet from grazing (site-specific)
Cv = Concentration in pasture/grazing material (mg/kg)
FI = Feed ingestion rate (kg/day)

Soil Ingestion = SIa * Cs
SIa = Soil ingestion rate for animal (kg/day)
Cs = Average soil concentration (mg/kg)

Tco =  Chemical-specific transfer coefficient of chemical from 
diet to animal product (day/kg)

5.5 Terrestrial invertebrates

The average concentration of chemicals in terrestrial invertebrate tissue depends on the 
concentration in the soil and uptake from prey (e.g., terrestrial plants). Concentrations in 

2 In some cases, a chemical regression model will be used to estimate terrestrial plant 
tissue concentrations from soil rather than a BAF.
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terrestrial invertebrate tissue will be estimated using the following equation, consistent 
with the methods used by EPA to derive Eco-SSLs (EPA 2007).3

Cinvert = Cs * BAFinvert

Where:
Cinvert = Average concentration in terrestrial invertebrate tissue 

(mg/kg)
Cs = Concentration in soil (mg/kg)
BAFinvert = Chemical-specific terrestrial invertebrate 

bioaccumulation factor (unitless)

5.6 Small mammals

The average concentration of chemicals in small mammals tissue depends on the 
concentration in the soil and uptake from small mammal prey (e.g., invertebrates,
terrestrial plants). Concentrations in small mammal tissue will be estimated using the 
following equation, consistent with the methods used by EPA to derive Eco-SSLs (EPA
2007).4

Cmam = Cs * BAFmam

Where:
Cmam = Average concentration in small mammal tissue (mg/kg)
Cs = Concentration in soil (mg/kg)
BAFmam = Chemical-specific small mammal bioaccumulation factor 

(unitless), which takes into account exposure from dietary 
uptake

5.7 Surface Water

The average concentration in standing water (e.g., pond or lake) potentially impacted by 
facility emissions can be estimated based on deposition to the surface water body.  This 
calculation does not account for surface water runoff to the surface water body, which 
would not apply significantly to San Justo Reservoir, which is at a much higher elevation 
than TSU-1 and TSU-2.  Potential runoff from TSU-2 to Teledyne Lake may occur, but is 
likely much lower than direct impact from deposition because TSU-2 is operated in 
containers and residual material is disposed.  Surface water concentrations will be 
estimated as follows:

Cw = DEP * SA * 365/(WV * VC)

3 In some cases, a chemical regression model will be used to estimate invertebrate tissue 
concentrations from soil rather than a BAF.
4 In some cases, a chemical regression model will be used to estimate small mammal 
tissue concentrations from soil rather than a BAF.
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Where: Cw = Average concentration in water (mg/L)
DEP = Deposition on water body per day (mg/m2-day) (Same as soil 

equations above in Section 5.2)
SA = Site-specific surface area (m2)
WV = Water volume (L)
VC = Site-specific number of volume changes per year (unitless)

5.8 Fish

The average concentration of chemicals in fish tissue depends on the concentration in the 
surface water body.  Relevant to PSEMC, fish are present in Lake Teledyne and San 
Justo Reservoir.  The fish in Lake Teledyne are considered ecological receptors but are 
not consumed by anglers.  The fish in San Justo Reservoir are considered ecological 
receptors and may be ingested by anglers in the future if the reservoir is reopened.

Concentrations in fish tissue will be estimated using the following equations.

Cft = Cw * BCFfish

Where:
Cft = Average concentration in fish tissue (mg/kg)
Cw = Concentration in water (mg/L)
BCFfish = Chemical-specific fish bioconcentration factor (unitless)

The human health risk assessment will quantitatively evaluate potential exposures and 
health effects related to environmental media potentially affected by airborne emissions 
from TSU-1 and TSU-2.

The initial step of a human health risk assessment, i.e., data evaluation, is addressed in 
Sections 3 and 4 describing how emissions will be quantified and dispersion coefficients 
will be predicted.  Section 5 continues the data evaluation phase and describes how 
concentrations in various environmental media will be estimated. The remaining 
components of the human health risk assessment process are described in this section. 

6.1 Exposure Assessment

Exposure assessment involves the identification of the potential human exposure 
pathways at the site for present and potential future-use scenarios. The identification of 
potential human receptors is based on the characteristics of the site, the surrounding land 
uses, and the hypothetical future land uses.

Exposure pathways link the sources, locations, types of environmental releases, and 
environmental fate and transport with receptor locations and activity patterns. Generally, 
an exposure pathway is considered complete if it consists of the following four elements:
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 a source and mechanism of release (e.g., release to the subsurface);
 a transport mechanism (e.g., dust or groundwater);
 a receptor (e.g., resident); and
 an exposure point (i.e., point of potential contact with a contaminated medium) 

and an exposure route (e.g., ingestion) at the exposure point for a specific
receptor.

6.1.1 Receptors and Exposure Pathways
As described, operations at TSU-1 and TSU-2 result in airborne emissions that for non-
volatile compounds may deposit to soil and water, which then are available for uptake by 
grazing cattle, fish, and plants.  The human receptors considered for this evaluation 
include:

 Off-site residents
 Off-site rancher
 Future recreational use of San Justo Reservoir

The relevant exposure pathways for each receptor are shown on Figure 5 and are 
summarized below:

Off-site Resident
The PSEMC facility is generally surrounded by agricultural land and open space.  There 
is a housing development approximately 2000 feet north of TSU-1, and there are three 
individual houses located at least 1600 feet east of TSU-1.  For the purpose of assessing 
residential exposure, we plan to make an initial conservative assumption that the off-site
resident is exposed via all the exposure routes listed below.  We have included potential 
exposure from domestic use of water in the San Justo Reservoir, although the primary use 
of water in the reservoir is for agricultural purposes. The resident is assumed to be 
exposed for 6 years as a child and 20 years as an adult (DTSC, 2014b).

 Inhalation
 Incidental ingestion of soil 
 Dermal contact with soil
 Ingestion of homegrown produce
 Domestic use of surface water (San Justo Reservoir)

o Ingestion of surface water
o Dermal contact with surface water 

 Ingestion of mother’s milk (related to lead, benzo(a)pyrene and 2,3,7,8-TCDD
only [OEHHA, 2015a])

Off-site Rancher
The off-site rancher is assumed to spend one day per week tending cattle at the perimeter 
of the PSEMC facility for 20 years.  During that time (8-hour workday), the rancher 
could be exposed to chemicals in air and soil.  In addition, the rancher is assumed to 
consume beef raised at the facility perimeter.  The rancher also is assumed to have been 
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exposed via beef consumption as a child for 6 years, assuming his parent was the 
previous rancher who brought beef raised at the perimeter home for consumption.

Future Recreational Use of San Justo Reservoir
The San Justo Reservoir was closed in 2008 to boating and fishing because of an 
infestation of zebra mussels; swimming and wading are not allowed San Justo Reservoir 
(http://www.cosb.us/county-departments/parks-recreation/regional-parks/san-
justo/#.Vk5INcqzMWs). A plan was developed to mitigate the zebra mussels, but has 
not been implemented as it waits for agency approvals. Therefore, while the San Justo 
Reservoir is not currently accessible to the public, it is reasonably forseeable that it may 
reopen to the public in the future for boating and fishing. In that event, a recreational 
user could be exposed via all of the pathways listed below.  Similar to the other receptors, 
a recreational user is assumed to exposed for 6 years as a child and 20 years as an adult.

 Inhalation
 Incidental ingestion of soil
 Dermal contact with soil
 Ingestion of fish

6.1.2 Exposure Quantification
This section describes how exposure will be quantified for the exposure scenarios
identified for this site.  Two exposure durations will be evaluated: acute exposures to 
chemicals in air and chronic exposure to chemicals in air as well as those that deposit to 
and are taken up by other environmental media. 

Potential exposure rates will be quantified using reasonable maximum exposure 
assumptions for the various receptors. As noted above, each receptor is assumed to have 
exposure as a child (0 to 6 years) and as an adult (6 to 26 years). Exposure assumptions
recommended in regulatory guidance (DTSC, 2014b, EPA, 2015c, and OEHHA, 2015a) 
that will be used in the evaluation are summarized in Table 8. Exposure equations used to 
estimate potential exposures are presented below. 

6.1.2.1 Inhalation Exposure
Acute inhalation exposures are evaluated for potential inhalation effects using a short-
term upper-bound air concentration predicted from modeling. Chronic exposures for 
inhalation routes of exposure are evaluated for potential non-cancer health effects by 
calculating an annual average concentration (AAC) and for potential carcinogenic health 
effects by calculating a lifetime annual average concentration (LAAC).  The equations 
for calculating these values are the same with the exception of the averaging time. The 
average concentrations are adjusted for exposure time, frequency, duration, and 
averaging time as follows:

AAC = Cair * ET * EF * ED/ATnc
LAAC = Cair * ET * EF * ED/ATca

Where: AAC = Annual average air concentration (μg/m3)
LAAC = Lifetime average air concentration (μg/m3)
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Cair = Concentration in air (μg/m3)
ET = Exposure time (hours per day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
ATnc = Averaging time for non-carcinogens (hours)
ATca = Averaging time for carcinogens (hours)

The AAC is calculated for an averaging time equal to the exposure duration (e.g., 
175,200 hours for a 20-year adult exposure duration).  The LAAC is calculated for a 
lifetime averaging period equivalent to 70 years (613,200 hours).

6.1.2.2 Non-inhalation Exposures
Concentrations in various environmental media will be estimated as described in Section 
5.0.  These estimates are based on worst-case assumptions regarding emissions and air 
concentrations, which are likely to overestimate potential human health risks.
Concentrations in environmental media and exposure rates (a function of contact rate, 
exposure frequency, and exposure duration) are used to quantify potential exposure. 
Chronic exposures for non-inhalation routes of exposure are evaluated for potential non-
cancer health effects by calculating an annual average daily dose (AADD) and for 
potential carcinogenic health effects by calculating a lifetime average daily dose 
(LADD).

Incidental ingestion of Soil
Potential average daily doses for ingestion of soil are calculated as follows:

ADDing =  Cs * IRs * GRAF * EF * ED * CF1/(ATnc * BW)
LADDing = Cs * IRs * GRAF * EF * ED * CF1/(ATca * BW)

Where:
ADD = Annual average daily dose (mg/kg-day)
LADD = Lifetime average daily dose (mg/kg-day)
Cs = Concentration in soil (mg/kg)
IRs = Ingestion rate of soil (mg/day)
GRAF = Gastrointestinal relative absorption fraction (unitless, chemical specific)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
CF1 = 1x10-6 (kg soil/mg soil)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)
BW = Body weight (kg)

Ingestion of Homegrown Produce, Beef, and Fish
Potential average daily doses for ingestion of food are calculated as follows:

ADDf = Cf * IRf *GRAF * Lf * EF *ED *CF2/(ATnc *BW)
LADDf = Cf * IRf *GRAF * Lf * EF *ED *CF2/(ATca *BW)

Where:
ADD = Annual average daily dose (mg/kg-day)
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LADD = Lifetime average daily dose (mg/kg-day)
Cf = Concentration in food (mg/kg)
IRf = Ingestion rate of food (g/day)
GRAF = Gastrointestinal relative absorption fraction (unitless, chemical-specific)
Lf = Fraction from affected food source (unitless)5

EF = Exposure frequency (days/year)
ED = Exposure duration (years)
CF2 = 1x10-3 (kg food/g food)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)
BW = Body weight (kg)

Dermal Contact with Soil
Potential average daily doses for dermal contact with soil are calculated as follows:

ADDds = Cs * SAs * AF * ABSd * EF *ED *CF3/(ATnc *BW)
LADDds = Cs * SAs * AF * ABSd * EF *ED *CF3/(ATca *BW)

Where:
ADD = Annual average daily dose (mg/kg-day)
LADD = Lifetime average daily dose (mg/kg-day)
Cs = Concentration in soil (mg/kg)
SAs = Surface area for soil contact (cm2)
AF = Adherence factor (mg/cm2)
ABSd = Fraction absorbed across the skin (unitless; chemical-specific)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
CF3 = 1x10-6 (kg soil/mg soil)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)
BW = Body weight (kg)

Dermal Contact with Water
Potential average daily doses for dermal contact with water while using water from San 
Justo Reservoir as a municipal water source are calculated as follows:

ADDdw = DAevent * SAw * EFw *ED /(ATnc *BW)
LADDdw = DAevent * SAw * EFw *ED /(ATca *BW)

Where:
ADD = Annual average daily dose (mg/kg-day)
LADD = Lifetime average daily dose (mg/kg-day)
DAevent = Dermal absorption during bathing (mg/cm2/event)

Inorganics
= Kp * Cw * tevent * CF4

5 Abbreviated “L” in OEHHA guidance; “Lf” used herein to distinguish this factor from the abbreviation 
for “liters.”
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or
Organics6

= 2 * FA * Kp * Cw * CF4 * (6*τevent*tevent/π)0.5

Where: Kp = Permeability constant (cm/hr; chemical-specific)
Cw = Concentration in water (mg/L)

tevent = Duration of bathing (hours/day)
CF4 = 1x10-3 (L per cm3)

FA = Fraction absorbed water
τevent = Lag time per event (hr/event)

π = pi (3.41459)
SAw = Surface area for water contact (cm2)
EFw = Exposure frequency for water contact (days/year)
ED = Exposure duration (years)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)
BW = Body weight (kg)

Ingestion of Water
Potential average daily doses for ingestion of water while using water from San Justo 
Reservoir as a municipal water source are calculated as follows:

ADDiw = Cw * IRw * RBAw * EFw *ED /(ATnc *BW)
LADDiw = Cw * IRw * RBAw * EFw *ED *ED /(ATca *BW)

Where:
ADD = Annual average daily dose (mg/kg-day)
LADD = Lifetime average daily dose (mg/kg-day)
Cw = Concentration in water (mg/L) 
IRw = Ingestion rate of water (L/day)
RBAw = Relative bioavailability of chemical in water (unitless; chemical-

specific)
EFw = Exposure frequency for water contact (days/year)
ED = Exposure duration (years)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)
BW = Body weight (kg)

Ingestion of Mother’s Milk
Potential exposure related to ingestion of mother’s milk is related to the mother’s dose
while nursing, the transfer of the chemical to mother’s milk, and ingestion by the infant.
The mother’s dose is related to the various exposure pathways relevant to the resident.

6 This equation assumes the time to reach steady state (t*) is greater than the time of the 
bathing event (tevent) (EPA, 2004), which is the case for all organic chemicals to which 
this pathway applies.
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Transfer to milk is separated into to two components: dose from inhalation and dermal 
contact (dose presumed not to pass through the liver) and dose from ingestion of soil, 
homegrown produce and other food sources. The equations governing this process are:

Concentration in Mother’s Milk
Cm = ([Din_der * Tcom_inder] + [Ding * Tcom_ing]) * BW

Where:
Cm = Concentration in mother’s milk (mg/kg-milk)
Din_der = AAC (*Inh/BW) + ADDds + ADDdw (dose from inhalation 

[converted from air concentration], dermal contact with soil and 
dermal contact with water; mg/kg-day)
Inh = Inhalation rate (m3/day)
BW = Body weight (kg)

Tcom_inder = Chemical-specific biotransfer coefficient from inhalation and 
dermal absorption to mother’s milk (d/kg-milk)

Ding = ADDing + ADDf + ADDiw (dose from soil ingestion, foods, and 
water)

Tcom_ing = Chemical-specific biotransfer coefficient from ingestion to 
mother’s milk (d/kg-milk)

BW = Body weight (kg)

Dose to the infant is related to the concentration in mother’s milk and the milk ingestion 
rate.  Implicit in the calculation is the assumption that infants consume mother’s milk for 
one year.

Dose to Infant through mother’s milk intake
AADDm = Cm * BMIbw * CF * EFm * ED/ATnc
LADDm = Cm * BMIbw * CF * EFm * ED/ATca

Where:
ADD = Annual average daily dose (mg/kg-day)
LADD = Lifetime average daily dose (mg/kg-day)
Cm = Concentration in mother’s milk (mg/kg milk)
BMIbw = Daily breast-milk ingestion rate (g/kg/day)
CF = Conversion factor (10-3 kg/g)
EFm = Exposure frequency for mother’s milk (days/year)
ED = Exposure duration (years)
ATnc = Averaging time for non-carcinogens (days)
ATca = Averaging time for carcinogens (days)

6.2 Toxicity Assessment

The purpose of the toxicity assessment is two-fold (EPA, 1989):

 To evaluate available information regarding the potential for a chemical to cause 
adverse health effects in exposed individuals (hazard identification); and
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 To estimate the relationship between the extent of exposure and the increased
likelihood (e.g., probability or chance) and/or severity of adverse effects (dose-
response assessment.

This human health risk assessment will quantitatively address chemicals for which a 
dose-response assessment has been completed or for which a relevant surrogate chemical 
can be identified. Toxicological values and information regarding the potential for 
carcinogens and noncarcinogens to cause adverse health effects in humans will be 
obtained from a hierarchy of California and EPA sources, beginning with the OEHHA 
online Toxicity Criteria Database (OEHHA, 2015b) and EPA’s Integrated Risk 
Information System (IRIS) online database (EPA, 2015b). Additional sources of toxicity 
information may be referenced as appropriate.

In some cases, toxicity criteria have only been developed for one of the routes of 
exposure (e.g., inhalation or oral exposure).  If one route of exposure does not have a 
toxicity criterion, consistent with DTSC’s general practice, the toxicity criterion for the 
route of exposure that has been developed will be applied to the route of exposure for 
which toxicity information is not available (i.e., route-to-route extrapolation).  There are 
also cases where DTSC and EPA expressly do not recommend this sort of extrapolation 
(e.g., nickel’s inhalation slope factor); in these cases, route extrapolation will not be used. 

Additionally, dermal exposure estimates are in terms of an absorbed chemical dose, while 
toxicity testing results are evaluated based on the applied dose.  EPA has evaluated
toxicity testing for several chemicals to assess whether the absorbed dermal dose may be 
significantly different from the absorbed dose related to the oral toxicity testing.  In cases 
where the difference is significant, EPA has developed gastrointestinal absorption factors 
(GIabs) to adjust from applied dose to absorbed dose.  Only in cases where the results are 
significant does EPA recommended the use of GIabs factors (EPA, 2004).

6.2.1 Carcinogens
For ingestion exposures, a slope factor (SF) is used to estimate an upper-bound
probability of an individual developing cancer as a result of a lifetime of exposure to a 
particular level of a potential carcinogen. SFs are presented in units of the inverse of 
milligrams per kilogram per day [(mg/kg-day)-1]. Specifically, a SF is a plausible upper-
bound estimate of the probability of a response per unit intake of a chemical over a 
lifetime.

For inhalation exposures, an inhalation unit risk (IUR) is used to describe the upper-
bound probability of an individual developing cancer after exposure to a lifetime average 
air concentration.  IURs are quantified in units of the inverse of micrograms per cubic 
meter [(μg/m3)-1].

Some carcinogens are classified as mutagens based on their mode of action.  Mutagens 
are considered by EPA to result in potentially higher probability of cancer when exposure 
occurs as a child. EPA has developed age-dependent adjustment factors (ADAFs) for
mutagens to account for the increased probability of cancer from exposure at a young age
(EPA, 2005c):
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 0-2 years – 10
 2-6 years – 3
 6-16 years – 3
 16-30 years – 1

ADAFs will be used for chemicals identified as mutagens by EPA in this evaluation (i.e.,
benzo(a)pyrene). As shown above, exposure will be estimated for three age groups: 
infant (0-1 year; mother’s milk only), child (0-6 years), and adult (6-26 years).  The 
ADAF of 10 for 0-2 years will be used for the infant; however, weighted average ADAFs
will be used for the child and adult as follows:

Child

ADAFchild = [(2 yrs * 10) + (4 yrs * 3)]/6 yrs
5.33

Adult

ADAFadult = [(10 yrs * 3) + (10 yrs * 1)]/20 yrs
= 2

6.2.2 Noncarcinogens
For the evaluation of noncarcinogens in the risk assessment, chronic reference doses 
(RfDs) for the ingestion and dermal exposure routes and acute and chronic reference
concentrations (RfCs) for the inhalation route are used. A chronic RfD is an estimate of a 
daily exposure level for the human population, including sensitive subpopulations, that is
likely to be without appreciable adverse health effects during a lifetime. The RfC is an 
estimate of the maximum air concentration over a specified time period that will not 
result in adverse health effects. Chronic RfDs and RfCs are generally used to evaluate the 
potential noncarcinogenic effects associated with exposure periods between six years and 
a lifetime. Acute RfCs are an estimate of the maximum air concentration over a short-
time period (as short as 1 hour to 14 days) that will not result in adverse health effects.

6.2.3 Lead
The potential for human health effects caused by lead is typically determined based on 
estimated blood-lead concentrations (e.g., a blood-lead level of “x” is associated with a 
particular adverse health effect). 

In 2007, OEHHA established 1 microgram per deciliter (µg/dL) as a benchmark for 
source-specific incremental change in blood-lead levels for the protection of school 
children and fetuses (OEHHA, 2007). For this project, the results of the air dispersion 
modeling and environmental fate and transport calculations will be used in DTSC’s 
LeadSpread model (version 8) to assess potential exposure to lead.
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6.3 Risk Characterization

In the risk characterization, toxicity and exposure assessments are integrated to provide a 
quantitative estimate of the potential for adverse health effects.  Exposures to multiple 
media and multiple chemicals by the same receptor are summed to estimate the potential 
for adverse health effects related to cumulative exposure.

6.3.1 Carcinogens
Carcinogenic risks are estimated as the incremental probability of an individual 
developing cancer over a lifetime as a result of exposure to a potential carcinogen, which 
are a function of exposure and toxicity. Specifically, lifetime excess cancer risk will be 
estimated as follows:

For oral and dermal exposure:
Lifetime Excess Cancer Riski = LADDi × SFi × ADAF

Where:
LADDi = Lifetime average daily dose for chemical “i” (mg/kg-day)
SFi = Slope factor (oral or dermal) for chemical “i” (mg/kg-day)–1

ADAF = Age-dependent adjustment factor, if applicable

For inhalation exposure:
Lifetime Excess Cancer Riski = LAACi × IURi × ADAF

Where:
LAACi = Lifetime annual average concentration for chemical “i” (µg/m3)
IURi = Inhalation unit risk for chemical “i” (µg/m3)–1

ADAF = Age-dependent adjustment factor, if applicable

These carcinogenic risk estimates are generally an upper-bound value because the slope 
factor is often a 95% upper confidence limit (UCL) of probability of response based on 
experimental animal data. The estimated excess cancer risks for each chemical and 
exposure route are summed for adult and child receptors and then summed across all 
chemicals and exposure routes regardless of toxic endpoint to estimate the total excess 
cancer risk for the exposed individual.

To evaluate estimated cancer risks, the EPA and Cal/EPA have defined what is 
considered to be an acceptable level of risk in similar, though slightly different, ways. 
The EPA considers one in one-million (1×10–6) to one in ten thousand (1×10–4) to be the 
target range for acceptable risk (EPA, 1990a and b). Estimates of lifetime excess cancer 
risk associated with exposure to chemicals of less than 1×10–6 are considered de minimis, 
a risk level that is so low as to not warrant any further investigation or analysis (EPA,
1990a). Within the state of California, Cal/EPA also generally targets the same range for 
acceptable risks with a focus on the lower end of the risk range for residential exposures.

It should be noted that cancer risks in the 1×10–6 to 1×10–4 range or higher do not 
necessarily mean that adverse health effects will be observed. Current methodology for 
estimating the carcinogenic potential of chemicals is believed to not underestimate the 
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true risk, but it could overestimate the true risk by a considerable degree. In fact, the 
range of possible risks includes zero.

6.3.2 Noncarcinogens
Potential noncarcinogenic effects are evaluated by comparing exposure over a specified 
time period with a reference dose derived for a similar exposure period. This ratio of 
exposure to toxicity is referred to as a hazard quotient (HQ), which is calculated as 
follows:

For oral and dermal exposure:
HQ = AADDi/RfDi

Where
AADDi = Annual average daily dose for chemical “i” (mg/kg-day)
RfDi = Reference dose (oral or dermal) for chemical “i” (mg/kg-day)

For chronic inhalation exposure:

HQ = AACi/RfCi
Where:

AACi = Annual average concentration for chemical “i” (μg/m3)
RfCi = Reference concentration for chemical “i” (μg/m3)

For acute inhalation exposure:

HQ = ACi/ARfCi
Where:

ACi = Acute concentration for chemical “i” (μg/m3)
ARfCi = Acute reference concentration for chemical “i” (μg/m3)

HQs will be calculated separately for adult and child receptors; however, only the highest 
value (for the child) will be included in the risk assessment summary. For a screening 
assessment of potentially cumulative noncancer health effects, HQs for all chemicals will 
be summed as a hazard index (HI).  If the screening HI is greater than one, then only HQs 
for the individual COPCs that potentially act on the same organs or result in the same 
health endpoint (e.g., respiratory irritants) will be summed to assess potential additive 
effects.

A HI or HQ (for effects which are not additive) of less than or equal to 1 indicates 
acceptable levels of exposure for COPCs. It should be noted that HQs or HIs greater than 
1 do not necessarily mean that adverse health effects will be observed. A substantial 
margin of safety has been incorporated into some of the RfDs and RfCs developed for the 
COPCs. Therefore, for these chemicals, adverse health effects may not be observed even 
if the HQ or HI is much larger than 1. 
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The following describes the approach for conducting an ecological risk assessment 
(ERA) for the PSEMC facility. The ERA will follow an iterative, phased approach based 
on both DTSC’s Guidance for Ecological Risk Assessment at Hazardous Waste Site and 
Permitted Facilities (DTSC, 1996a and b) and EPA guidance (EPA, 1997). Each step of 
the phased approach will move from generic, conservative assumptions towards more 
site-specific, realistic assumptions. At each step of this phased approach, the results of the 
assessment will be evaluated to determine whether: (1) no additional evaluation is 
necessary because ecological risks are determined to be negligible, or (2) additional 
evaluation (i.e., the next tier of evaluation) is warranted to refine all or part of the ERA to 
determine the potential for ecological risk. The ERA phases are as follows: 

 Scoping Assessment – equivalent to DTSC’s Scoping Assessment (DTSC, 1996a
and b) and EPA’s Screening-Level Problem Formulation (EPA 1997); this
assessment provides a qualitative narrative of the Site from an ecological 
perspective and evaluates the potential for complete exposure pathways.

 Screening Assessment – equivalent to DTSC’s Phase I: Predictive Assessment 
(DTSC, 1996a) and EPA’s Screening-Level Assessment (EPA, 1997); in a 
screening assessment, conservative assumptions (e.g., maximum exposure 
concentrations, no-effect adverse effect levels [NOAELs]) are used to predict 
quantitative risk estimates. 

 Baseline Assessment – equivalent to EPA’s Baseline Assessment (EPA, 1997);
this assessment is also a refinement of DTSC’s Phase I: Predictive Assessment 
(DTSC, 1996a) based on baseline assumptions and/or site-specific media (e.g., 
soil) data. In a baseline assessment, more realistic assumptions (e.g., upper bound 
exposure concentrations, lowest-effect adverse effect levels [LOAELs]) are used 
to predict quantitative risk estimates. We recommended that this type of 
assessment be considered by DTSC prior to making a decision about whether a 
Validation Study should be conducted. 

 Validation Study – equivalent to DTSC’s Phase II: Validation Assessment 
(DTSC 1996a); this study is a validation-level assessment. Site-specific
measurements of toxicity are made to determine whether ecological risks occur at 
a site.

The remainder of this section describes the approach that will be used to conduct the 
ERA for the Site. 

7.1 Scoping Assessment 

The Scoping Assessment will follow DTSC guidance (DTSC, 1996a and b). The Scoping 
Assessment will provide a brief qualitative narrative of the Site from an ecological 
perspective and will include: (1) a characterization of physical, chemical and biological 
conditions at the site; (2) a preliminary list of contaminants of potential ecological 
concern (COPECs); and (3) a conceptual site model (CSM) identifying any complete 
exposure pathways. If no complete exposure pathways are identified, then it will be 
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concluded that the potential for ecological risks is negligible and no further assessment is 
needed.

Data from the most recent biological site visit (conducted in July 2015), previous 
biological surveys (H. T. Harvey, 2003), and site assessments (Ecology and Environment,
1989; Ebasco, 1991) will be used to summarize site and biological conditions at the 
PSEMC facility and in the surrounding area. As part of the biological characterization 
(Section 7.1.2), state biological databases7 will also be consulted.

7.1.1 Site Characterization
The physical and chemical conditions at the Site will be characterized to provide context 
for the ecological setting at the Site and potential for exposure pathways.  A preliminary 
characterization of the Site for the Scoping Assessment is summarized in the remainder 
of this section.

The PSEMC facility is located in a rural area within the San Juan Valley. The facility is 
zoned for industrial use and the primary surrounding land use is agricultural with some 
residential areas. The topographic gradient ranges from approximately 250 feet in the
northwest corner to approximately 430 feet in the southeast portion of the property. In the 
center of the property is Lake Teledyne, a man-made lake which was created in the 1970s 
to provide water supply for firefighting needs at the facility. The average depth of Lake 
Teledyne is 2 feet; depths range from 2 to 7 feet (H. T. Harvey 2003). The San Justo 
Reservoir is approximately 1300 feet northeast of the facility boundary, which is a source 
of local irrigation water. San Justo Reservoir has been used in the past for recreational 
purposes, but is currently closed to the public in an effort to eradicate zebra mussels, 
which were found present in the reservoir in 2008.

A perimeter fence surrounds the property. Within the property, there is an interior barbed 
wire fence that separates the operating portion of the facility (including property 
buildings and TSU-2, TSU-3, and TSU-8) from TSU-1. The focus of the Screening 
Assessment (Section 7.2) will be areas within the Site (i.e., terrestrial areas immediately 
downwind of TSU-1 and TSU-2 and Lake Teledyne) and the San Justo Reservoir. 

7.1.2 Biological characterization
The biological conditions of the Site (i.e., habitat and species present) will be 
characterized to determine the ecological receptors that are potentially present at the site 
and potentially exposed to site contaminants. As was observed during the July 2015 site 
visit, non-native, annual grassland habitat occurs in the undeveloped areas of the facility. 
Lake Teledyne provides aquatic habitat with emergent vegetation (including cattails and 
rushes).

The biological characterization will include tables of common plant and wildlife species 
observed or potentially present at the site, as well as special-status species based on 

7 California Department of Fish and Wildlife [CDFW] California Natural Diversity Database [CNDDB] 
[available at http://www.dfg.ca.gov/biogeodata/cnddb/] and the California Native Plant Society’s Inventory 
of Rare and Endangered Plants of California [available at: http://www.rareplants.cnps.org/].
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California species of special concern, state or federally listed species, or species 
recommended for state or federal listing. A preliminary list of animal and plant species 
that may or do occur at and nearby the Site are presented in Tables 9 and 10, respectively.

7.1.3 Pathways assessment
The results of the site and biological characterizations will be used to determine which
exposure pathways are significant and potentially complete. Per DTSC guidance (1996b),
exposure routes to be evaluated will include direct (i.e., dermal contact, ingestion, and 
inhalation) and indirect (i.e., food web transfer) pathways. Site-specific exposure
pathways are illustrated in a preliminary CSM based on general receptor groups (Figure
6).

7.1.4 Results and decision criteria for additional assessment
The results of the Scoping Assessment will provide the basis for a recommendation to 
either: (1) conduct no further assessment because no complete exposure pathways are 
identified and the potential for ecological risks is assumed to be negligible, or (2) conduct 
a Screening Assessment following DTSC (1996a) guidance for a Predictive Assessment 
for any complete and significant exposure pathways identified for ecological receptors. 
Given what is currently known about the Site, a Screening Assessment will be required 
for this Site.

7.2 Screening Assessment 

For any complete exposure pathways identified in the Scoping Assessment, a Screening 
Assessment will be conducted. In this assessment, predicted concentrations and doses 
will be compared to conservative ecological thresholds to derive HQs for the COPECs 
identified in the Scoping Assessment as having potentially significant and complete 
exposure pathways. HQs will be used to evaluate whether there is a potential for 
ecological risk. If conservative ecological thresholds are not exceeded, then it will be 
concluded that the potential for ecological risks is negligible and no further assessment is 
needed. If conservative ecological thresholds are exceeded, further evaluation will be 
conducted to refine the risk estimates. 

7.2.1 Problem formulation 
The information presented in the Scoping Assessment, such as potentially complete 
exposure pathways and species present (or potentially present) at the Site, will be 
presented to describe the overall problem formulation for the Screening Assessment. 

7.2.1.1 Selection of ecological receptors 
Ecological receptors evaluated in the Screening Assessment are species that are 
representative of the aquatic and terrestrial species (both plant and wildlife) identified in 
the biological characterization of the Scoping Assessment. Based on what is known about 
the Site at this time, the preliminary selected receptors for the Screening Assessment 
were selected from the occurring and potentially occurring species listed in Tables 9 and
10 using criteria consistent with DTSC (1996a) and EPA (1997) guidance. Receptors 
were selected based on their likelihood of occurrence and exposure to COPECs at the Site
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to represent the range of trophic levels and feeding guilds (e.g., herbivore, carnivore) 
within the food chain, and to be protective of any special status species known or 
potentially present at the Site.

The following ecological receptors been preliminarily identified to be evaluated in the 
Screening Assessment based on the above criteria and what have been observed at the 
Site:

 Terrestrial plant community – Terrestrial vegetation is present throughout the 
Site. The terrestrial plant community will be evaluated as a whole rather than 
focusing on a single species. 

 Aquatic-limited receptors (i.e., aquatic plant community and largemouth
bass)8 – Aquatic-limited receptors represent localized exposure within either 
Lake Teledyne or the San Justo Reservoir. The aquatic plant community will be 
evaluated as a whole rather than focusing on a single species. Fish are present in 
both Lake Teledyne (bass have been observed) and the San Justo Reservoir.

 Great egret– Heron/egrets have been observed in Lake Teledyne and are 
expected to also utilize the San Justo Reservoir. The diet of the great egret is 
primarily fish.

 Savannah sparrow – Omnivorous birds, such as sparrows have localized 
exposure to COPECs at the Site. Their diet is comprised of terrestrial 
invertebrates and plants. 

 Deer mouse – Small mammals, such as mice and voles have small home ranges 
and therefore, will have localized exposure to COPECs at the Site more so than 
wide-ranging mammals such as large mammals. Their diet is comprised of 
terrestrial invertebrates and plants.

 Red-tailed hawk – Red tailed hawk are larger carnivorous birds representing a 
high trophic level species. Their diet is primarily small mammals.

Amphibians and reptiles are likely present at the Site; however, due to the lack of toxicity 
data available for these receptors, they were not selected as a specific receptor for 
evaluation in the Screening Assessment. The Screening Assessment will discuss these 
receptor groups qualitatively, noting their presence at the Site and their relative 
sensitivity to COPECs compared with other ecological receptors.

7.2.1.2 Conceptual site model 
The ecological CSM that is developed in the Scoping Assessment will present the 
complete exposure pathways, representative ecological receptors, and media that will be 
evaluated in the Screening Assessment. A preliminary ecological CSM is presented in 
Figure 6. As noted in the figure, exposure media to be evaluated included on-site soil, 
on-site terrestrial plants, terrestrial invertebrates and small mammals, surface water, and 
fish.  The one exposure medium that will not be evaluated is air because the potential 
ecological risks from exposure to air via inhalation are assumed to be insignificant 

8 Aquatic-limited receptors will be evaluated using ambient water quality criteria (AWQC) to evaluate their 
exposure to water in Lake Teledyne (see Section 7.2.1.3 and Section 7.2.3). 
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relative to potential risks from exposure to chemicals via direct contact with abiotic 
media (soil, water) and dietary exposure.

7.2.1.3 COPECs to be evaluated 
COPECs for the Site will be those chemicals identified as emissions in Section 3.0. 

7.2.2 Exposure assessment 
The exposure assessment will be conducted for aquatic and terrestrial ecological 
receptors following the methods recommended by DTSC (1996a) and EPA (1997). The
exposure assessment will include a summary of the chemical concentrations in site media 
(i.e., soil and water) selected to represent exposure of ecological receptors to the COPECs 
identified in the Scoping Assessment. 

7.2.2.1 Derivation of soil and water exposure concentrations 
COPEC concentrations in soil and water will be determined using the modeling methods 
described in Section 4.0 and the environmental fate and transport described in Section 
5.0.

7.2.2.2 Derivation of tissue exposure concentrations
Maximum COPEC soil and water concentrations (as defined above) will be used to 
predict tissue concentrations, as necessary, for the evaluation of complete dietary 
exposure pathways. Tissue types with predicted concentrations will potentially include: 
terrestrial plant tissue, terrestrial invertebrate tissue, whole-body terrestrial small 
mammal tissue, and whole-body fish tissue.

The derivation of these tissue concentrations will follow the methods provided in Section 
5.0. The OHHEA model provides uptake factors9 and assumptions to derive tissue types 
specific to a human health risk assessment (HHRA) (i.e., vegetation, cattle, and edible 
[muscle] fish tissue). For the ERA, additional uptake factors and assumptions may be 
needed to estimate ERA-specific tissue types (i.e., invertebrate tissue, small mammal 
tissue, or whole-body fish tissue). ERA-specific uptake factors for specific tissue types 
needed for the Screening Assessment will be based on the general literature from the 
following sources:

 Uptake models used for EPA’s Eco-SSLs (EPA, 2007) (models available for soil-
to-plants, soil-to-invertebrates, and soil-to-small mammals)

 Uptake models reported by Oak Ridge National Laboratory (ORNL) (Bechtel 
Jacobs, 1998; Sample et al., 1998; Sample et al., 1999) (models available for soil-
to-plants, soil-to-invertebrates, and soil-to-small mammals)

 Uptake models reported by Tsao and Sample (2005) (models are available for 
energetic compounds for soil-to-plants, and soil-to-invertebrates)

 Uptake models reported by EPA (1999) (models available for soil-to-plants, soil-
to-invertebrates, and water-to-fish)

9 Uptake factors include soil-to-tissue biota accumulation factors (BAFs) and water-to-
tissue bioconcentration factors (BCFs).
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Other assumptions needed to estimate ERA-specific tissue concentrations using the 
OHHEA approach, such as food and incidental soil ingestion rates for estimating small 
mammal tissue, will be the same at those used to model dietary doses (Section 7.2.2.3). 

7.2.2.3 Derivation of dietary doses 
Dietary exposure for wildlife will be determined using the following equation:

Where:
Dose = daily ingested dose (mg/kg body weight [bw]/day)
FIR = food ingestion rate (kg dry weight [dw] /day)
Cfood = chemical concentration in food (mg/kg dw)
SIR = incidental sediment/soil ingestion rate (kg dw/day) 
Csed/soil = chemical concentration in sediment or soil (mg/kg dw)
SUF = site use factor (unitless)
BW = body weight (kg)

Exposure parameters, including body weights and ingestion rates, will be determined 
using the following sources: Nagy (2001), EPA’s Wildlife Exposure Factors Handbook 
(1993), DTSC EcoNOTEs (https://www.dtsc.ca.gov/AssessingRisk/eco.cfm), and
additional sources, as needed (e.g., Beyer et al., 1994; Sample and Suter, 1994).

7.2.3 Toxicity assessment
For the Screening Assessment, toxicity reference values (TRVs) will be identified for 
each COPEC/receptor/pathway. Consistent with DTSC guidance (DTSC, 1996a),
NOAEL TRVs will be used. NOAELs are concentrations at which no adverse effect is 
observed and represent conservative screening-level thresholds. Rather than conduct an 
extensive literature search and review of the primary toxicological literature, NOAELs 
will be selected from existing compilations based on extensive reviews. TRVs will be 
selected as follows:

 For wildlife, dietary TRVs will be based on EPA’s soil screening levels (SSLs)
(EPA, 2007), US Navy/Biological Technical Assistance Group (BTAG) TRVs 
(EPA, 2009; 2002), as recommended by DTSC EcoNOTEs 
(https://www.dtsc.ca.gov/AssessingRisk/eco.cfm), or on NOAEL TRVs reported
by ORNL (Sample et al., 1996). TRVs available from the US Army Center for 
Health Promotion and Preventive Medicine (USACHPPM), will also be 
considered for those COPECs not evaluated in the above sources.

 For plants, soil TRVs will be based on ORNL plant-specific screening levels 
(http://www.esd.ornl.gov/programs/ecorisk/benchmark_reports.html) or plant-
specific Eco-SSLs (http://www.epa.gov/ecotox/ecossl/).

 For aquatic-limited receptors, water TRVs will be based on ecological chronic 
freshwater ambient water quality criteria (AWQC) from EPA 

    
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(http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#alta
ble).

Other sources may be consulted, as necessary, to identify appropriate TRVs for pairs of 
COPEC-receptor groups not evaluated in the above sources.

The following criteria will be evaluated in the selection of wildlife TRVs, consistent with 
DTSC guidance (DTSC 1996b):

 Taxonomic-specific TRVs will be derived,10 as appropriate.
 TRVs will be adjusted to correct for differences in body weight among test

species and selected receptors.
 TRVs will be based on NOAELs derived from chronic toxicity tests or tests 

conducted during critical life stages (reproduction), provided that such toxicity 
data are available. 

 Uncertainty factors (UCFs) to derive chronic NOAELs (when chronic NOAEL 
data are not available) are as follows:

o A NOAEL derived from a LOAEL will be estimated using an UCF of 10.
o A chronic NOAEL derived from a sub-chronic NOAEL will be estimated 

using an UCF of 10.

COPECs for which no toxicity thresholds can be identified will be identified in the 
Screening Assessment and discussed in the uncertainty evaluation. 

7.2.4 Risk characterization and uncertainty analysis
Screening-level risk estimates will be quantified as HQs using the following equation:

Where:
HQ = hazard quotient (unitless)
EC = exposure concentration
Dose = dose
TRV = toxicity reference value

HQs for all exposure pathways will be added to arrive at a species-specific HIs for 
COPECs that have a common mechanism of action or common target organ (DTSC,
1996a).

An uncertainty analysis will be presented along with the risk results. Uncertainties 
associated with, but not necessarily limited to, the following will be discussed:

10 Because of limited plant toxicity, laboratory plant species will be considered acceptable surrogates for 
plant receptors at the Site. 

TRV
Doseor  ECHQ 
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 Representativeness of exposure pathways and selected receptors
 Representativeness of modeled exposure concentrations, including the use of air 

modeling to derive soil and water concentrations, the use of localized areas to 
represent exposure areas, the use of uptake models to derive tissue concentrations, 
and the use of exposure assumptions to model doses

 Limitations and representativeness of toxicity data
 Use of conservative assumptions (e.g., NOAELs) to derive risk estimates

A discussion of the risk results, including the magnitude of HQs/HIs greater than one and 
associated uncertainties, will be presented to determine the conclusions of the Screening 
Assessment.

If existing background data are available from the area, background COPEC 
concentrations of inorganic COPECs and their associated risk estimates may also be 
discussed as part of the risk characterization. If inorganic COPECs contribute 
significantly to predicted risks, site samples and/or background samples may be collected 
to verify or evaluate the modeled concentrations.

7.2.5 Results and decision criteria for additional evaluation
The results of the Screening Assessment will provide the basis for a recommendation to 
either: (1) conduct no further assessment because HQs/HIs are less than one and 
ecological risks is assumed to be negligible, or (2) conduct further assessment, such as a 
Baseline Assessment and/or Validation Study, to further characterize the potential for 
ecological risk. 

7.3 Baseline Assessment and Validation Study

For any receptors/COPECs with HQs/HIs greater than one from the Screening 
Assessment, a Baseline Assessment may be warranted for further evaluation of potential 
risk, prior to determining the need for a Validation Study. A Baseline Assessment is 
recommended prior to deciding whether a Validation Study is necessary to ensure that 
potential ecological risks are appropriately evaluated beyond screening-level assumptions 
before conducting costly (and potentially unnecessary) site-specific toxicity studies. 

A Baseline Assessment is equivalent to EPA’s Baseline Assessment (EPA, 1997). A 
Baseline Assessment is not an explicit step of DTSC’s ERA process; instead, it is a 
refinement of DTSC’s Phase I: Predictive Assessment (DTSC, 1996a) (i.e., the Screening 
Assessment described in Section 7.2) using more realistic assumptions and/or site-
specific media (i.e., soil) to predict quantitative risk estimates.

The Baseline Assessment would be a refinement of the Screening Assessment based on 
one or more of the following components:

 Refinement of exposure assumptions (such as the consideration of home ranges to 
estimate exposures the include areas outside of the point locations downwind and 
immediately adjacent to TSU-1 and TSU-2)
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 Refinement of toxicity values (use of LOAELs rather than NOAELs)
 Use of site-specific media data (e.g., site-specific background data, site-specific

soil data)

The Baseline Assessment would be presented as an addendum to the Screening 
Assessment, rather than as a standalone report, and would focus only on describing and 
providing rationale for the baseline assumptions that were changed from the screening 
assumptions, and the results of the baseline assessment. 

If HQs/HIs are less than one based on baseline assumptions and/or site-specific data, 
risks at the Site will be considered to be within an acceptable range and no further 
evaluation will be proposed. However, if HQs/HIs are still greater than one based on 
baseline assumptions and/or site-specific data, a determination of whether a Validation 
Study is needed will be discussed with DTSC. 

In a Validation Study, site-specific toxicity data will be collected for those receptor 
pathways that the Screening and/or Baseline Assessment(s) determine to possess the 
potential for risk. The details and level of effort needed for a Validation Study will be 
vetted with DTSC prior to the collection of site-specific toxicity data. The results of the 
site-specific toxicity data would be compared to those of the Screening and/or Baseline
Assessment(s) to determine whether the predicted risks actually appear to be occurring at 
the Site. 
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Appendix A

TSU-1 Treatment 
Inventory (2005-2014)

(Appendixes provided as electronic files)
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TSU-2 Treatment 
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RFA - Teledyne Mccormick Selph 
June 10, 1991 

on November 7, 1983. The ISD was kept in place for treatment in 

tanks, storage and treatment in surface impoundments, and thermal 

treatment of explosives. Teledyne is an on-site facility only and 

does not accept any hazardous waste from off-site. 

Teledyne submitted closure certifications for two underground 

treatment tanks in March of 1985. Lake Teledyne and surface 

Impoundments 1 and 2 were closed with DHS approval on October 7, 

1986. 

2.1 Site Location and Features 

The Teledyne McCormick Selph facility is located in the city 

of Hollister, San Benito County, California, at approximately 

36050' north latitude and 121027 • 30 11 west longitude. Teledyne 
I 

' 
occupies 2so· acres of rolling hill country. 

The site consists of office buildings, manufacturing 

facilities, hazardous waste areas, and a network of internal 

roads. The facility has 12 major buildings and numerous other 

areas as listed in Table 2 .1. The locations of these 

buildings are shown in Figure 2-1. 

3 
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RFA - Teledyne· McCormick Selph 
June 10, 1991 

explosive and pyrotechnic compounds and nitrogen based 

chemicals for agricultural, pharmaceutical, and 

industrial applications. Proprietary and generic 

explosives and pyrotechnics are manufactured, blended, 

and/or modified at resea:r:ch and development, pilot plant, 

and production scales. Individual manufacturing efforts 

are intermittent, with production runs ranging from days 

to months .. . 

2.2.2 HAZARDOUS WASTE ACTIVITY 

Hazardous waste activities at the site consist of: (l) 

generation and accumulation of different types of waste 

for less than 90 days from manufacturing and R & D 

activities prior to storage in the permitted storage 
I 

areas; (2) '.storage of hazardous wastes in tanks and 

containers for periods up to one year; (3) evaporation 

of wate·r from explosive contaminated waste; (4) open 

burning of sol vent contaminated with reactive wastes; ( 5) 

open burning of solid reactive waste; and {6) open 

detonation of solid reactive wastes. 

The hazardous waste units at the facility which are 

regulated under the 1981 ISO, the 1983 Permit, and the 

November 1989 Agreed Settlement aand Order {Appendix E) 
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· (_ RFA - Teledyne McCormick Selph 
June 10, 1991 · 
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3.4 SURFACE WATERS 

Surface water within 1,000 feet of the facility includes the 

San Justo Reservoir, a farm pond, two stock ponds, and a dry 

creek. Lake Teledyne, though artificial, sits in a natural 

basin. The drainage flow from the facility, as well as the 

surrounding watershed, flows into Lake. Teledyne. The San 

Benito River, an intermittent stream, flows between Teledyne 

and Hollister in a northwesterly direction during heavy 

storms. Water that does not drain into the San Benito River 

recharges the aquifer. 
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