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1) INTRODUCTION 

On behalf of AMG & Associates, LLC (the Client) Phase-1 Environmental Services (P-1ES) has prepared this Site 

Management Plan (SMP) for the property consisting of 9 contiguous parcels located at 10550 and 10552 

International Boulevard (formerly E. 14
th
 Street), and 1424, 1500,1510, 1520, 1528, 1536, 1544, 1548/50, 1560/70 

105
th
 Avenue in the City of Oakland, Alameda County, California, subsequently referred to in this report as the 

“Property" or “Site”.  The site is currently under the regulatory oversight of the Alameda County Environmental 

Health Services (ACEH) (Alameda County Case No. RO3151), and is in the process of being developed for mixed 

commercial/residential occupancy.  Please refer to Figures 1 through 6 for the site and parcel information. 

Due to past historic uses there is a potential to encounter residual contamination at the parcels included in this 

redevelopment.  In the event that residual contamination, including newly discovered tanks or piping are 

encountered during site redevelopment, this SMP has been developed to provide a framework to manage the 

contamination should it be found at the Property during construction activities, in a manner that is; (1) satisfactory to 

ACEH and other regulatory agencies, (2) protective of human health and the environment, and (3) complies with 

residential land use standards. 

ACEH will be notified within 24 hours if soil is encountered during construction that is suspected of being 

contaminated, or any other environmental conditions are discovered which may require action. 

 

The purpose of this SMP is to provide an agenda for appropriately addressing environmental impacts that might 

be encountered during development construction. The SMP includes the following: 

 

1. A description of the Site and planned development project; 

2. A summary of known and potential environmental conditions; 

3. Guidelines for testing, managing, and disposing of lead-based paint if encountered; 

3. Guidelines for managing soil, and/or vapors that may be encountered, and; 

4. Mitigation measures for discovered environmental conditions that may be encountered. 

 

The project involves the decommissioning and destruction of existing buildings and surface coverings on the 

Property, and the construction of a multi-story, high density residential complex and its associated parking. 

Several phases of environmental assessment and remediation activities have taken place that identified the 

presence of hazardous substances released from historic site activities - primarily limited to petroleum 

hydrocarbons. An overview of the site history and results of these assessments and remediation is presented in 

Section 2.2) below.  This is summarized in more detail in the WellTest, Inc;  Excavation Documentation Report 

(Report 4409) Batarse Redevelopment, 10550 International Blvd. Oakland, California, dated April 3, 2015 - 

ACHSA Site Cleanup Program Case # R0003151; Global ID T0000006347. This document is on file at the 

ACEH. 

2) SMP BACKGROUIND 
 

2.1) Site Description, Historic Uses, and Planned Development 

 
The multiple parcel Property has a history of sparse residential dwellings starting in the late 1930’s with 

commercial activities beginning in the about the early 1950’s ranging from a candy factory, photo lab, to 
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Roller Derby school.  Automotive related uses began in about the early 1960’s, and included dealerships, 

auto body shops, and auto repair facilities dating to present time. 

The Client intends to demolish buildings that exist behind (to the northeast) of the existing 10500 

International Blvd. parcel and behind the frontage building at 10550 (see Figure 6).  A 6 inch concrete 

ground soil floor slab will be laid over all of the demolished parcel areas.  This will be the parking area of 

the facility.  At 13 ft. above the floor slab, a 13 inch thick concrete podium deck will be built, over which 

four stories of residential apartments will be constructed.  The proposed structures are shown in 

Attachment C. 

2.2) Summary of Environmental History and Conditions 

 
The area of the residential development had an extensive soil and groundwater investigation performed 

in 2001 as part of a redevelopment plan for the Oakland Unified School (OUSD).  The OUSD was 

considering purchasing the Property for school expansion. This work was performed by Levine-Fricke 

Recon (LFR) under the oversight of the Department of Toxic Substances Control (DTSC). The 

investigation revealed soil contamination – primarily by petroleum hydrocarbons, in a number of areas 

of the Property.  Elevated Lead, Zinc, Chromium, and Arsenic were also detected in some areas.  Some 

groundwater samples also contained constituents above MCL’s.  A risk study and analysis, including 

Human Exposure risks, was performed as part of the LFR Preliminary Site Assessment.  Excerpted 

Tables from the LFR PSA relative to Values and Exposure Risk Estimates of COCs detected in soil 

and groundwater on the site are contained in Attachment A. The Levine-Fricke PEA Appendix H 

“Screening Level Evaluation” is also contained in this Attachment. This documents how each COC 

and its potential for human exposure was determined in their recommendations.   

As a result of the study, the DTSC prescribed six areas on the Property to be excavated or remediated 

to meet their school occupancy requirements.  Shortly thereafter, the Oakland School District curbed 

their school expansion plans due to financial constraints.  Under Commercial zoning and current land 

use, the Property did not require any clean-up. Copies of the LFR 2001 PSA and Remedial Action 

Work plan documents are on file with Alameda County Health Care under 10500-10550 International 

Blvd. 

In 2014, the developer (our Client) entered into an agreement with the owner to purchase the Property 

and develop it for a combination residential and commercial occupancy.  The current Property owner 

subsequently opened a Voluntary Clean-up case with the ACHD, proposing to perform remediation at 

the site in accordance with the plan that was previously prescribed by the DTSC for school occupancy.  

The Plan was approved, and the work executed in March, 2015. Excavation of five of the six areas of 

concern was performed by WellTest, Inc. Extremity samples were collected and analyzed for the 

specific COC’s in each of those areas. Sample testing determined that constituents of concern in soils 

in those five areas that had been above the DTSC clean-up levels required for school occupancy were 

effectively removed.  Attachment B contains excerpted tables and drawings from the WellTest, Inc. 

Excavation Report showing the areas excavated, along with tables displaying the extremity sample 

analytical results.  The sixth area that had been prescribed by the DTSC to be remediated was in Area 

4 of the site, where elevated Total Chromium had been detected in LFR sample #BASB013.  WellTest, 

Inc. collected a new soil sample from the exact location and depth the LFR sample had been taken.  
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That sample was analyzed for both Total Chromium, and Chromium VI in order to determine the ratio 

between Total and Hexavalent (IV) Chromium in the soil.  The results can be viewed in Table 1-B of 

Attachment B.  The sample ID is 4-B-1d3.0. The ratio showed Cr VI and Total Cr to be well below 

residential ESL standards.  This area, therefore, was not excavated. 

2.3) Contaminants of Potential Concern 

 
The primary constituents of concern at the Property are Total Petroleum Hydrocarbons (Oils, Diesel, 

Gasoline) in shallow soils resultant from spills or leakage from vehicles that were not found during the 

investigation and remediation activities.  There is an existing oil/water separator positioned on the 1424 

105
th
 Ave. parcel as shown on Figure 5.  The Site Environmental Consultant will be notified and present 

during its removal and attention given to potential contamination in its vicinity.  Lead based paint from 

demolished buildings is  of concern, as well as lead in shallow soils that could have been impacted by lead 

paint from those buildings.  There is also a possibility that heating oil tanks and/or their piping associated 

with past residences could be encountered during demolition and excavation activities. 

2.4) Site Hydrology 

 
The direction of groundwater flow in the Property vicinity is assumed to be to the southwest to northwest, 

towards San Francisco Bay, and consistent with the slope of the regional topography.  Groundwater flow 

measured in 1995 on site and surrounding sites indicated the gradient was southwesterly.  According to 

Helley et. al. (1979), the Property and vicinity are underlain by Late Pleistocene alluvium. These sediments 

are described as weakly consolidated, slightly weathered, poorly soiled irregular inter-bedded clay, silt, 

sand and gravel that is at least 150 feet thick. This material grades progressively from coarse-grained 

stream deposits toward higher elevations to fine-grained alluvial fan and fresh-water marsh deposits nearest 

the present shore of the bay. 

3) SOIL AND GROUNDWATER MANAGEMENT 
 

Groundwater at the Property is at depths greater than 20 ft. BGS, and with the exception of a recently closed well 

at the 1510 105
th
 Ave. parcel, there are no known remaining wells on the Property.  Development plans are 

limited to surface and shallow soils excavation, and no contact with groundwater anticipated by the development.  

This SMP is, therefore, limited to soil management. 

 

3.1) SMP Applicability 

 
As noted above, soil impacted with concentrations of COPCs may be present at various on-site locations. 

This SMP presents protocol for the following construction activities that may encounter COPCs: 

 

 Demolition of the buildings and existing concrete and asphalt surfaces; 

 Shallow excavation, and grading; 

 Subsurface utility installation, maintenance, or repair, and; 

 Building slab construction and other subsurface work. 

 



5 | P a g e  

 

Contractors and their Subcontractors shall follow the soil management protocols presented in this SMP 

anywhere on-Site. In addition, if Contractors or their Subcontractors observe conditions indicative of 

contamination anywhere on-Site, they will follow the protocols presented in this document.  Any observed 

or suspected contamination shall be reported to the Environmental Consultant immediately. 

 

3.2) Risk Management 

 
This section presents the risk management procedures to be followed during the above described 

construction activities during the on-site development, including worker training and impact mitigation 

measures. 

3.2.1) Pre-Construction Lead Characterization, Planning and Notification 

 

Prior to the start of building demolition, a lead paint inspection will be performed by a certified 

professional on all buildings on the Property constructed prior to 1977.  Substrates that test positive 

for lead paint will be sampled in accordance with EPA waste disposal guidelines and if applicable, 

laboratory analyzed by STLP to determine leaching potential.  Any substrate that exceeds the EPA’s 

5.00 mg/ltr. limit will be treated as hazardous, and at the discretion of the Developer, either treated on 

site to non hazardous levels, or disposed of as hazardous material.  If on-site treatment is elected, it 

will be performed using an EPA recognized product and method such as Lead Out
®
 Lead Paint 

Stripper.  If hazardous disposal is elected, all Lead-affected substrates shall be separated from other 

non hazardous waste materials, and if stockpiled on site, shall be placed on plastic sheeting and 

covered.   As part of the lead  inspection, and after building demolition and debris disposal, a Tube 

Based DELTA Handheld XRF (or equivalent) will be used to screen surface soils in the vicinity of the 

previous building walls on the site to determine lead impact to surface soils.  Representative soil 

sample(s) will be collected from area(s) where the XRF screening detected lead above the residential  

ESL of 80 mg/kg, and sent to an analytical laboratory for leach testing by Method TCLP.  The number 

of samples collected and submitted shall be negotiated with the ACHD. The results of the screening 

shall be documented by the Inspector and a report written by the Environmental Consultant on the 

results of the screening.  This document will be submitted to the ACHD for their review.  Actions 

required to address the lead issues discovered (if any) will be negotiated with the ACHD.   

 

Prior to the start of any construction activity (ie; building demolition, grading, slab construction, 

excavating or utility trenching), information regarding Site risk management procedures (a copy of 

this SMP) will be provided to the Contractors for their review and each  contractor shall provide such 

information to its Subcontractors. 

 3.2.2) Site-Specific Worker Health & Safety 

 

Each Contractor shall be responsible for the health and safety of their own workers, as required by 

Cal-OSHA, including but not limited to preparation of their own health and safety plan (HSP) and 

injury and illness prevention plan (IIPP). The purpose of these documents is to provide general 

guidance to the work hazards that may be encountered during each phase of Site construction 

activities. Contractors are also required to determine the requirements for worker training, based on 

the level of expected contact to soil, and soil vapor, associated with the contractor's activities and 

locations with respect to COPCs described in Section 2.3. The HSP will contain provisions for 
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limiting and monitoring chemical exposure to construction workers, chemical and non-chemical 

hazards, emergency procedures, and standard safety protocols. 

 3.2.3) Construction Impact Mitigation Measures 

 

During construction, measures will be taken by Contractors to minimize dust generation, and 

appropriately manage storm water runoff, and tracking of soil off-site. The construction impact 

mitigation measures are described below. 

  3.2.3.1) Site Control 

 

Site control procedures will be implemented by the Contractor to control the flow of personnel, 

vehicles, and materials in and out of the site while working with potentially contaminated 

materials. In addition, Site control measures will help control the spread of COPCs from the 

Site, if they are present. The Site perimeter will be fenced by the Contractor. Access and egress 

will be controlled at selected locations. Signs will be posted by the Contractor at all Site 

entrances instructing visitors to sign in at the project support areas. 

  3.2.3.2) Equipment Decontamination 

 

Because potentially impacted soil may be present at the site, precautions to limit the off-Site 

transfer of soil are warranted. These precautions also are applicable if during any construction, 

impacted soil is expected or confirmed to be encountered. Decontamination procedures will be 

established and implemented by the Contractor to reduce the potential for construction 

equipment and vehicles to release contaminated soil onto public roadways or other inadvertent 

off-Site transfer. At a minimum, gravel will be placed by the Contractor at all Site access 

points and excess soil will be removed from construction equipment using dry methods (e.g., 

brushing or scraping) prior to moving the equipment off-Site. 

  3.2.3.3) Personnel Protective Equipment 

 

Personal Protective Equipment (PPE), including appropriate clothing are used to isolate 

workers from COPCs and physical hazards. The minimum level of protection for workers 

coming into direct contact with potentially contaminated materials is Level D, listed below. 

The level of PPE will be evaluated by the contractor and modified if warranted based upon 

conditions encountered at the Site and/or type of work activity in accordance with their own 

HSP (see Section 3.2.2). 

 

 Coveralls or similar construction work clothing; 

 Reflective safety vests; Steel-toed boots; 

 Hard hat; 

 Work gloves, as necessary; 

 Safety glasses, as necessary, and; 

 Hearing protection, as necessary 
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3.2.3.4) Dust Control 

 

Mitigation measures will be conducted during soil handing and earthwork to minimize 

the creation and dispersion of dust in accordance with BAAQMD Rule 403 as outlined in the 

Western Regional Air Partnership Handbook Chapter 3 “Construction and Demolition” Pages 

3-1 through 3-25 (Attachment D) and will include the following measures: 

 

 Application of water while grading, excavating, and loading, as needed; 

 Limiting vehicle speeds to 5-miles per hour on unpaved portions of the Property; 

 Minimizing drop heights while loading/unloading soil; and, 

 Additional measures as may be identified and implemented by Contractors, as 

necessary, especially if dry and windy conditions persist during periods of 

earthwork. 

During grading activities and depending upon Site conditions, the Environmental Consultant 

will set up dust monitors to document airborne concentrations at upwind and downwind 

Property boundaries.  The monitoring will be performed using DataRAM PDR-1000 

particulate monitors or their equivalent. The locations of the monitoring stations will be 

determined by the environmental geologist or engineer in the field. The wind direction and 

time of observation will be recorded in the field and the sampling location will be modified 

during the day if significant changes in wind direction are readily observed. The particulate 

meters will be monitored by the field geologist or engineer to evaluate if excessive dust is 

migrating off-site. Each time the monitors are checked, the differences between the average 

upwind dust concentration and the average downwind concentration will be compared to 

ambient air quality standard of 150 micrograms per cubic meter over an averaging time of 8-

hours for respirable dust. If this standard is exceeded, increased dust control measures will be 

implemented. Results of the air monitoring, if performed, will be summarized for the 

Developer and Contractor in daily reports. 

3.2.3.5) Storm Water Pollution Controls 

 

The Civil Engineer will prepare a storm water pollution prevention plan (SWPPP) for the Site. 

Contractors and their Subcontractors shall comply with the provisions and protocols of the 

SWPPP. Storm water pollution controls will be based on best management practices (BMPs), 

such as those described in "Information on Erosion and Sediment Control for Construction 

Projects: A Guidebook" (Water Board 1998) and "Erosion and Sediment Control Field Manual, 

Third Edition (Water Board 1999). The California Stormwater Best Management Practice 

Handbooks published by the California Stormwater Quality Association (CASQA) 

(http://www.casqa.org) also reflect current practices and storm water management standards. 

Sediment and erosion control procedures may include, but are not limited to the following: 

 

 Constructing temporary berms or erecting silt fences around exposed soil; 

 Placing straw bale barriers or sediment traps around catch basins or other entrances to 

storm drains; 
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 Covering soil stockpiles with plastic sheeting or tarps during rainfall events, and; 

 Implementing other appropriate BMPs. 

3.3) Soil Management Protocols 

3.3.1)  Soil Monitoring and Screening 

 

If soil is encountered that is suspected of being contaminated (e.g., if soil discoloration or odors are 

noted), or any other environmental conditions are encountered which may require action during 

construction, the potentially impacted soil will be field screened by the Environmental Consultant. It is 

expected that the Environmental Consultant will only be used on an as-needed basis (whenever 

potentially contaminated soil is encountered) and will not be onsite during the entire duration of 

construction activities. The Environmental Consultant and ACEHD will be notified within 24 hours by 

the Contractor in the event that potentially impacted soil is encountered, and the Environmental 

Consultant will be onsite to perform field screening and possible sample collection as discussed below. 

 

The Environmental Consultant will perform the field screening. In general, the field screening protocol 

will consist of using a hand-held photo-ionization detector (PID) instrument. Field screening of soil 

will be performed using the headspace analysis method of placing a small volume of soil into a plastic 

baggie, sealing the baggie, and placing the PID probe tip into the baggie after a minimum waiting 

period of 30 seconds. Field screening PID readings will be written in a bound project-dedicated log 

book along with notable field observations, if any. The PID instrument will be an Ion Science 

Phocheck+PID, a MiniRae 3000 PID or functionally similar instrument. The instrument will be capable 

of quantifying total VOCs in air and include features to minimize interference from high relative 

humidity which may be encountered during the headspace analysis. Each instrument will have a 

standard 10.6eV lamp, capable of ionizing VOCs. Each instrument will be field calibrated using 

isobutylene. 

 

A field screening value of 10 ppmv above background using the headspace analysis method will be 

used as an action level to trigger follow-up soil sampling for laboratory analysis. Each day field 

screening is performed; a series of three background readings will initially be generated using on-site 

soil from locations away from potential source areas. Those values will be averaged to form a 

background value for that day. Headspace field readings consistently above 10 ppmv plus background 

would trigger collection of at least one soil sample for laboratory analysis of TPH using EPA Method 

8015 and VOCs using EPA Method 8260B. Soil samples submitted for laboratory analysis may be 

analyzed on a rush basis, as appropriate based on the data turn-around requirements of the day's 

activities. Laboratory results will be documented and submitted to the Developer. 

 

The field screening trigger level of 10 ppmv plus background will also be used to determine whether 

40-hour HAZWOPER trained construction workers and equipment operators are needed in areas 

showing potential soil impact, until conditions are verified with laboratory data. If field instrument 

readings of 10 ppmv plus background are consistently recorded in an area, then the Contractor will be 

notified by the Environmental Consultant and the Contractor, in consultation with the Environmental 

Consultant, will determine whether 40-hour trained HAZWOPER personnel will be used for working 

in that area. In such a case, only work being performed in that particular area will be suspended and the 

area will be cordoned off until 40-hour trained personnel are available. 
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It is noted that soil moisture and other factors can influence field instrument readings resulting in false 

positive results. If readings are unusually high in the absence of other indications of soil impact, 

suggesting excess moisture or other factors, a replacement instrument will be obtained and locations 

with high readings will be confirmed. Also, if only one or two field screening readings slightly exceed 

10 ppmv plus background and other readings collected in the same general area do not, then a soil 

sample may not be collected for laboratory analysis at the discretion of the Environmental Consultant. 

In the event field monitoring PID readings trigger soil sampling, the Contractor will be notified to 

temporarily stop work at the location and the Consultant will perform a limited assessment in the area 

of potential soil impact. One or more soil samples may be collected for laboratory analysis in the area 

showing elevated PID readings. 

 

Upon receipt of analytical results, the ACEHD may direct the Developer to investigate the extent of the 

potential hydrocarbon impacted area. Such investigation may include the use of a backhoe, hand auger 

equipment, or drill rig, as circumstances may dictate for additional soil screening or the collection of 

soil or soil gas samples. Other COPCs may be investigated, as may be appropriate. Such investigation 

and any subsequent characterization or remediation work, will be coordinated between the ACEHD, 

the Developer, the Environmental Consultant, and Contractor. 

3.3.2)  Management of Impacted Soils 

 

During construction activities, if soil is encountered that is suspected of being contaminated (e.g., if 

soil discoloration or odors are noted), or if buried structures (such as sumps, tanks, drain systems), 

debris or un-abandoned wells are encountered, earthwork in the suspect area will be immediately 

stopped and worker access to the suspect area will be restricted. The area will be cordoned off using 

delineators and caution tape, or similar materials by the Contractor and the Environmental Consultant 

and ACEHD will be notified. The quality of soil suspected to be contaminated will be evaluated 

through field screening and/or analytical testing by the Environmental Consultant so that appropriate 

handling and disposal alternatives can be determined. If on-site re-use of the contaminated soil is 

desired, soil samples shall be collected from the stockpile and analyzed for COPCs (Section 2.3). 

 

If COPCs are detected, whether above or below regulatory agency screening levels, further 

investigation of the area may be performed as determined by the Developer in coordination with the 

Environmental Consultant. For soil considered for re-use, if COPCs are detected below applicable 

screening levels, re-use of the soil may be appropriate, at the discretion of the Environmental 

Consultant and Developer. 

 

If COPCs are detected above the applicable ESLs, the results will be communicated to the ACEHD and 

soils will be profiled into a landfill facility for proper disposal under appropriate waste manifest. Prior 

to off-Site disposal, soil samples will be collected and analyzed in accordance with the requirements of 

the selected disposal facility. 

 

Cleanup/remediation activities may be required at the Site if impacted soils are encountered or a 

previously unknown release is identified in order to meet applicable federal, state and local laws, 

regulations and requirements. If impacted soil is identified at the Site, earthwork activities in 

contaminated areas will be performed by licensed hazardous materials contractors and personnel 
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trained in hazardous waste operations (40-hour OSHA training), if warranted based on COPC 

concentrations. The soil management procedures described in this document and the contractor's HSP 

will be followed. The scope of such removal action will be determined by the Developer in 

coordination with the Environmental Consultant and approved by the ACDEH.  The clean-up levels for 

impacted soils on site shall be in accordance with the current San Francisco Bay Regional Water 

Quality Control Board Environmental Screening Levels (ESL) database, or as determined through an 

Exposure Risk Analyses and Assessment conducted by a licensed Professional, and based on 

residential occupancy standards.  Extremity soil samples shall be collected from each area where 

excavation is required in accordance with standard practices, and as approved by the ACDEH.  In 

general, at least one sample per sidewall and one from the bottom of the excavation will be required; 

however, the number and frequency of samples required will be subjected to field observations and the 

environmental Professional’s judgment.  Samples will be analyzed at a State Certified laboratory using 

analytical methods that are appropriate and approved for the particular Chemicals of Concern in each 

of the excavated areas. 

 

Soil suspected of being contaminated that is excavated during construction shall be stockpiled 

separately from "clean" soil. Stockpiled soil that is suspected to be contaminated shall be stockpiled on-

Site on top of and covered by an "impermeable" liner (i.e., 6 mil plastic sheeting) by the Contractor to 

reduce infiltration by rainwater and contamination of underlying soil. The soil shall be managed for 

erosion and sediment control by surrounding the base with straw wattles or other methods consistent 

with SWPPP BMPs. Stockpiles shall be checked daily by the Contractor to verify that they are 

adequately covered. The affected soil stockpiles shall be profiled for disposal by a licensed 

Professional using the soil sample collection protocols and analytical test methods prescribed and 

required by the selected disposal facility. 

 3.3.3) Management of Soils During Construction 

 

Surplus soil generated during development may be transported from the Site. If no impact is identified 

during the monitoring procedures outlined in Section 3.3.1, such surplus soil will either be transported 

to an appropriate landfill facility or to another project that accepts the soil. If transported to another 

project, soil samples will be collected and analyzed in accordance with the requirements of that project 

in consultation with the Environmental Consultant. If transported to a landfill facility, the soil samples 

will be collected and analyzed according the profiling requirements of that facility. The Contractor will 

coordinate with the Environmental Consultant regarding all off-Site soil disposal activities. As outlined 

in Section 3.3.2, the ACEHD shall be contacted if potentially impacted soil is discovered. As stated in 

Section 3.3.2, surplus soils with detectable concentrations of hydrocarbons above the applicable 

screening level will not be re-used onsite; such soils will be properly disposed of at an offsite landfill. 

Disposal documentation and manifests will be provided to the ACEHD. 

3.3.4) Import Fill 

 

The Environmental Consultant, Geotechnical Engineer, and ACEHD will be notified prior to importing 

fill soil to the Site. An evaluation of import fill materials will be conducted to ensure such fill meets the 

geotechnical and environmental requirements. To minimize the potential introduction of contaminated 

fill onto the Site, all selected sources of import fill will have adequate documentation to verify that the 

fill source is appropriate for the Site. Documentation will include detailed information on previous land 
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use of the fill source, any Phase I Environmental Site Assessments performed and the findings, and the 

results of any analytical testing performed (Phase II Investigations). 

 

If no documentation is available or the documentation is inadequate or if no analytical testing has been 

performed, samples of the potential fill material will be collected and analyzed prior to delivery of such 

soil to the site. The analyses selected will be based on the fill source and knowledge of the previous 

land use as determined by the Environmental Consultant. The sample frequency for potential fill 

material will be in accordance with that outlined in the technical document titled, "Information 

Advisory on Clean Imported Fill Material" (DTSC, October 2001).  A copy of this document is 

contained in Attachment E. The Environmental Consultant will provide guidance to the Contractor 

regarding acceptability of imported fill; no fill material will be accepted if contaminant levels exceed 

current residential environmental screening goals (unrestricted re-use criteria) and/or regional 

background concentrations. No recycled concrete fill shall be used in this project. 

4.0) NOTIFICATION AND DOCUMENTATION 
 

4.1) Key Contacts 

  

Company Role Contact Telephone 
AMG & Associates, LLC Developer Alexis M. Gevorgian 

 
(818) 380-2600 Ext. 14 (o) 

Alameda County Health 

Care Agency 

ACHC Case Manager Mark Detterman (510).567.6876 (o) 

To be Determined Environmental 

Consultant 

  

To be Determined General Contractor   

To be Determined Project Engineer   

To be Determined Geotechnical Engineer   

To be Determined Civil Engineer   

 

4.2) Notifications 

 

Notifications of the discovery of COPCs in field screening, observations, or analytical results or other 

conditions of potential environmental concern are to be made immediately to the Developer, the 

Environmental Consultant, and ACEHD. The Developer will determine the need for other required 

notifications. If such discovery or conditions require notification to the Contractor and/or Sub-Contractors, 

such notification will be determined by the Developer and the Environmental Consultant. 

 

4.3) Documentation 

 

The Environmental Consultant will prepare a report(s) containing all documentation of conditions, 

including observations, screening results, findings, analytical laboratory results, contingency measures 

taken, dust control analytical, disposal manifests, and all other measures taken to comply with provisions 

of this SMP, including HSP requirements, work practices, and material handing requirements.  This 

report(s) will be submitted to the ACEH as a condition for closure. 



5.0) LIMITATIONS 

Contractors and Subcontractors are responsible for review of this SMP prior commencing work at the Site and 

for the health and safety of their own employees and subcontractors. The Developer is responsible for review of 

the provisions of this SMP and for incorporating its guidelines into their project planning and specifications. 

This document was prepared for the sole use and benefit of AMG & Associates, LLC, its project subsidiary, and 

its Contractors and Consultants at the Site. Neither this report, nor any of the information contained herein shall 

be used or relied upon for any purpose by any person or entities. P-I ES relied on information prepared by others 

however P-I ES cannot be responsible for its accuracy or completeness or for the availability of all information 

that may be relevant to the preparation of this document. 

If there are any questions, please do not hesitate to contact Phase-I Environmental Services at 831-422-2290. 

Respectfully Submitted, 

Phase-I Environmental Services 

FIGURES 

1) ite Location Map
 
2) Parcel Overview Map
 
3) Par·cel Map 1
 
4) Parcel Map 2
 
5) Existing Site Plan
 
6) Planned Demolition
 

ATTA lIME TS 

A) LFR Values and E po. ure Ri'k Estimate' of COCs - 'oil 

B) WellTest, Inc. Excavation Locations, Extremity ampling & Result 1 abies 

C) DG Group Structural and Plan" Submittal 
D) Western Regional Air Partnersbip - Demo and Consh"Uction Dust Control - haptcr 

E) DTSC Information Advi ory on Clean Imported Fill 

1211' a '-! L' 



N

SITE LOCATION MAP

Current Addresses: 10550, 10552 International Blvd & 1424, 1500, 1510, 1520, 1528, 1536, 

1544, 1548, 1560/1570 105
th
 Ave, Oakland, CA 94603 

Parcel #’s: 47-5509-10, 47-5509-9-1, 47-5509-7, 47-5509-6, 47-5509-5, 47-5509-4, 47-5509-3, 

47-5509-1-1, 47-5519-5-2

Legend

OAKLAND, CA 

ALAMEDA COUNTY

Project Number: P6-06-05-2015

SITE

FIGURE 1



N

PARCEL OVERVIEW MAP

Current Addresses: 10550, 10552 International Blvd & 1424, 1500, 1510, 1520, 1528, 1536, 

1544, 1548, 1560/1570 105
th
 Ave, Oakland, CA 94603 

Parcel #’s: 47-5509-10, 47-5509-9-1, 47-5509-7, 47-5509-6, 47-5509-5, 47-5509-4, 47-5509-3, 

47-5509-1-1, 47-5519-5-2

Legend

Project Number: P6-06-05-2015
FIGURE 2

47-5509-10

47-5509-9-1

47-5509-7

47-5509-6

47-5509-5
47-5509-4

47-5509-3

47-5509-1-1

47-5519-5-2



P

E

S
N

Figure 3

PARCEL MAP OVERVIEW 1

Parcel #’s:  47-5509-10, 47-5509-9-1, 47-5509-7, 47-5509-6, 47-5509-5, 47-5509-4, 47-5509-3, 

47-5509-1-1

Legend

10500 International Blvd

Parcel: 47-5509-41

Anticipated Parcel Split 

Proposed Residential 

Development

Property Border

Remains 

Commercial

Remains 

Commercial
Parcel 47-5519-5-2 

See Overview 2



P

E

S
N

Figure 4

PARCEL MAP OVERVIEW 2

Parcel #: 47-5519-5-2

Legend

10500 International Blvd

Parcel: 47-5509-41

Anticipated Parcel Split 

Proposed Residential 

Development

Property Border

Remains 

Commercial

Remains 

Commercial

Parcel Overview 1



10500 International Blvd

(East 14
th

 St)

1424 

Terra Construction

A B

1510 105
th

 Ave
B

A

Body Shop

1560/1570 105
th

 Ave
J.J. Haavisto

Tow Yard

1520 105
th

 Ave
Gravel Lot 

Car Storage

1528-1536 105
th

 Ave
Paved Lot

Car Storage

1424 105
th

 Ave

1544-1550 

105
th

 Ave
We Do Cars

Auto Body Shop

Property Owner Storage

Paved Storage and Parking 

Lot

10552
Borderline 

Automotive 

Service

10550 International 

Blvd

Former 

550 Gal 

Waste 

Oil UST

Case 

Closed

Automotive 

Parking and 

Storage

Tow Yard Parking and 

Storage

Former 1000 

Gal UST

Case Closed

Rockforth

Pharmacy

Dollar Green

Thrift Store

1
0

5
th

 A
v

e
1

0
5

th
 A

v
e

International Blvd (Formally East 14
th

 St)

Former Closed 

Water Supply 

Well

Oil/Water 

Separator
Former 

Sump

FIGURE 5

EXISTING SITE PLAN

PRE-DEMOLITION
1500-1570 105

TH
 St

10500-10550 International Blvd 

JUNE 2015

NOT TO SCALE

Downstairs 

Web 

Access

Offices

Parking Lot

Former Monitoring 

Wells Closed

Existing Building

Property Borders

Former Monitoring Wells

Property Drains 

1500 105
th

 Ave
Bill & Bill Auto Body Shop



10500 International Blvd

(East 14
th

 St)

 

A B

1510 105
th

 Ave

Body Shop

1560/1570 105
th

 Ave

Concrete

1520 105
th

 Ave

Gravel Lot

1528-1536 105
th

 Ave
Asphalt

1424 105
th

 Ave

1544-1550 

105
th

 Ave

Asphalt

10552 

International 

Blvd

10550 International 

Blvd

Asphalt 

Asphalt
1

0
5

th
 A

v
e

1
0

5
th

 A
v

e

International Blvd (Formally East 14
th

 St)

FIGURE 6

PLANNED 

DEMOLITION
1424-1570 105

TH
 St

10500-10550 International Blvd 

JUNE 2015

NOT TO SCALE

Building to be Demolished

Property Borders

Property Drains 

1500 105
th

 Ave

Asphalt 

Asphalt 

Approx. Parcel Split

Refer to Developer Drawings 



ATTACHMENT A 

 

 LFR Values and Exposure Risk Estimates of COCs – Soil & 

LFR Appendix H: Screening Level Evaluation 



Table 15
Title 22 Metals Detected in Croundwater

Batarse Site, Oakland, California
Concentrations in micrograms per litet (pgll)

Location lD Date
Sampled

As Ba Co Cu Mo Ni Pb sb Zn

T

I
T

t
t
t
I
t
!
I
T

I
T

I
I
t
I
T

I

Data prepared by: TIH . Data QA/QC by:
Notes:
DUP = Duplicate sample
J = Reported value is estimated.
Samples were analyzed by Curtis and Tompkins Anall,tical Laboramries Ltd. for metals using EPA test
method 60204.

As : Silver Ba : Barium Co = Cobalt Cu : Copper Mo = Molybdenum
Ni : Nickel Pb : Lead Sb = Antimony Zn = Zinc

LDF .

rpt_water_Metals. rpt Page 3 of 3 oq/o1/2(n1
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Table 15
Total Pelroleum Hydrocarbons in Soil -

Concentrations Above 100 mg/kg
Batarse Site, Oakland, California

Concentrations in milligrams per kilogram (mglkg)

BASBO2T

BASBO3I

BASBO3l

BASBO3l

BASBO3l

BASBO3l

BASB03I

BASB03I

BASBO3I

BASBO32.DUP

BASBO33

BASBO36

BASBO36

BASBOT3

BASBOTT

BASBOTT

Area 1

Area 5

2'7 -Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-01

26-Mar-O1

26-Mar-O1

2Z-MatJ)l

22-Mar-01

02-Apr-01

30-Mar-01

30-Mar-01

120 YH

440 JYH

480 JYL

220 I
4M JYH

530 JYL

250 l
180 JYH

I90 JYL

360

240

160 YH

630

120 Y

270 yH

22WY

(3.50-4.00) TPHmo

(6.s0-7.00) TPHg

(6.50-7.00) TPHms

(6.50-7.00) TPHss

(9.50-10.00) TPHg

(9.50-10.00) TPHms

(9.50-10.00) TPHss

(14.s0-15,00) TPHg

(14.50-15.00) TPHms

(4.50-5.00) TPHmo

(3.50-4.00) TPHmo

(3,50-4.00) TPHd

(3.50-4.00) TPHmo

(2.50-3.00) TPHmo

(3.s0-4.00) TPHd

(3.50-4.00) TPHmo

100

100

100

100

r00

100

100

100

100

100

100

100

100

r00

100

100

BASBO22

BASBO22

BASBO22

BASBO22

BASBO22

BASBO22

BASB023

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

220 YL

1300

970 YL

490

600 YL

300

150

(1.s0-2.00) TPHd

(1.50-2.00) TPHmo

(4.50-5.00) TPHd

(4.50-5.00) TPHmo

(9.50-10.00) TPHd

(9.50- 10.00) TPHmo

(20.50-21.00) TPHmo

100

100

100

100

r00

r00

100

Area 6

Area 7

BASBOOI

BASBOO2

BASBOO2

02-Apr-01

3l-Mar-01

3l -Mar-01

140 Y

I5O YH

1000 Y

(22.50-23.00) TPHmo

(2.50-3.00) TPHd

(2.50-3.00) TPHmo

100

100

100

T

T

t
T

BASBOl S

BASBOl9

BASBO52

BASBO52

BASBO53

rpr_Soil_TPH_Bkgnd. rpt

(11.50-12.00) TPHmo

(2,00-2.50) TPHmo

(3.50-4.00) TPHmo

(24.50-25.00) TPHmo

(1.50-2.00) TPHmo

PaBe I of 2

05-Apr{ I

05-Apr-01

02-Apr{1

02-Apr-01

03-Apr{1

r30

330

290 Y

480

460 YH

100

100

100

100

100

09t07 t2001

location lD Date
Sampled

Depth
(feet bgs)

Chemical Result Comparison
Value



Table 16
Total Petroleum Hydrocarbons in Soil -

Concentrations Above 100 mg/kg
Batarse 5ite, Oakland, California

Concentrations in milligrams per kilogram (mg/kg)

I
I
T

I
t
I
T

I
T

t
T

T

I
I
t
t
T

I
I

BASBO54

BASBO54

BASBO56

BASBO5S

03-Apr-01

03-Apr-01

30-Mar-O1

2l-Mar-O1

(1.50-2.00) TPHmo

(2 t.50-22.00) TPHmo

(3.504.00) TPHmo

(3.50-4.00) TPHmo

290

t70

120 Y

310 Y

100

r00

t00

100

BASBO6I 05-Apr-01 (0.00-0.50) TPHmo 100

BASBO9O

BASBO9O.DUP

09Jul-01 (2.00-2.50)

09-Jul-01 (2.00-2.50)

TPHmo

TPHmo

360

310

r00

100

Data Prepared by: TIH
Notes:

Data QA/QC by: LDF .

bgs = below ground surface
DUP = Duplicate sample
H : Heavier hydrocarbons contributed to the quantitation.
J : Reported value is estimated.
L = Lighter hydrocarbons contributed to the quantitation.
Y : Sample exhibits fuel pattem which does not resemble standard.
TPHd = total petroleum hydrocarbons as diesel
TPHg : 1e61 *,.oleum hydrocarbons as gasoline
TPHmo : toml petroleum hydrocarbons as motor oil
TPHms = total petroleum hydrocarbons as mineral spirits
TPHpt = total peEoleum hydrocarbons as paint thinner
TPHss = toml petroleum hydrocarbons as stoddard solvent
Samples were analyzed by Cunis and Tompkins Analytical Laboratories Ltd. for
all compounds using EPA test method 8015 modified.

rpr Soil_TPH Bk8rnd.rpt Page 2 of 2
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Table 1 7

Title 22 Metals in Soil - Concentrations Above Background Levels
Batarse Site, Oakland, California

Concentations in milligrams per kilogram (mg/kg)

Area 1

BASBO26

BASBO2T

BASBO2T

BASBO2T

BASBO2S

BASBO28

BASBO33

BASBO33

BASBO33

BASB034

BASB036

BASBOTO

BASBOTI

BASBOTI

BASBOT2

BASBOT2

BASBOTT

BASBOT8

28-Mar{1

27 -Mar-01

27 -Mar-01

27-Mar-01

27-Mar-01

27 -MaI-01

26-Mar-01

26-Mar-01

26-Mar-01

27-Mar-01

22-Mar-Ol

03-Apr-01

03-Apr-O1

03-Apr-01

05-Apr-01

05-Apr-o1

30-Mar-O1

05-Apr-O1

(4.004.50)

(4.00-4.50)

(4.00-4.50)

(15.00-1s.50)

(1.00-1.s0)

(1.00-1.50)

(4.00-4.50)

(4.00-4.50)

(4.00-4.50)

(4.00-4.50)

(4.0o-4.50)

(3.50-4.00)

(2.00-2.s0)

(2.00-2.50)

(2.50-3.00)

(2.50-3.00)

(4.00-4.50)

(4.00-4.50)

Pb

Pb

Zn

Hg

Pb

Zt
Ba

Pb

Zr\

Pb

Cd

Pb

Pb

Zn

Pb

Zn

Pb

Pb

22.0

74.0

140,0

l.l
83.0

120.0

340.0

160.0

430.0

24.0

3.1

z7 .Q

130.0

240.0

44.0

110.0

30.0

20.0

16.1

l6.l
106. I

0.4

16. 1

106.1

323.6

16. 1

106. I

l6. t

2.7

t6.l
l6.l

106. r

16. I

106.1

16.1

16.1

Area 2

Area 3

Area 4

Area S

BASBO4I

BASBO4l

BASBOO8 2l-Mar-o1 (4.00-4.50) 26.0 16.1

28-Mar-01 (4.00-4.50)

28-Mar-01 (5.00-5.50)

Pb

Pb

28.0

49.0

16. I

16. r

BASBO l2

BASBOl3

BASBOI6

17.0

160.0

60.0

t9-Mar-01 (4.00-4.50)

20-Mar-01 (3.00-3.50)

04-Apr-01 (2.50-3.00)

Pb

Cr

Pb

16. I

99.6

16.1

BASBO22

BASBO22

BASBO22

BASBO23

BASBO23

BASBO23

BASBO23

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-0t

(2.00-2.50)

(s.00-5.s0)

(10.00- 10.50)

(2.W-2.s0)

(2.00-2. s0)

(2.00-2.50)

(21.00-21.50)

Page I of 3

16.1

16. I

16. I

19. I

16.1

106.1

16.1

09t01/2c0t

Pb

Pb

Pb

As

Pb

Zn

Pb

31.0

63.0

23.0

33.0

130.0

400.0

33.0

Location lD Date
Sampled

Depth
(feet bgs)

Chemical Result Background
Level

rpt_Soil_Metals BkgrDd. rpr



Location lD Date
Sampled

Depth
(feet bgs)

Result Background
[evel

Table 1 7
Title 22 Metals in Soil - Concentrations Above Background Levels

Batarse Site, Oakland, California
Concenttations in milligrams per kilogram (mglkg)

Area 5

I
I
I
I
t
T

T

I
I
I
I
I
I
I
I
I
I
I
I

BASBO23

BASBO24

BASBO25

BASBO25

BASB086

BASBO8T

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr-01

04-Apr{l
04-Apr{l

(21.00-21.50)

(2.00-2.50)

(4.004.50)

(4.004.50)

(2.00-2.50)

(4.004.s0)

Zn

Pb

Pb

Zn

Cd

cd

120.0

17 .0

18.0

110.0

3.0

2.8

106.1

l6.l
16. 1

106. I

2.7

?.7

Area 5

Area 7

BASBOO2

BASBO2I

31-Mar-01 (3.00-3.50)

29-Mar-01 (l 00-1.50)

Pb

Pb

24.0

19.0

l6.l
l6.l

BASBOI9

BASBOI9

BASBO52

BASBO52

BASBO55

BASBO56

BASBO5T

BASBO5T

05-Apr-01

05-Apr-01

02-Apr-01

02-Apr-01

29-Mar-01

30-Mar-01

28-Mar-01

28-Mar-01

(2.50-3.00)

(2.50-3.00)

(4.00-4.50)

(25.00-2s.50)

(8.50-9.00)

(2s.00-2s.50)

(4.00-4.50)

(4.00-4.50)

Pb

Zl
Zl
Zn

Pb

Ba

Pb

Zt

54.0

130.0

130.0

150.0

zo.o

410.0

r40.0

140.0

16. I

106.1

106.1

106.1

16. I

323.6

r6.l

106. 1

BASBO5O

BAS8060

BASB06l

BAS8062

BASBO63

BASBO65

20-Mar-01

05-Apr-01

05-Apr-01

05-Apr-01

05-Apr-01

22-M^t-01

(2.50-3.00)

(0.00-0.s0)

(0.00-0.s0)

(0.00-0.s0)

(0.00-0.50)

(0.00-0.50)

Pb

Pb

Pb

Pb

Pb

Pb

38.0

36,0

130.0

18.0

110.0

31.0

16. I

16, 1

16. I

16. 1

16. 1

16. I

Area 9

BASBOM

DUP

09-Jul-01 (2.50-3.00)

09-Jul-01 (2.50-3,00)

Pb

Pb

66.0

43.0

16. I

16. I

Data prepared by: TIH Data QA/QC by: LpF .

Notes:
Metals background concentrations from Oakland Urban Land Development.
bgs = below ground surface
DUP = Duplicate sample
Samples were analyzed by Curtis and Tompkins Anatytical Laboratories Ltd. for
mercury using EPA test method 7470 and EPA test method 74704 and all other
memls were analyzed by EPA test method 60108.
As = Arsenic Ba = Barium Cd = Cadmium Cr = Chromium

rpt_Soil_Metals_Bkgrnd.rpt Page 2 of 3 u)to1 /z(lr)t



Table 17
Title 22 Metals in Soil - Concentrations Above Background levels

Batarse Site, Oakland, California
Concentrations in milligrams per kilo4ram (ng/kg)

Hg = Mercury Pb : trad Zn : Zirc

Location lD Date
Sampled

Depth
(eet bgs)

Result Background
Ievel

rpt_Soil_Metals Bkgmd.rpt Page 3 of 3 @10'7 tz(]ol
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Table 18
Total Petroleum Hydrocarbons in Water -

Concentrations Above SNARLs
Batarse Site, Oakland, California

Concentrations in micrcgtams per liter (pgll)

Area 1

BAS8026

DUP

BASBO3l

BASBO3l

BASBO3I

BASBO3I

BASBO32

BASBO36

BASBO3T

BASBOTl

BASBOT I

BASBOTI

BASBOT2

BASBOT3

BASBOT6

BASBOT6

BASBOTT

Area 2

BASBOOT

BASBOOS

28-Mar{l TPHd

28-Mar{l TPHd

26-Mar01 TPHd

26-Mar-01 TPHg

26-Mar-01 TPHms

26-Mar-01 TPHss

26-Mar-01 TPHd

22-Mar-01 TPHd

22-Mar-01 TPHd

03-Apr-01 TPHd

03-Apr-01 TPHg

03-Apr-01 TPHpt

05-Apr-01 TPHd

02-Apr-01 TPHd

30-Mar-01 TPHd

30-Mar-01 TPHmo

30-Mar-0t TPHd

130 Y

140 Y

8OO YL

610 YH

920 YLb

320

61 Y

73v
100 Y

I5O YL

320 Y

240

80Y

73Y

530 Y

s30

52Y

100

r00

100

5

5

5

100

100

100

100

5

5

100

100

100

100

100

3l-Mar-O1 TPHd

2l-Mar-o1 TPHd

70Y

150 YZ

100

100

r00

100

100

100

Area 4

Area 3

BASB04I 28-Mar-01 TPHd 120 Y

100

100

r00

Area 5

BASB012 19-Mar-01 TPHd

8A58016 04-Apr{1 TPHd

DUP 04-Apr-01 TPHd

61 Y

7rv
6l Y

BASBO22

BASBO23

BASB023

Area 6

BASBOOI

BASBOOI

BASBO2l

02-Apr-01 TPHd

02-Apr-01 TPHmo

29-Mar-01 TPHd

360 YH 100

1200 Y 100

66 Y 100

04-Apr-01 TPHd ll0 Y

04-Apr-01 TPHd 310 YH

04-Apr-01 TPHmo 1100

location lD Date
Sampled

Chemical Result SNARL
value

rpt water TPH Bkgmd.rpi Page I of3 $to1 /1x)l



Location lD Date
Sampled

Chemical Result SNART
value

Table l8
Total Petroleum Hydrocarbons in Water -

Concentrations Above SNAR[s
Batarse Site, Oakland, California

Concentrations in micrograms per liter (pqll)

Area 6 -
100

5

5

100

5

5

100

5

5

Area 7

BASB05t O2-Apr{l TPHd

BASB05l 02-Apr-01 TPHg

BASB051 02-Apr-01 TPHpt

BASB081 05-Apr-01 TPHd

BASB0Sl 05-Apr-01 TPHg

BASB08I 05-Apr-01 TPHpt

DUP 05-Apr-01 TPHd

DUP 05-Apr-01 TPHg

DUP 05-Apr-01 TPHpt

BASB018 05-Apr-01 TPHd

BASB052 02-Apr{1 TPHd

BASB052 02-Apr-01 TPHmo

BASB055 29-Mar-01 TPHd

BASB058 21-Mar{1 TPHd

20000 Y

19000

14000 Y

210000 Y

77W

5800 Y

90000 Y

720i0

5400 Y

I
t
T

I
T

I
t
I
!
I

I
t
I
I
I

160 YH

IOO YH

360 YH

51 Y

57Y

r00

r00

100

r00

100

Area 8

BASB050 20-Mar-01 TPHd 65 Y l0o t
IData prepared by: TIH . Data QA/QC by:

Notesi
SNARLs = Suggested No-Adverse-Response Levels, Regional
Water Quality Control Board, Central Valley Region, A
Compilation of Water Quality Goals, August 2000
SNARLs only exist for TPHg and TPHd bur were applied to
similiar TPH fractions.
bgs : below ground surface
b : Continuing calibralion verification percent difference was
slightty above acceptance timits in batch-
DUP = Duplicate sample
H = Heavier hydrocarbons contributed to the quantitation.
L = Lighter hydrocarbons contributed to the quantitation.
Y : Sample exhibits fuel pattern which does not resemble standard.
Z : Sample exhibits unknown singte peak or peaks.

TPHd = total petroleum hydrocarbons as diesel
TPHg : total petroleum hydrocarbons as gasoline
TPHmo = total petroleum hydrocarbons as motor oil
TPHms = total petroleum hydrocarbons as mineral spirits
TPHpt = total petroleum hydrocarbons as paint thimer
TPHss : total peroleum hydrocarbons as stoddard solvent
Samples were analyzed by Curtis and Tompkins Analytical I

T
rpt_water_TPH Bkgmd.+t Page 2 of 3 6to7 /2{nl



Tolal Petroleum Hydrocarbons in Water -
Concentrations Above SNARLs

Batarse Site, Oakland, California
Concentrations in micrograms per liter (pg/l)

[ocation lD Date
Sampled

Chemical Result SNART
value

Laboratories Ltd. for all compounds using EPA test merhod 8015
modified.

rpr_waler TPH_Bkgrnd.rpt Page 3 of 3 09/07/2001
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T able 22
Chemical Properties Ior Chemicals of Potential Concern

Batarse Site, Oakland, California

7962 PEA HRA Tables

Chemical
CAS

Number

Vapor

Pressurer
(mmHB @ 20-30C)

Solubilityl
(mgil @ 20-30C)

Henry's Law r

(atm-m3i mol)

Metals

Antimony
Arsenic

Barium
Cadmium

Chromium
Cobalt

Copper

Lead

Mercury
Molybdenum
Nickel
Zirc
OCPs

4,4'.DDT
alpha Chlordane
gamma-Chlordane

PAHs

2-Methylnaphthalcne

Berzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

BeDZo(g,h,i)perylene

Chrysene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

Naphthalenc 
2

Pyrene

SVOCs

bis(2-Ethylhexyl)phthalate 
2

Phenol

VOCs

1,2,4-Trimethyltrenzene 2

1,3,5-Trimethy)benzene 
2

Acetone

7410-36-0
'7440-38-2

1440-19-3
7 440-43-9

7 440-47 -3

7440-48-4
7,140-50-8

7439-92-t
7439-97-6

7 439-98-7

7440-02-0
7440 66-6

50-29-3
5103-71-9
5103-'14-2

91-57-6

s6,55-3

50-32-8

205-99-2
191-24-2

218-0r-9
53-70-3
r 93-39-5

9t-20-3

129-00-0

I 17-81-7

t08-95-2

95-63-6

108-67-8

67-U-l

l.00E+00
0.008+00

0.00E+00
0.008+00

0.00E+00
0.00E+00
2,00E-03

0.00E+00
0.00E+00
0.008+00

5.50E-06
1.00E 05

r.00E-05

2.20E-08

5.608-09
s.00E-07
1.03E-10

6.3E-09
l.00E-10
t .008- r 0

8.50E-02

2.50E-06

t.4zE-0'7
3.41E,01

2.108+00

?.48E+00

2.70E+02

5.00E-03
5.60E-01

5.60E-01

5,70E-03
1.20E-03

I 40E-02
7,00E-04

1.80E 03

5.00E-04
5.30E-04

3.10E+01

1.328-01

2.708-01
9.308+04

5.70E+01

4.82E+01

1.00E+06

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

5.13E-04
9.63E,06
9.63E-06

1.168-06

1.558-06
r lgE 05

5.34E-0E

1.05E-06

7.33E-08
6.868 08

4.40E-O4

5.04E-06

2.708 01

4.s4E-O7

6.168-03

8.77E-03

2.06E-05

Page I of2
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Table 22
Chemical Properties for Chemicals of Potential Concern

Batarse Site, Oakland, California

Notes:

' Vulr". from Exhibit A-1, U.S.EPA Superfund Public Health Evaluation Manual, October 1986.

' Values from Environmental Science Center Database; http://esc. syrres.comi interknowi physdemo. htm

mg/l : Milligrams per liter

atm-mr/mol = atmosphere-cubic meter per mole

NA = Not applicable

-- : Not available

OCPs = Organochlorine Pesticides

PAH = Polynuclear Aromatic Hydrocarbons
SVOCs : Semivolatile organic compound

VOCs = Volatile organic compound

7962 PEA HRA TabIeS

I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
t
I

Chemical
CA5

Number

Vapor

Pressurel
(mmHs @ 20-30C)

Solubilityl
(mg/l @ 20-30C)

Henry's Law 1

(atni-m3/mol)

Bromodichloromethane 1

Bromoform

Carbon Disulfide

Chloroform

cis- 1,2-Dichloroethene

Dibromochloromethane 2

Ethylbenzene

Isopropylbenzene 2

m,p-Xylenes

Methylene Chloridc
MTBE 2

n-Butylbenzene 
2

, ,-, Ipara-lsopropyr r oruene

Propylbenzene 2

sec-Butylbenzene 
2

Styrene 
2

Tetrachloroethene

Ioluene

Trichloroethenc

Irichlorofl uoromethane 
2

Vinyl Chloride

7 5-2',7 -4

75-25-2

75- 15-0

67 -66-3

t56-59-2

t2+-48-t

100-41-4

98-82-8

1330-20-7

75 09-2

163444-4

104-51-8

99-81-6

103-65-1

135-98-8

100-42-5

t27 -t8-4

108-88-3

79 01-6

7 5-69-4

75,01-4

5.00E+01

5.00E+00

3.60E +02

1.51E +02

2.08E+02

5.54E+00

7,00E+00

4.50E+00

1.00E+01

4,31E+03

2.50E+02

1.06E+00

1.46E+00

3.42E+{n

l 758+00

6.40E+00

L78E+01

2.81E+01

5.79E+01

8.03E+02

2.66E +03

3.03E+03

3.0tE+03

2.94E+03

8.20E+03

3.50E+03

2.708+03

t.52E.+O2

6.138+01

1.98E+02

6.50E +03

5.10E+04

1.18E+01

2.348+01

5.228+01

t.76E+01

3.108+02

1.50E +02

5.35E + 02

l.lOE+03

l. toE+03

2.6',7E+03

z.t2E-03

5.52E-04

1.23E-02

2.878-03

7.588-03

7.83E-04

6.438-03

1 l5E-02

7.04E-03

4.408-02

5.87E-04

t.598-02

1. 10E-02

t.058-02

1.768-02

2.75E-03

2.598-OZ

6.37E-03

9.10E-03

9.708 -02

8. r98-02

Page 2 of 2
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Table 23

Carcinogenic Ioxicity lnformation for Chemicals of Potential Concern
Batarse Site, Oakland, Calilornia

Chemical

Oral Cancer

Slope Factor
(Sfo)

(mg/ksday)-t

lnhalation Cancer
Slope Factor

(sfD

(mgikg-day)'1

weight-ol
Evidence

Classilication

Toxicity lnformation

Reference Sourcel

Melals

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Mercury

Molybdenum

Nickel

Zinc

OCPs

4,4'DDT
alpha-Chlordane

.qamma-Chlordane
PAH.S

2-Methylnaphthalene

Benzo(a)aDdlracene

Benzo(a)pyrene

Benzo(h)fluoranthene

Benzo(g,h,i)perylene

Chryscne

Dibenz(a,h)aDthracene

Indeno(1,2,3 cd)pyrene

Naphthalene

Pyrene

SYQCI
his(2-Ethylhexy I)phthalate

Phenol

VOCS
1,2,4-Trirnedlylbenzene
1,3,5 Trimethylbenzene

Bromodichloromethane

Bromolbrm
Carbon Disulfide
Chloroform
cis 1,2 Dichlo.oethene
Dibromochloromethane
Ethvlbenzene

NA

1.58+00

N*A

3.88 01

NA

NA

NA

NA

NA

NA

NA

N"A

3.4E-01

1.3E + 00

1.3E + 00

NA
1.2E+00
l.2E+01
1.2E+00

NA

1.2E-{l I

4.1E+00
t.2E +00

NA
NA

3.0E-03
NA

NA
NA
NA

1.38 01

7.98,03
NA

3.1E-02
NA

9.4E U
NA

NA

t.2E+01

l.5E + 01

NA

NA

NA
NA

NA

NA

9.lE 01

NA

l.4E-01
r.2E+00
t.2E+00

NA
3.9E-01

l.9E +00
3.9E{1

NA
3.98{2

4.1E+00
3.9E-01

NA
NA

8.4E-03
NA

NA
NA
NA

1.3E{1
1.9E43

NA
t.gE 02

NA
9.48 02

NA

D

B1

D

D

B2

D

D

ts2

ts2

82

B2

82
C

D

B2

B2

It2

B2

t)

;
BZ

;;
D

C
D

IRIS 2001

CAL/EPA 2OOI. IRIS 2OO1

IRIS 200I

CAL/EPA 2001. IRIS 2OOI

IRIS 2001

IRIS 2001

IRIS 2001

IRIS 2001

IRIS 2001

IRIS 2M1

CAL/EPA 2001. IRIS 2OO1

IRIS 2001

CAL/EPA 2001, IRIS 2M1
CAL/EPA 2OOI, IRIS 2OO1

CAL/EPA 2001, IRIS 2OO1

IRIS 2001

CAL/EPA 2001. IRIS 2OO1

CAL/EPA 2001. IRIS 2001

CAL/EPA 2OOt, IRIS 2OO1

IRIS 2001

CAL/EPA 2001, IRIS 2OOI

CALi EPA 2OOI. IRIS 2OO1

CAL/EPA 2OOI. IRIS 2OOI

IRIS 2001

lRrs 2001

CAL/EPA 2001, IRIS 2OO1

IRIS 2001

IRrS 2001

IRIS 2001

IRIS 2001

CAL/EPA 2OOI, IRIS 2OO1

IRIS 2001

IRIS 2001

CAL/EPA 2001, tRtS 2001

tRts 2001

CAL/EPA 2OOI, IRIS 2OO1

IRIS 2M1

PrEc l of2



Table 23

Carcinogenic Toxicity lnformation for Chemicals of Potential Concern

Batarse Sile, Oakland, California

I
I
I
I
I

I Calilornia EPA OEHHA Cancer Potency Values, March 2U)l i

U.S. EPA Integrated Risk [nformation System (lRlS) database, May 2fi)1.

mg/kgilay = Milligmms per kilogram per day

OCPS : Organochlorine Pesticides

PAH : Polynuclear Aromaiic Hydrocarbons

SVOCs = Semivolatilc organic compound

VOCS = Volati,e organic compotind

NA : Not applicahl€

--- : Not availablc

weight-of Evidence Classification:
A - Human carcinogen

Bl - P()hable human carcinogen - iDdicates that limited human data are tvarlable

82 - Probable human carcinogen - indicates sufficient evidence in aninLlls and

inadequate or no cvidEnce in humans

C - Possible human carcinosen

l) - Nor cld\\rfrahlc ar tr, human carcjno!,enicir)

I
I
T

I
I
I
T

I
I
t

7962 PEA HRA Tables

t
t
I

ennt I

Chemical

Oral Cancer
Slope Factor

(Sfo)

(mg/kgday)-r

lnhalation Cancer
Slope Factor

(sfi)

(mg/kg-day)-t

Weight-o,
Evidence

Classification

Toxicity lnformation

Reference Sourcer

Isopropylbenzene

m,p-Xylenes

Methylene Chloride
MTBE
n-Butylbenzene

rara-Isopropyl Toluene

Prolylbenzene
lec-Butylbenzenc

Styrene

Ietrachloroethene
Ioluenc
Irichloroethene
Irichlorot'luoromethane
Vinyl Chloride

NA
NA

1.4E-02

1.8843
NA
NA
NA
NA
NA

5.I E-02

NA
1.58-02

NA
2.7E4t

NA
NA

3.58-03
t.8E-03

NA
NA
NA
NA
NA

2. 1E-02

NA
l.0E 02

NA
2.7E-01

D

D

92

;
D

IRIS 2001

IRIS 2001

CAL/EPA 2OOI. IRIS 2OO1

CAL/EPA 2001. lRtS 2001

IRIS 200 r

IRIS 2001

IRIS 2001

IRIS 2OO1

IRIS 2LYJ I
CAL/EPA 2OO I. IRIS 2OO1

tRts 2axl1

CAL/EPA 2001. IRIS 2OO1

IRIS 2001

CAL/EPA 2OOI, IRIS 2OO1

Notes:
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Table 24

Noncarcinogenic Toxicity lnformation for Chemicals of Potential Concern

Batarse Site, Oakland. California

7962 PEA HR A. Tables

Chemical

Oral
Reference Dose

(RfDo)
(mg/kg{ay)

lnhalation
Relerence Dose

(Rf DD

(mg/kg-day)
Primary Target

Organs

Toxicity lnformation

Reference Sourcel

Vetals

Antimofly
Arsenic
Barium

Sadmium

Shromium

:obalt
3opper
t-ead

Mercury

Molybdenum

Nickel

Zinc
OCPs

1,4'.DDT
rlpha-Chlordane
gamma-Chlordane

PAHs

2-Methylnaphthalene

Beozo(a)anthracene

Benzo(a)pyrenc

Beozo(b)tluoranthene

Benzo(g,h,i)perylene

Chrysene

Dibenz(a, h)anthraceoe

lndeno(1,2,3-cd)pyrene

Naphthalene

Pyrene

SVOCs

his(2-[thylhexyl)pht]ulate
Phcnol
VOCs

1.2.4-Trimethylbcnzene
1,3.5-Trimethylbenzene

Bromodichloromethane

Bromotorm
Carboo Disulfide

4.0E-04

3.0E-04

7 .OE-O?

5.0E-04

3.0E-03

6.0E-02

3.7E-02

5.0E 03

I nF-O?

3.0E-0 r

5.0E-04

5,0E-04
5.0E-04

2.0E-02
3.0E-02

2.0E-02
6.0E-01

5.0E 02

5,0E-02
1.0E-01

2.0l;-02
2.0E-02

1,0E-0r

1.48-04

2.6E-05

5.0E-04

2.OE-04

2.0E-04

2.6E-03

3.0E-02

2.0tr-02
6.0E-01

1.7E-03

1.7E, 03

l.0E-01
2_0E42
2.0E-02
2.0E-01

Blood

Skin
Blood Pressure

Kidney

Liver

GI
Neurotoxicity
Neurotoxicity

Weight Loss

BIood

Liver
l,iver
Liver

Body Weight,

Respiratory System

Kidney

Livel
Bodv Weiqht

Liver, Kidney

Kidney
Liver

Fetal Toxicitv, PNS

NCEA
NCEA
NCEA
NCEA

NCEA

NCEA
NCEA

CAL/EPA OEHHA 2OOI

NCEA

NCEA

NCEA

IRIS 2001

IRIS 2001

IRIS 2001

IRIS 2OOI,;AL/EPA
OEHHA 2OO1

rRrs 2001

IRIS 2OO1

IRIS 2001

NCEA
NCEA

IRIS 2001

IRIS 2OO1

IRIS 2001

IRIS 200 t
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Oral
Reference Dose

(RfDo)
(mg/kgday)

lnhalation
Reference Dose

(Rf DD
(melks-day)

Primary Target
Organs

Toxicity lnformation

Reference Sourcel

Chlorotbrnl

cis-1,2-Dichloroethene

Dibromochloromethane

Ethylbenzene

lsopropylbenzene

m,p-Xylenes

Methylene Chloride

MTBE
1-tsutylbenzenc

rara-lsopropyl Toluene
Propylbenzene

iec-Butylbenzene

!tyrcnc

fetrachloroethene

Ioluene

frichhrocthenc
Irichlorotluoromethane

Vinyl Chloride

l 0E-02

l.0E-02

2.0E-02

l.0E-01
r.0E-01

2.0E +00

6.0E-02

8.68,01
L0E-02

l.0E-02
l.0E-02
2.0E-01

1.0E,02

2.0E 0l
l.0E 02

3.0E-01

3.0E-01

l 0E-02

l 0E-02

2.0E-02

5.7E-0t
r .1E-01

2,0E 01

r. 1E-01

2.2E +00
r.0E-02

t.0E,02
r.0E-02

3.0E-0 t
r.1E 01

8.68 02

r.0E-02

l.0E 0l

2.9F. i2

Liver
Blood

Liver

Liver, Kidney.Fetus
Kidney

Body weight, CNS,
Whole Body

Liver

I-iver, Kidney

Bltxrd, Liver, CNS

Livcr
Livcr, Kidney, CNS,

PNS

CNS/PNS, GI System

IRIS 2001

HEAST 1997

rRrs 2001

IRIS 2OOI, CALiEPA
OEHHA 2OO I

IRIS 2001

IRIS 2OOI, CAL/EPA
OEHHA 2OO1

IRIS 2OOI, CAL/EPA
OEHHA 2OOI

IRIS 2OO I, CAL/tsPA
OEHHA 2OO1

NCEA

NCEA
NCEA

IRIS 2001

IRIS 2001, NCEA
IRIS 2OO I, CAL/EPA

OEHHA 2OO I

IRIS, withdraw value

IRIS 2001

IRIS 2001

Notes:

Table 24

Noncarcinogenic Toxicity lnformation for Chemicals of Potential Concern
Batarse Site. Oakland, California

I National Center for Environmental Assessment (NCEA) as citcd in

U.S. EPA Region 9 Preliminary Remedial Goals, November 2000.

U.S. EPA Integrated Risk lntbrmation System (IRIS) database, May 2001.

U.S. EPA Heath Effec(s Assessment Summary Tables (HEAST). Annual Update, FY 1997.

CAL/EPA Office of Environmental Heath Hazard Assessmcnt (OEHHA) database, August 2001.

mg/kg-day : Milligrams per kilogram per day

NA : Not applicable
-- : Not available
OCPs : Organochlorine Pesticidcs

PAH : Polynuclear Aromatic Hydrocarbons
SVOCs : Semrvolatile organic conrpound

VOCs : Volatile organic compound

PNS = Pcripheral Nervous System

CNS = Central Nervous Systom
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APPENDIX H

Screening Level Evaluation
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LFR levine-Fricke

INTRODUCTION

A human health screening evaluation was performed for the Site, in conformance with
the PEA Guidance Manual. Analytical data from the sampling events conducted by
LFR were used for this evaluation.

The purpose of the screening evaluation was to provide the risk manager with an
estimate of the potential chronic health risk/hazard from affected soils identified at the
Site. The screening evaluation was used to assist in evaluating whether further site
characterization, risk assessment, or remediation was necessary. The risk/hazard
estimates are calculated for exposure pathways most frequently encountered in a
residential selling.

Under the residential scenario, the receptors are assumed to be exposed 24 hours a day,
350 days per year for 30 years for the reasonable maximum exposure (RME) case (I.e.,
6 years for a child and 24 years for an adult; Cal/EPA Department of Toxic Substances
Control [DTSC] 1994). The residents are assumed to be exposed via inhalation of
airborne particulate and vapor emissions from the Site. Inhalation rates of 0.83 cubic
meter per hour (m3/hr) for a 24-hour day (i.e., 20 cubic meter per day, m3/day) for an
adult resident and of 0.43 m3/hr for a 24-hour day (i.e., 10 mJ/day) for a child resident
were used for the residents evaluations as recommended by CallEPA for the RME
case. Residents are also assumed to use the shallow groundwater as a domestic source.
Groundwater ingestion rates of two liters per day for adult residents and one liter per
day for child residents are used in the evaluation. To add a level of conservatism,
volatile organic compounds (VOCs) are assumed to migrate into the indoor air.
Inhalation of VOCs during bathing is also considered.

The residents are also assumed to be exposed via incidental ingestion and direct dermal
contact with soils at the Site. Ingestion rates of 100 milligrams per day (mg/day) for an
adult resident and of 200 mg/day for a child resident were used for the residents
evaluations, as recommended by Cal/EPA for the RME case. The exposed skin surface
areas of 5,800 square centimeters per day (cm2 /day) for an adult resident and of 2,000
cm2 /day for a child resident were used for the residential evaluations as recommended
by Cal/EPA for the RME case. The default value for soil-to-skin adherence factor of I
milligram per square centimeter (mg/cm2

) was used in the residential evaluations for
direct dermal exposure. The adult resident was assumed to be exposed to soils via the
direct dermal route two times per week or 100 days per year. The child resident was
assumed to be exposed to soils via the direct dermal route seven times per week or 350
days per year. The average body weights of an adult resident and a child resident were
assumed to be 70 kilograms (kg) and 15 kg, respectively.

The DTSC-modified Johnson and Ellinger vapor transport model was used to estimate
VOC concentrations in indoor air. Silty clay soils are assumed to best represent the
Site, and appropriate model parameters were selected. The results of the modeling are
presented in Attachment I and summarized in Tables 25 and 26.

I
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lFR levine·Fricke

• The Site will be developed into a school and covered with buildings and pavement.

EXPOSURE PATHWAYS AND MEDIA OF CONCERN

The conceptual site model shows that exposure to affected soils and groundwater may
be possible along the inhalation, ingestion, and dermal absorption pathways.

I
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PEA-balarse-Apps-07962 .doc:wlk

Figure 11 presents a conceptual site model for the Site. The conceptual site model is
the tool used to identify the complete exposure pathways for the screening level
evaluation of chronic health risks. The model for the Site was developed based on the
following assumption:

The exposure pathways for soil, groundwater, and air include inhalation, ingestion, and
dermal absorption. The conceptual site model diagram is included as Figure II. The
PEA soil results indicate that affected soils are distributed throughout the Site. VOCs

Soil chemicals of potential concern (COPCs) used in the evaluation of chronic health
risk from the ingestion, dermal contact, and inhalation pathways included metals,
organochlorine pesticides (OCPs), polynuclear aromatic hydrocarbons (PAHs),
semivolatile organic compounds (SVOCs), and YOCs and are summarized in Table 20.

Groundwater COPCs used in the evaluation of chronic health risk from inhalation of
vapors and domestic use include metals, PAHs, SVOCs, and YOCs and are
summarized in Table 21.

The screening evaluation presented herein is intended to be a health-conservative
preliminary evaluation of potential risk and hazard and represent a reasonable
maximum exposure as defined by the U.S. EPA to the identified COPCs. In
establishing screening evaluation assumptions and exposure factors, LFR considered
those factors described in the PEA Guidance Manual, which include (but are not
limited to) the following:

• land use (residential)

• exposure pathways and media of exposure (inhalation, ingestion, and dermal
absorption)

• chemicals of potential concern (metals, OCPs, PAHs, SYOCs. and YOCs)

• exposure point concentrations (the higher value of the COPC 95 % upper
confidence limit [VCL] or maximum detected concentration for both soil and
groundwater

Ingestion of and bathing in groundwater was considered as a complete pathway, even
though individuals at the school would be unlikely to drink groundwater from the Site.
The evaluation was performed for risk management information purposes. The
inhalation of VOCs in groundwater migrating through the soil column and into indoor
air was also considered as a complete exposure pathway.

Page H-2
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LFR Levine'Fricke

were identified in the shallow groundwater. Modeling was performed to estimate the
air concentration of the VOCs migrating from the groundwater, through the soil
column and into the breathing zone. Direct contact to groundwater was considered. The
risk/hazard was calculated for the soil, groundwater, and air media of concern.

EXPOSURE POINT CONCENTRATIONS AND CHEMICAL GROUPS

All chemicals detected above laboratory detection limits in soil and groundwater
samples were initially selected as COPCs. Maximum detected metal concentrations
were compared to the range of background levels for soils in the local regional area
(Oakland Urban Land Development). Metals with maximum detected concentrations
below background levels (i.e., antimony, beryllium, cobalt, copper, molybdenum,
nickel, selenium, silver, thallium, and vanadium) were excluded as soil COPCs.

Metals with maximum concentrations in discrete soil samples (i.e., arsenic, barium,
cadmium, chromium, lead, mercury, and zinc) above background levels were selected
as COPCs.

The final soil COPCs selected for the human health screening evaluation also included
OCPs, PARs, SVOCs, and VOCs in soil. No background metal concentration in
groundwater was available for the Site. Metals detected in groundwater (i.e., antimony,
arsenic, barium, cobalt, copper, lead, molybdenum, nickel, and zinc) were selected as
groundwater COPCs. SVOCs and VOCs were also selected as COPCs in groundwater.
The selection of COPCs in soil and groundwater is summarized in Tables 20 and 21,
respectively,

As authorized by DTSC, 95% UCLs of the mean were considered to represent
exposure point concentrations in soil and groundwater based on the robust data set
(personal communication, Ms. Janet Naito of DTSC, August 16, 2001). In addition,
DTSC's representatives agreed with LFR that the concentration of chromium at 160
milligrams per kilogram (mg/kg) in the soil sample collected at the 3-foot depth from
boring BASB013, and the concentration of arsenic at 33 mg/kg in the soil sample
collected at the 2-foot depth at boring BASB023, could be considered outliers of the
data set and could be excluded from the risk assessment. COPC distributions in both
soil and groundwater were evaluated using either the Shapiro-Wilk W-test for samples
size less the 50 or the D'Agostino Y-Test for sample size greater than 50. The
distribution and 95 % UCL concentrations are presented in Tables 25 and 26. The 95 %
UCL concentrations for COPCs are used in the groundwater vapor transport modeling.
The DTSC-modified Johnson and Ettinger vapor transport model provided via e-mail
by Ms. Naito was used in this evaluation to estimate indoor air VOC concentrations.
For non-volatile COPCs in soils, the air exposure point concentrations are calculated
using the equations presented in Figure 2.8 in the PEA Guidance Manual.
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ATTACHMENT 1

Modeling Results



I DATA ENTRY SHEET FOR TRICHLOROFLUOROMETHANE

I ALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enler"X" in ''YES'' box) VERSION 1.5

I26-Jan-01

I YES I I DTSCI HERD

OR
ALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

I
~nter "X" in ''YES'' box and initial groundwater conc. below)

YES I X I

I ENTER ENTER
Initial

Chemical 9roundwater
CAS No. cone.,

I (numbers only, Cw
no dashes) (~9IL) Chemical

I r 75694 T 0.35 I Trichlorofluoromethane I

ENTER ENTER ENTER ENTER

I
Depth

below grade Average
to bottom Depth soil!

of enclosed below grade SCS groundwater

I
space floor, to water table, soil type temperature,

LF LWT directly above Ts

(15 or 200 em) (em) water table ('C)

I I 15 I 640 I SIC I 15 I

I
I

ENTER ENTER !

Vadose zone User-defined ENTER ENTER ENTER
,

SCS vadose zone Vadose zone Vadose zone Vadose zone I

soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability, bulk density, porosity, porosity,

,

I ,

soil vapor k, v nV 8 vPb w

penmeabilitv) (em') (g/em') (unitless) (cm3/cm3
)

I SIC I 1.5 I 0.36 I 0.24 I

I
ENTER ENTER ENTER ENTER ENTER ENTER

I Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

I
TR THO ATe ATNC ED EF

(uniUess) (uniUessJ (yrs) (yrs) (vrs) (days/yr)

tOE-06 I 1 70 I 30 I 30 I 350 I

I Used to calculate risk-based
groundwater concentration.

I Page 1 of 71



CHEMICAL PROPERTIES SHEET FOR TRICHLOROFLUOROMETHANE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone"

DB Dw H TR ",H,.• TB Tc Koc S URF RfC

(cm2/s) (cm2/s) (atm-m'/mol) (oC) (cal/mol) ('K) ('K) (cm'/g) (mg/L) (fl9/m'r' (mg/m')

8.70E-02 1.30E-05 398E+00 25 6,424 I 29970 I 471.20 1.60E+02 1.10E+03 O.OE+OO 7.0E-01

-------------------



- - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR TRICHLOROFLUOROMETHANE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosl In wa
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability , permeability, zone, zone, zone, zone, perimeter,

LT O,V S" kj k" k, La n" 8a.cz 8,.." X~'"
(em) (cm3/cm3

) (cm3/cm3
) (cm2

) (em') (em') (em) (cm3/cm3
) (cm3/Cm3) (cm3/cmJ

) (em)

625.00 0.120 0.586 7A8E-l1 0.643 4.81E-l1 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy at Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

QOUildil1g As " Zcrack. i\Hv,TS HTS H'TS ~TS Dett
v

Oeff
cz

oeff
T

(em'/s) (em') (unitless) (em) (eal/mol) (atm-m3/mol) (unitless) (g/em-s) (em'/s) (em'/s) (em'Is)

5.63E+04 9.24E+05 4.16E-04 15 6,574 2.71E+00 1.14E+02 1.77E-04 5.76E-04 4.39E-04 5.26E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Oiffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc"

Ld Lp Csource rcrack Q SOil
Ocrack.

A.:rack eXPIPe') a Cbuildil19 URF RIC

(em) lem) (~g/m') (em) (cm3/S) (cm2/s) (em') (unitless) (unitless) (~g/m') (~g/m'r' (mg/m')

625.00 15 4.01 E+04 0.10 4.60E-02 5.76E-04 3.84E+02 2.26E+01 8.05E-07 3.22E-02 NA 7.0E-Ol

Page 3 of 71



YES

DATA ENTRY SHEET FOR para-ISOPROPYL TOLUENE

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter ..x.. in ''YES'' box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CON-':ENTRATION
(enter "X" in ''YES'' box and initial groundwater cone. below)

I
IVERSION 1.5

26-Jan-01

DTSCI HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

15

ENTER

Average
soill

groundwater
temperature,

Ts
('C)

Chemical

x

Page 4 of 71

para-Isopropyl Toluene

SIC

SCS
soil type

directly above

water table

ENTER

640

ENTER

YES

ENTER
Initial

groundwater
cone.,

Cw
(~g/L)

0.73

Depth
below grade

to water table,
Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350

Used to calculate risk-based
araundwater concentration.

15

99876

ENTER

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability , bulk density, porosity, porosity,

soil vapor k, v nV 8 vPb w

permeability) (em') (g/cm') (unitless) (cm'/cm')

SIC I r 1.5 I 036 I 0.24 I



-------------------CHEMICAL PROPERTIES SHEET FOR para-ISOPROPYL TOLUENE

rganlc ure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Dlffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D. Ow H TR lIH'.b TB Tc Ko, S URF RfC
(cm'ls) (cm'ls) (atm-m3Imol) (oC) (cal/mol) (OK) ("K) (cm3Ig) (mglL) (~glm3r' (mg/m3

)

7.50E-02 7.10E-06 4.92E+01 25 11,039 I 44970 I 651.00 2.20E+02 6.10E+01 O.OE+OO 3.9E-01



INTERMEDIATE CALCULATIONS SHEET FOR para-ISOPROPYL TOLUENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-

Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall

building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT O,V S" k, k~ k, L~ n~ 8a,a Bw,cz Xcrack

(em) (cm3/cm3
) (cm3/cm3

) (cm2
) (em') (em') (em) (cm 3/cm3) (em3/em 3

) (cm3/cm 3
) (em)

625.00 0.120 0.586 7A8E-11 0.643 4.81E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total

enclosed Crack- Crack Enthalpy 01 Henry's law Henry's law Vapor Vadose zone zone overall
Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective

ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion
rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

QbuildiflQ As ~ Zcrack nHv,TS Hrs H'TS ~rs
oetrv Deff

cz Deff
T

(em'ls) (em') (unitless) (em) (cal/mol) (atm-m3/mol) (unitless) (glem-s) (cm2/s) (em'/s) (cm2/s)

5.63E+04 9.24E+05 4.16E-04 15 13,933 2.18E+01 9.20E+02 1.77E-04 4.97E-04 3.79E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peelet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Ld Lp Csource '=ok Osoil
OCnlck Acrack exp(Pef

) a CbuildiflQ URF RIC

(em) (em) (~g/m') (em) (em'/s) (cm2/s) (em') (unitless) (unitless) (~g/m'l (~g/m'r' (mg/m')

625.00 15 6.72E+05 0.10 4.60E-02 4.97E-04 3.84E+02 3.73E+01 7.84E-07 5.27E-01 NA 3.9E-01

Page 6 of 71
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I DATA ENTRY SHEET FOR PROPYLBENZENE

I ALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

I
VERSION 15

I26-Jan-01

I
YES I I DTSC I HERD

OR
ALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

I
enter "X" in ''YES'' box and initial groundwater conc. below)

YES I X I

I ENTER ENTER
Initial

Chemical groundwater
CAS No. cone"

I (numbers only, Cw
no dashes) (~g/L) Chemical

I
103651 I 2.6 Propylbenzene I

ENTER ENTER ENTER ENTER

I
Depth

below grade Average
to bottom Depth soil!

of enclosed below grade SCS groundwater

I
space floor, to water table, soil type temperature,

L, Lwr directly above Ts

(15 or 200 em) (em) water table (0C)

I 15 I 640 I SIC I 15 I

I
I

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

I
(used to estimate OR permeability , bulk density, porosity, porosity,

soil vapor k, v nV o vPb w

permeability) (em') (g/em3
) (unilless) (cm3/cm3

)

I SIC I I 1.5 I 0.36 I 0.24 I

I
ENTER ENTER ENTER ENTER ENTER ENTER

I Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

I
TR THQ ATe ATNe ED EF

(unitless) (unilless) (yrs) (yrs) (yrs) (days/vr)

1.0E-06 I 1 70 I 30 I 30 I 350 I

I Used to calculate risk-based
groundwater concentration.

I Page 7 0171

~ -



CHEMICAL PROPERTIES SHEET FOR PROPYLBENZENE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D, Dw H TR t.H'.b T. Tc Koc S URF RfC

(cm'/s) (cm'/s) (atm-m3/mOI) (C) (cal/mol) (oK) (K) (cm3/g) (mg/L) (~g/m3r' (mg/m3)

7.50E-02 7.80E-06 5.37E-01 25 10,424 I 432.30 I 638.20 283E+03 1.38E+01 O.OE+OO 3.5E-02

-------------------



- - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR PROPYLBENZENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water4 fi11ed Floor-
ecf I ness a porosity In porosity in porosity in wall

building air-filled lotal fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
separation. porosIty, saturation, permeability, permeablhty, permeability, zone, zone, zone, zone, perimeter,

Lr 0: S,o k, k" k, La na Oll,a °w,a XCfllck

(em) (CmJ/Cm3) (cmJJcm3
) (cm2

) (em') (cm2
) (em) (CmJ/Cm3) (cm'fCm3) (cm3/cm3

) (em)

625.00 0.120 0586 7.48E-11 0.643 4.81E-11 19231 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bld9 space to-total depth vaporization at constant at constant at viscosity at effectIve effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

OOUlIdIl'lO A. '1 Za.,.; 6HvTs H,s H'TS ~ITS
oettv DO' O!tt

Ta

(cm3/s) (em') (unitless) (em) (caUmol) (atm-m3Jmol) (unitless) (g/em-s) (em'/s) (em'/5) (em'/s)

563E+04 9.24E+05 4.16E-04 15 12.789 2.54E-01 1,07E+01 1.77E-04 4.97E-04 3,79E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bld9· nsk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

L, Lp C~...ree rcrack Ow.
Ocr-ad<.

Acrack. eXPIPe') " CbUlldlnO URF RfC

(em) lem) (pg/m3
) lem) (cm3/S) (cm2/S) (em') (unitless) (unitless) (~g/m3) ("g/m

3r' Imglm')

625.00 15 2.79E+04 010 4,60E-02 4.97E-04 384E+02 373E+01 7.84E-07 2 19E-02 NA 35E-02

Page 9 of71



YES

DATA ENTRY SHEET FOR see-BUTYLBENZENE

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in ''YES'' box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in ''YES'' box and initial groundwater conc. below)

I
IVERSION 1.5

26-Jan-01

DTSCI HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Average
soill

groundwater
temperature,

Ts
('C)

ENTER

15

sec~Butylbenzene

Page 10 of 71

Chemical

x

ENTER

SIC

SCS
soil type

directly above

water tab..

640

ENTER

ENTER
Initial

groundwater
conc.,

Cw
(~g/L)

YES

1.0

Depth
below grade

to water table,
Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNe ED EF

(unilless) (unilless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

15

ENTER

135988

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

ENTER ENTER

Vadose zone User~defined ENTER ENTER ENTER
SCS vadose zone Vadose zone Vadose zone Vadose zone

soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability , bulk density, porosity, porosity,

soil vapor k.
v nV e vp, w

penmeabilitv) (em') (g/em') (unitless) (em'/em')

SIC I I 1.5 I 0.36 I 0.24 I



-------------------CHEMICAL PROPERTIES SHEET FOR sec-BUTYLBENZENE

rgamc Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Referencein air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,Da Dw H TR L\Hv,b Ts Tc ~c S URF RfC
(cm2/s) (cm2/s) (atm~m3/mol) (0C) (cal/mol) (OK) (oK) (cm3/g) (mg/L) (/lg/m

3r1 (mg/m3
)

7.50E-02 7.80E-06 7.67E-01 25 11,069 664.00 2,15E+03 1.70E+01 3,5E-02



INTERMEDIATE CALCULATIONS SHEET FOR see-BUTYLBENZENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air·filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

Lr e v S,. k, k", k, L~ n~ Oa,cz °w.cz Xcrack•
(em) (cm3/cm3

) (cm3/cm3
) (em') (em') (em') (em) (emS/em3

) (em3/em3
) (emJ/ems) (em)

625.00 0.120 0.586 7.48E-11 0.643 4.81E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient.

Obuilding As ~ Zcrack o.Hv,TS Hrs H'TS ~rs D
flff

v Daff
ez D

B
\

(em'/s) (em') (unitless) (em) (cal/mol) (atm-m3Jmol) (unitless) (g/em-s) (em'Is) (cm 2Js) (em'/s)

5.63E+04 9.24E+05 4.16E-04 15 13,623 3.45E-Ol 1.46E+01 , .77E-04 4.97E-04 3.79E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

len9th , length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Ld Lp Csource rcrack Osoijl Dcrsck
Acrack exp(Pe') a. Cbuilding URF RIC

(em) (em) ("g/m') (em) (cmJ/s) (em',s) (em') (unitless) (unitless) (~g'm') (1J~:,n3r1 (mg/m1

625.00 15 1.46E+04 0.10 4.60E-02 4.97E-04 3.84E+02 3.73E+01 7.84E-07 1.14E-02 NA 35E-02

Page 12 0171
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,

I DATA ENTRY SHEET FOR n-BUTYLBENZENE

I CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) I VERSION 1.5 I26-Jan-Ol

I
YES I I DTSC I HERD

OR
~ALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

I
enter "X" in ''YES'' box and iniflal groundwater cone. below)

YES I X I

I ENTER ENTER
Initial

Chemical groundwater

I
CAS No. cone.,

(numbers only, Cw
no dashes) (~glL) Chemical

I I 104518 I 1.8 I n-Butylbenzene I

ENTER ENTER ENTER ENTER

I
Depth

below grade Average
to bottom Depth soil!

of enclosed below grade SCS groundwater

I
space floor, to water table, soil type temperature,

LF Lwr directly above Ts

(15 or 200 em) (em) water table eC)

I I 15 I 640 I SIC I 15 I

I
I

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

I
(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k, v nV
8.

vp,

permeability ) (em') (g/em') (unitless) (em'/em')

I SIC I I 1.5 I 0.36 I 0.24 I

I
ENTER ENTER ENTER ENTER ENTER ENTER

I Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

I
TR THQ ATe ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 1 70 I 30 I 30 I 350 I

I Used to calculate risk-based
groundwater concentration.

I Page 130f71

-



CHEMICAL PROPERTIES SHEET FOR n-BUTYLBENZENE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D, Dw H TR 8H'.b TB Tc Koc S URF RfC

(cm2/s) (cm2/s) (atm-m3/mol) eC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (~g/m3r' (mg/m3)

7.50E-02 7.80E-06 5.37E-01 25 11,052 I 45600 I 660.50 2.83E+03 1.38E+01 O.OE+OO 3.5E-02

-------------------



- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR n-BUTYLBENZENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- I In poroSIty In porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capIllary capillary seam

separation, porosity, saluration, permeability. permeability, permeability, zone, zone, zone, zone, perimeter,

Lr 0,' S" k, k,g k~ L~ n~ o.~ °w,cz X"""
(em) (cm3/cmJ

) (cm3/cm3
) (cm2

) (em') (em') (em) (cm3/cmJ
) (cmJ/cm3

) (cm3/cm J
) (em)

625.00 0.120 0586 748E-l1 0643 4.81E-l1 192.31 0.36 0.111 0249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's taw Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilatlon below area below ave. groundwater ave groundwater ave groundwater ave soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbu,ldmO As " lesack !\H~.TS Hrs H'TS /-lTS oe"v D" DelfT
~

(cmJ/S) (cm2
) (unltless) (em) (cal/mol) (atm-mJ/mol) (unilless) (g/em-s) (em'/s) (em'/5) (em'/5)

5.63E+04 924E+05 4.16E-04 15 14,003 2.37E-Ol 1.00E+Ol 1.77E-04 4,97E-04 3.79E-04 4,53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate dIffusion Area of Peclet attenuation bldg, risk Reference

length, length, cone, radius, into bldg., coeffiCIent, crack, number, coeffiCient, conc., factor, conc.,

L" Lp Csource fCl8ek Q~I D
U
"'" Aeracs. exp(Pef

) a CbUlld,ng URF RIC

(em) (em) (~g/m3) (em) (cmJ/s) (cm2/s) (cm 2
) (unitless) (unitless) (~g/m3) (pgJm3r1 (mg/m3)

625.00 15 1.80E+04 010 460E-02 4.97E-04 3.84E+02 3.73E+Ol 7.84E-07 1.41E-02 NA 35E-02

Page 15 of 71



YES

DATA ENTRY SHEET FOR ISOPROPYLBENZENE

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter 'X" in ''YES'' box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in ''YES'' box and initial groundwater cone. below)

I
IVERSION 1.5

26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Average
soill

groundwater
temperature,

Ts
(oC)

ENTER

15

Isopropylbenzene

x

Chemical

Page 16 of 71

ENTER

SIC

SCS
soil type

directly above

water table

YES

ENTER
Initial

9roundwater
cone.,

Cw
(~g/L)

640

1.4

ENTER

Depth
below grade

to water table,

Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATe ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 1 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

15

98828

ENTER

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

L,
(15 or 200 em)

Chemical

CAS No.

(numbers only,

no dashes)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water~fined

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k, Pb
V nV e v

w

penmeability) (em') (g/em') (unitless) (cm3/cm3
)

SIC I I 15 I 0.36 I 0.24 I



-------------------CHEMICAL PROPERTIES SHEET FOR ISOPROPYLBENZENE

rgamc ure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Criticai partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D, Dw H TR !<H"b TB Tc Kac S URF RfC
(cm2/s) (cm2/s) (atm-m'/mol) (OC) (cal/mol) (oK) ("K) (cm'/g) (mg/L) (~g/m'r' (mg/m')

750E-02 7,10E-06 4,92E+01 25 10,335 I 42580 I 631,10 2,20E+02 6,10E+01 OOE+OO 3.9E-01



INTERMEDIATE CALCULATIDNS SHEET FDR ISDPRDPYLBENZENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT O,V S" ki k" k, L~ n~ Sa,cz 9w ,cz X=ok

(em) (cm3/cm3
) (em3/em3) (em') (cm2

) (cm2
) (em) (em3/em3

) (em3/em3
) (emJ/em3) (em)

625.00 0.120 0.586 7A8E-11 0.643 4.81E-11 192.31 036 0.111 0.249 3,644

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuildirtg As '1 ZCfack ~HY.TS HT5 H'TS ~TS Deff
v D'ff D

e
\~

(em'15) (em') (unitless) (em) (eal/mol) (atm-m3/mol) (unitless) (g/em-s) (cm2/s) (em'Is) (em'/S)

563E+04 9.24E+05 416E-04 15 12,582 235E+01 9.96E+02 1.77E-04 4.97E-04 3.79E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peelet attenuation bldg. risk Reference

len9th, len9th, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Ld Lp Csource rcrack QSOil
D"'ok Acrack exp(Pe') a Cbuildirtg URF RfC

(em) (em) (~g/m') (em) (em'ls) (em'ls) (em') (unilless) (unilless) (~glm') (I<g/m'r' (mglm')

625.00 15 1.39E+06 0.10 4.60E-02 4.97E-04 3.84E+02 3.73E+01 7.84E-07 1.09E+00 NA 3.9E-01

Page 18 of 71
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I DATA ENTRY SHEET FOR 1,2,4-TRIMETHYLBENZENE

I ALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.5
26-Jan-01

I
YES I I DTSCI HERD

OR
ALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

I
( nter "X" in ''YES'' box and initial groundwater conc. below)

YES I X I

I ENTER ENTER
Initial

Chemical groundwater

I
CAS No. conc.,

(numbers only, Cw
no dashes) (~g/L) Chemical

I I 95636 I 4.8 I 1,2,4-Trimethylbenzene I

ENTlER ENTER ENTER ENTER

I
Depth

below grade Average
to bottom Depth soill

of enclosed below grade SCS groundwater

I
space floor, to water table, soil type temperature,

L, Lwr directly above Ts

(15 or 200 em) (em) water table (0C)

I I 15 I 640 I SIC I 15 I

I
I

ENTER ENTER
Vadose zone User-defined ENTER ENTlER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

I
used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k~ Pb
V nV e v

w

permeability) (em') (g/em') (unitless) (em'/em')

I SIC I 1.5 I 0.36 I 0.24 I

I
ENTER ENTER ENTER ENTER ENTER ENTER

I Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

I
TR THO ATe ATNe ED EF

(unitless) (un',tless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 1 70 I 30 I 30 I 350 I

I Used to calculate risk-based
groundwater concentration.

I Page 190171

-



CHEMICAL PROPERTIES SHEET FOR 1,2,4-TRIMETHYLBENZENE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone"

D. Dw H TR "'Hy,b Ts Te Koc S URF RfC

(cm2/s) (cm2/s) (atm-m3/mol) (C) (cal/mol) (K) (K) (cm3/g) (mg/L) (~g/m3r' (mg/m3
)

7.50E-02 7,10E-06 2,34E-01 25 10,782 1449,10 I 664,50 372E+03 5.70E+01 O.OE+OO 6.0E-03

-------------------



- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR 1,2,4-TRIMETHYLBEN2ENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Totar Air·filled Water·filled Floor·

soOlee· zone soil effectIve soil soil son I hlckness 0 porOSI ,n poraSI y In porOSI y In wa

building air-filled total fluid intrinSIC relative air effective vapor capillary capillary capillary capillary seam
separatIOn, porosity, saturation, permeability, permeability, permeability. zone, zone, zone, zone, perimeter,

L, 0: S" k, k,. k. La na O.a Owa X"""
(em) (cmJ/cmJ ) (cmJ/cmJ

) (cm2
) (cm2

) (em') (em) (cmJ/cmJ
) (cm3/cm3

) (cmJ/cmJ ) (em)

62500 0120 0586 7ABE-11 0.643 481E-11 192.31 036 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone o....erall

Bldg space to-total depth vaporization at constant at constant at viSCOSity at effective effecllve effective
ventllallon below area below ave. groundwater ave groundwater ave groundwater ave soil diffusion diffUSion diffUSion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coeffiCient, coefficient, coefficient,

Q bulldllllil Aa '1 Za.a. \H"Ts Hrs H'TS JiTS Delf
v D" D

e
\a

(em'/S) (em') (unitless) (em) (eaVmol) (atm.m3/mol) (unilless) (g/em-s) (cm2/s) (cm2/s) (cm2/s)

5.63E+04 g 24E+05 4.16E-04 15 13.359 1 07E-Ol 4.52E+00 1 77E-04 4.97E-04 379E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peelet attenuation bldg. risk Reference

length, length, conc., radiUS, into bldg., coefficient, crack, number, coefficient, conc., factor, cone,

Ld Lp Csource rcrilck OWII
Ocrack

Acrack exp(Pe') " CbUlldmg URF RIC

(em) (em) (~Lg/m3) (em) (cm 3/s) (cm 2/s) (em') (unitless) (unitless) (pg/m') (~Lg/m3rl (mgfm3
)

625.00 15 217E+04 0.10 4.60E-02 4.97E-04 3.B4E+02 3.73E+Ol 7.B4E-07 1.70E-02 NA 6.0E-03
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DATA ENTRY SHEET FOR 1,3,5-TRIMETHYLBENZENE I
ICALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in ''YES'' box) VERSION 1.5

26-Jan-01
YES I I DTSC {HERD

IOR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in ''YES'' box and initial groundwater cone. below)

IYES I X I
ENTER ENTER IInitial

, Chemical groundwater
CAS No. conc.,

I, (numbers only, ew
no dashes) (~g{L) Chemical

I 108678 I 2.0 I 1,3,5-Trimethylbenzene I I
I

ENTER ENTER ENTER ENTER
Depth

I, below grade Average
I to bottom Depth soilJ

of enclosed below grade SCS groundwater
space floor, to water table, soil type temperature,

ILF Lwr directly above Ts

(15 or200 em) (em) water table (0C)

I 15 I 640 I SIC I 15 I I
I

ENTER ENTER

IVadose zone User-defined ENTER ENTER ENTER
SCS vadose zone Vadose zone Vadose zone Vadose zone

soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability, bulk density, porosity, porosity, Isoil vapor k, v nV a.vp,

permeability) (em') (glem') (unitless) (cm 3/cm 3
)

ISIC I I 1.5 I 0.36 I 0.24 I

I
ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging Irisk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNe ED EF

I(unitless) (unitless) (yrs) (yrs) (yrs) (dayslyr)

1.0E-D6
,.

1 70 I 30 I 30 I 350 I

Used to calculate risk-based Iaroundwater concentration.

Page 22 of 71 I



-------------------CHEMICAL PROPERTIES SHEET FOR 1,3,5-TRIMETHYLBENZENE

Flenry s Ent rganlc ure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

D. Dw H TR 6Hv,b TB Tc I<oc S URF RfC

(cm'ts) (cm'ts) (atm-m'tmol) (oC) (caltmol) (oK) (oK) (cm'tg) (mgtL) (f1gtm'r' (mgtm')

750E-02 710E-06 3.16E-01 25 10,517 I 437.70 I 637.30 819E+02 4.80E+01 O.OE+OO 6.0E-03



INTERMEDIATE CALCULATIONS SHEET FOR 1,3,5-TRIMETHYLBENZENE

Vadose Vadose zan Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

Lr 9 v
5" k, k" k, L~ n~ ea.c:z 9w,Cl- X crack,

(em) (cm3/cm3
) (cm3/cm3

) (cm2
) (em') (em') (em) (cm3/cmJ

) (cmJ/cm3
) (cm3/cm3

) (em)

625.00 0.120 0.586 7.48E-11 0.643 4.81E-ll 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuilding As ~ Zcrack ~Hv.TS Hrs H'TS "TS
Oeffv Oeff

cz OelfT

(em'/s) (em') (unitless) (em) (eal/mol) (atm-m3jrnol) (unitless) (g/em-s) (em'/s) (em'/s) (cm2/s)

5.63E+04 9.24E+05 4.16E-04 15 13,096 1.47E-Ol 6.21 E+OO 1.77E-04 4.97E-04 3.79E-04 4.53E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peelet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Ld Lp Csource rcrack Q soil
D~"" Aa,,, exp(Pef

) a Cbuilding URF RIC

(em) (em) ("g/m'l (em) (em'/s) (cm 2js) (em') (unitless) (unitless) ("g/m') ("g/m'l-f (mg/m')

625.00 15 1.24E+04 0.10 4.60E-02 4.97E-04 3.84E+02 3.73E+Ol 7.84E-07 9.73E-03 NA 6.0E-03
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

DATA ENTRY SHEET FDR VINYL CHLORIDE

C~LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) I VERSION 1.5

I26-Jan-01
YES I I DTSC I HERD

OR
C"LCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
( nter "X" in "YES" box and initial groundwater cone. below)

YES I X I
ENTER ENTER

Initial
Chemical groundwater
CAS No. cone.,

(numbers only, Cw
no dashes) (~gIL) Chemical

75014 I 0.43 I Vinyl chloride (chloroethene) I

ENTER ENTER ENTER ENTER
Depth

below grade Average
to bottom Depth soiV

of enclosed below grade SCS groundwater
space floor, to water table, soil type temperature,

L, Lwr directly above Ts
1(15 or 200 em) (em) water table ('C)

I 15 I 640 I SiC I 15 I

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(~sed to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV 8 vPo w

penmeabilitv\ (em') (glem') (unitless) (cm:?>/cm3
)

SIC I I 1.5 1 0.36 1 0.24 1

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THO ATe ATNC ED EF

(unitless) (unitless) lvrs) (yrs) (yrs) (dayslyr)

1.0E-06 I 1 70 I 30 I 30 I 350 I

Used to calculate risk~based

Qroundwater concentration.
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CHEMICAL PROPERTIES SHEET FOR VINYL CHLORIDE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Cr~ical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

Da Dw H TR ~Hv,b TB Te Koo S URF RfC

(cm2/s) (cm2/s) (atm-m3/mol) ("C) (cal/mol) ("K) (oK) (cm3/g) (mg/L) (J.Lg/m3r' (mg/m3
)

1.06E-01 1.23E-06 2.71 E-02 25 5,250 I 259.25 I 432.00 1,86E+01 2.76E+03 I 7.8E-05 I O,OE+OO
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- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR VINYL CHLORIDE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air·filled Water·filled Floor·
Source- zone 501 orosi in orosi in rosity in wall
building air-filled total fluid intnnsic relative air effective vaoor capillary capillary capillary capillary seam

separation, porosity. saturahon, permeability, permeability. permeability. zone, zone, zone, zone, perimeter,

L, o v
S" ~ k,g k" La ncr 0, cr Owcr x..".,

(em) (cm3/cmJ
) (cm3/cmJ

) (cm2
) (cm2

) (em') (em) (cmJ/cmJ) (cmJ/cmJ
) (cmJ/cmJ) (em)

625 0.120 0586 748E-l1 0643 4.81E-l1 '92.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg space lo-Iotal depth vaporization at constant at constant at viscosity at effective effectlve effective

ventilation below area below ave. groundwater ave grounct..vater a....e. groundwater ave. soil diffusIon diffusion diffusion
rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coeffiCIent, coefficient, coefficient,

Q- A. '1 ZCflldc .:..\HvTS H" H'TS I 1TS Deff
v D

eff
cz Deff

T

(cm3/s) (cm'2) (unitless) (cm) (caVmol) (atm.m3/mol) (unrtless) (g/cm·s) (em'/s) (cm'2/s) (cm'2/s)

5.63E+04 9.24E+05 4.16E-04 15 4,944 2.03E-02 8.58E-Ol 1.77E-04 7.02E-04 5.36E-04 6,41 E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone., radius, into bldg, coefficient, crack, number, coefficient, cone., factor, cone.,

L, L" CsOU'ce rtftck Q ...
OtftCk

A_ exp(Pe') " Ct\ukil'lg URF RfC

(em) (em) (~lg/m3) (em) (cmJ/s) (cm'2/s) (em') (umtress) (unltless) (~g/m') (Ilg/m3r1 (mgfm')

625 '5 369E+02 010 4.60E-02 702E-04 3.84E+02 , 29E+O' 841 E-07 3.10E-04 7.8E-05 NA

27 of 71



YES

DATA ENTRY SHEET FOR TOLUENE I
VERSION 1.5

I26-Jan-01
DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ENTER

Average
soil!

groundwater
temperature,

Ts
(oC)

15

28 of 71

Toluene

Chemical

x

ENTER

SCS
soil type

directly above

water table

SIC

ENTER
Initial

groundwater
conc.,

Cw
(~gIL)

640

YES

ENTER

0.46

Depth
below grade

to water table,

Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THQ ATe ATNe ED EF
(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
Qroundwater concentration.

15

ENTER

108883

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR peffileability, bulk density, porosity, porosity,

soil vapor k., v nV e vPo w

carmeabilitv) (em') (glem3
) (unitlessl (cm3/cm3

)

SIC I I 1.5 I 0.36 I 0.24 I



- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR TOLUENE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusiv'
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,
0, Ow H TR f,H,.b TB Tc Koc S URF RfC

(cm'/s) (cm'/s) (atm-m3/mol) (DC) (cal/mol) (oK) (K) (cm%) (mg/L) (~g/m'r' (mg/m')

8.70E-02 8.60E-06 6.63E-03 25 7,930 I 383.78 I 591.79 1.82E+02 5.26E+02 I O.OE+OO I 3.0E-01
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INTERMEDIATE CALCULATiONS SHEET FOR TOLUENE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total AirMfilled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT o v
S" ~ ~, k, L~ n~ 811 ,cz °w,cz XCfllCk,

(em) (cmJ/cmJ
) (cmJfcmJ

) (em') (em') (em') (em) (cm3/cm3
) (cmJ/cm3

) (cm3/cmJ
) (em)

625 0.120 0.586 7.48E-l1 0.643 4.81E-ll 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuldi~9 A, ~ Zcrack AH,".TS H" H'TS ~lTS D"'v D'ff Deff
T~

(cm3/s) (em') (unitless) (em) (cal/mol) (atm.m3/mol) (unitless) (gfcm-s) (em'/s) (cm2/s) (cm2/s)

5.63E+04 9.24E+05 4.16E-04 15 9,100 3.89E-03 1.65E-01 1.77E-04 5.80E-04 4.43E-04 5.30E-04

Exponent of Infinite

Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, cone., factor, conc.,

Ld Lp Csource fcrack Q soil DCrllck
Acrack exp(Pe') u Cbuilding URF RfC

(em) (em) (~g/m3) (em) (em'/s) (em'/s) (em') (unitless) (unitless) (~g/m') (~g/m'r' (mg/m')

625 15 7.57E+Ol 0.10 4.60E-02 5.80E-04 3.84E+02 2.22E+Ol 8.06E-Q7 6.10E-05 NA 3.0E-Q1

- - - - - - - - -
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I DATA ENTRY SHEET FOR STYRENE

I CI\LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

I
VERSION 1.5 I26-Jan-01

YES I I DTSC I HERD

I OR
C!'ILCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
( nter "X' in ''YES'' box an.d initial groundwater conc. below)

I YES I X I
ENTER ENTER

I
Initial

Chemical groundwater
CAS No. cone.,

(numbers only, Cw

I no dashes)" (~g/L) Chemical

I 100425 I 0.38 I Styrene I

I ENTER ENTER ENTER ENTER
Depth

below grade Average

I
to bottom Depth soill

of enclosed below grade SCS groundwater
space floor, to water table, soil type temperature,

LF Lwr directly above Ts

I 11150r200em) (em) water table (OC)

I 15 I 640 I SIC I 15 I

I
I ENTER ENTER

Vadose zone User-defined ENTER ENTER ENTER
SCS vadose zone Vadose zone Vadose zone Vadose zone

I soil type soil vapor soil dry soil total soil water-filled
( sed to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV e vPo w

I
permeability) (em') (g/em') (unitless) (cm3/cm3

)

SIC I I 1.5 I 0.36 I 0.24 I

I
I ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

I
carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATe ATNC ED EF
(unitless) (unitless) Iv,;) Ivrs1 (vrs) idavslvrl

I
1.0E-06 I 1 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

I
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CHEMICAL PROPERTIES SHEET FOR STYRENE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

Da Dw H TR ilHv,b TB Tc Koc S URF RfC

(cm'/s) (cm'/s) (atm-m3/mol) (0G) (cal/mol) (OK) (OK) (cm3/g) (mg/L) (llg/m3r' (mg/m3)

7.10E-02 8,00E-06 2.76E-03 25 8,737 I 418.31 I 636,00 7.76E+02 3.10E+02 O.OE+OO 9,OE-Ol

32 of 71

-------------------



- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR STYRENE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air·filled Water·filled Floor-

Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
f+Hed----tatiH-fk:tid--tntri••sie ,elattve-8 effecttve-vapor captll capl ary capl ary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, penmeter,

LT
O,V S" ~ ~, k. Lu nu O.,u Owu x".,.

(em) (cm3/cm3
) (cm3/cm J

) (em') (cm2
) (em') (em) (cmJ/cmJ

) (Cm
J
/Cm3) (cmJ/cm J

) (em)

625 0120 0586 7.48E-l1 0.643 4.81E-ll 19231 0.36 0.111 0249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave groundwater ave groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rale, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

QOUklng A. T' la"" j,HyTS HTs H'TS ~TS
OeHv D"'u Oe\

(cm3/s) (cm2
) (umtless) (em) (caUmol) (atm-m3/mol) (unltless) (glem-s) (cm 2/s) (cm2/s) (cm2/s)

5.63E+04 924E+05 4.16E-04 15 10,395 1.50E-03 635E-02 1.77E-04 4.79E-04 36BE-04 4.3BE-04

Exponent of Infinite
Average Crack equivalent source Infinite

DiffUSion Convection Source vapor effecllve foundation Indoor source Unit
path path vapor Crack flow rate diffUSion Area of Peelet attenuation bldg risk Reference

length, length, conc_, radius, Into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

L, Lp C Wl6ce rcfad 0,.. Ocr.de
Acr.df. exp(Pef

) u Cbutldo~ URF RIC

(em) (em) (~g/m') (em) (cm3/s) (cm2/s) (cm2
) (unitless) (unitlessl (Jlg/m3) (~lg/m3rl (mg/m')

625 15 2.41 E+Ol 0.10 4.60E-02 4.79E-04 3.84E+02 4.28E+01 780E-07 1.8BE-05 NA 9.0E-Ol
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YES

DATA ENTRY SHEET FOR MTBE

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater cone. below)

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Average
soilJ

groundwater
temperature,

Ts
(OC)

ENTER

15

34 of 71

x

Methyl tert-butyl ether

Chemical

ENTER

SCS
soil type

directly above

water table

SIC

0.52

ENTER
Initial

groundwater
cone.,

Cw
(~gIL)

640

ENTER

YES

Depth
below grade

to water table,
LWT

(em)

ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATe ATNC ED EF

(unitless) (unitlessj (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk·based
Qroundwater concentration.

1634044

ENTER

15

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

L,
(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV e.vp,

permeability) (em2
) (glem') (unitless) (cm3/cm3

)

SIC I I 1.5 I 0.36 I 0.24 I



- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR MTSE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Dilfusivily Dill"si"it", at-J:e.fer.eAC9 reference the ~ormal boili~g Cr"tical padition water risk Ref
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

D. Dw H TR "H'b T8 Tc Koc S URF RfC

(em'Is) (cm'ls) (atm-m3Imol) (oC) (callmol) (oK) (oK) (cm3Ig) (mgIL) (pglm'r' (mglm3
)

8,10E-02 9.41 E-05 5,87E-04 25 6,678 I 328,00 I 497,00 1.17E+01 4,80E+04 2,6E-07 8,OE+00

35 of 71



INTERMEDIATE CALCULATIONS SHEET FOR MTBE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filted Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT e,v St. ~ k" k, La na El•.C2 °w,cz Xef1lck

(em) (cm3/cm3
) (cm3/cm3

) (em') (em') (em') (em) (cm3/cmJ
) (cm3/cm3

) (cmJ/cm:'') (em)

625 0.120 0.586 7.48E-l1 0.643 4.81 E-ll 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

abuilding A, '1 Zcrack L1Hv.TS HTs H'TS ~TS
O>effv D'N O>eff

Ta
(cm3/s) (em') (unitless) (em) (cal/mol) (atm-m3/mol) (unitless) (g!em-s) (cm2/s) (cm 2/s) (em'!5)

5.63E+04 9.24E+05 4.16E-04 15 7,226 3.84E-04 1.63E-02 1.77E-04 9.22E-04 8.47E-04 8.98E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length. length, cone., radius, into bldg., coefficient, crack, number, coefficient, cone., factor, cone.,

Ld L" C!O<lUl"ce rcrack Q soi!
Dcre.ck AcrBck e<p(Pe') U Cbulldlng URF RfC

(em) (em) (~gJm') (em) (em'!5) (em'!5) (em') (unitless) (unitless) (~g!m3) (~g!m'r' (mg!m')

625 15 8.45E+00 0.10 4.60E-02 9.22E-04 3.84E+02 7.03E+00 9.15E-07 7.74E-06 2.6E-07 8.0E+OO

- - - - - - - - -
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I DATA ENTRY SHEET FOR M,P-XYLENES

I C LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in ''YES'' box) I VERSION 1.5 I26-Jan-01
YES I I DTSC 1HERD

I OR
C LCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(lj ter "X" in "YES" box and initial groundwater conc. below)

I YES I X I
ENTER ENTER

I Initial
Chemical groundwater
CAS No. conc.,

(numbers only, Cw

I no dashes)- (~g/L) Chemical

I 108383 I 1.4 m-Xylene I

I ENTER ENTER ENTER ENTER
Depth

below grade Average

I
to bottom Depth soill

of enclosed below grade SCS groundwater
space floor, to water table, soil type temperature,

LF Lwr directly above Ts

I 115 or 200 em) lem) water table ('C)

I 15 I 640 I SIC I 15 I

I
I ENTER ENTER

Vadose zone User-defined ENTER ENTER ENTER

- SCS vadose zone Vadose zone Vadose zone Vadose zone

soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k" v nV e vPo w

I permeability) (em') (g/em') (unitless) (cm3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I

I
I ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

I
carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THQ ATc ATNC ED EF
(unitless) (unrtless) Ivrs) (vrs) (vrs) (davslvr)

I 1.0E-06 I 1 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

I
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CHEMICAL PROPERTIES SHEET FOR M,P-XYLENES

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D, Dw H TR II.Hv,b TB Tc Koc S URF RfC
(cm2/s) (cm'/s) (atm-m'/mol) (0C) (caUmol) (oK) (oK) (cm'/g) (mg/L) (~g/m3r' (mg/m')

7,00E-02 7,80E-06 7.34E-03 25 8,523 I 412.27 I 617.05 4,07E+02 1.61E+02 O.OE+OO 7.0E-01
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~- - - - - - - - - - -- - - .. - -. - - -INTERMEDIATE CALCULATIONS SHEET FOR M,P-XYLENES

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor·
Source- zone sou .- ness of oros in porosrty in porosity in wall
building air·filled total fluid Inlrinsic relative air effective vapor capillary capillary capillary capl ary

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

Lr 0: S" ~ ~, Ie., La n~ O.Cl °w.c..! x",'k
(em) (cm'/cm3

) (cm3/cmJ
) (em') (em') (em') (em) (cm)/cm3

) (cm3/cm3
) (cmJ/cm3

) (em)

625 0120 0586 7.48E-ll 0643 4.81E-l1 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-lotal depth vaporization at constant at constant at viSCOSity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion dIffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,
QOIIIdlO9 A. '1 la... .JH.... 's Hrs H'TS ~rs

oeNv DeNa DeN,

(Cm3/s) (Cm2) (unitless) (em) (callmol) (atm.mJ/mol) (unitless) (g/cm-s) (cm2IS) (cm2/s) (cm2Is)

5.63E+04 924E+05 4.16E-04 15 10,197 404E-03 171E-Ol 1.77E-04 4.67E-04 357E-04 4.26E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effectIve foundation Indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg risk Reference

length, length, conc., radIUS, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

L" L, CSOlIce rcatl! 0,.. O~'" Aer• cIl exp(Pef
) a C_ URF RfC

(em) (em) (,ug/m3
) (em) (cm3/s) (em'/s) (em') (unitless) (unitless) (~lg/m3) hlg/m3r1 (mg/m')

625 15 2.39E+02 0.10 460E-02 467E-04 3.84E+02 4.71E+Ol 7.77E-07 1.86E-04 NA 70E-01
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YES

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

15

Average
soill

groundwater
temperature,

Ts
(0G)

ENTER

40 of 71

x

Chemical

Ethylbenzene

ENTER

SCS
soil type

directly above

water table

SiC

ENTER
Initial

groundwater
conc.,

Cw
(~g/L)

ENTER

640

1.1

YES

Depth
below grade

to water table,
Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNe ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (daystyr)

10E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

15

ENTER

100414

DATA ENTRY SHEET FOR ETHYLBENZENE

ENTER
Depth

below grade
to bottom

of enclosed
space floor I

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X' in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soH vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV aw
v

Pb

oemneabiliM (em') (g/em') (uni~ess) (cm 3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I



~- - - - - - - - - - - - - - - -' - - -CHEMICAL PROPERTIES SHEET FOR ETHYLBENZENE

Henry's Henry's Enthalpy of Organic Pure
a constant va orization at Normal carbon component Unit

Diffusivity Oiffusivity at reference reference the normal boiling nbca pa ilion water risk Ref
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,
0, Ow H TR \Hvb Ta Tc I<ac S URF RfC

(cm'/s) (cm'/s) (atm-m3/mol) ("C) (cal/mol) ("K) (oK) (cm3/g) (mg/L) (~g/m3r' (mg/m')

7.50E-02 7.80E-06 7.88E-03 25 8,501 I 409.34 I 617.20 3.63E+02 1.69E+02 O.OE+OO 2.0E+00
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INTERMEDIATE CALCULATIONS SHEET FOR ETHYLBENZENE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
bUilding air-fitted total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeabilfty , zone, zone, zone, zone, perimeter,

Lr 0/ S" ~ ""
k, L" n" 8a,cz 8w.cz Xcracil

(em) (cm3/cm3
) (cm3Jcm3

) (em') (em') (em') (em) (cm3/cm3
) (cm 3Jcm3

) (cmJ/cm3
) (em)

625 0.120 0.586 7.48E-ll 0.643 4.81 E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-lotal depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuilding A, ~ Zcrack L1H...TS H" H'Ts ~lTS
Oeff

v
Doff 0

8
\"

(em'/s) (em') (unitless) (em) (cal/mol) (atm-m 3/mol) (unitless) (gJcm-s) (cm2Js) (cm2/s) (cm 2/s)

5.63E+04 9.24E+05 4.16E-04 15 10,098 4.36E-03 1.84E-Ol 1.77E-04 5.00E-04 3.82E-04 4.56E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack floW rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coerticient, crack, number, coefficient, conc., factor, conc.,

L, Lp Csource rcrack Q soil
Ocrack

A crack exp(Pef
) a Cooldng URF RfC

(em) (em) (fLg/m') (em) (em'/s) (cm2Js) (em') (unfiless) (unitless) (I,g/m') (fL9/m'y' (mg/m')

625 15 2.03E+02 0.10 4.60E-02 5.00E-04 3.84E+02 3.65E+01 7.85E-07 1.59E-04 NA 2.0E+00
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YES DTSC I HERD

VERSION 1.5
26-Jan-01

ENTER

Average
soiV

groundwater
temperature,

Ts

eCl

15

Chemical

x

Chlorodibromomethane

SCS
soil type

directly above

water table

SIC

ENTER

DATA ENTRY SHEET FOR CHLORODIBROMOMETHANE

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. cone"

(numbers only, Cw
no dashes (~gIL)

124481 0.36

ENTER

Depth
below grade

to water table,

Lm

15 640

C LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in ''YES'' box)

OR
C LCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(e tar "X" in "YES" box and initial groundwater cone. below)

I
I

I

I
I

I

I

I

I
I

I
I

I
I
I
I
I
I

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose Zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k, v nV e vPo w

ermeabif (em') (glcm3
) (cm3/cm3

)

SIC 15 0.36 0.24

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNe ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (dayslyr)

tOE-06 70 30 30 350

Used to calculate risk-based
roundwater concentration.
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CHEMICAL PROPERTIES SHEET FOR CHLORODIBROMOMETHANE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unn

Diffusivlty Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone"

Da Dw H TR LlHv,b TB Tc . Koc S URF RIC

(cm2/s) (cm2/s) (atm-m3/mol) COC) (cal/mol) COK} ("K) (cm3/g) (mg/L) (~g/m3r' (mg/m3)

1.96E-02 1.05E-05 7.83E-04 25 8,000 I 416.14 I 678.20 6.31 E+Ol 2.60E+03 I 2.7E-05 I O.OE+OO

-------
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- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR CHLORODIBROMOMETHANE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air·filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic re atlve air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT ov
S" ~ ~. k, L~ n~ 911.,cz 8w,cz Xcrack•

(em) (cm3fcm J
) (cm3/cm3

) (em') (em') (em') (em) (cmJ/cmJ
) (cm3/cmJ

) (cm3/cm3
) (em)

625 0.120 0.586 7.48E-11 0.643 4.81E-11 192.31 0.36 0.111 0249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soit diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuilding As ~ Zcrar;\; nHv,Ts HTS H'TS ~TS Detl
v Deftcz De"T

(em'!s) (em2
) (unitless) (em) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (em'/s) (em2/s)

5.63E+04 9.24E+05 4.16E-04 15 9,151 4.58E-04 1.94E-02 1.77E-04 1.66E-04 1.40E-04 1.57E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone" radius, into bldg., coerficient, crack, number, coefficient, conc., factor, conc.,

La Lp Cso...-ct! rCr&clc Q scil
Ocmck

Acrack exp(Pef
) a Cblilding URF RIC

(em) (em) (~g!m') (em) (em'!s) (em2!s) (em') (unitless) (unitless) (~lg!m') (~lg/m3r1 (mg!m')

625 15 6.97E+00 0.10 4.60E-02 1.66E-04 3.84E+02 5.07E+04 6.82E-07 4.75E-06 2.7E-05 NA
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YES

DATA ENTRY SHEET FOR CHLOROFORM

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ENTER

15

Average
soill

groundwater
temperature,

Ts
(OC)

46 of 71

Chloroform

x

Chemical

ENTER

SCS
soil type

directly above

water table

SIC640

ENTER

ENTER
Initial

groundwater
conc.,

Cw
("giL)

0.47

YES

Depth
below ~rade

to water table,
LWT

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THQ ATc ATNe ED EF
(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
nroundwater concentration.

67663

ENTER

15

Chemical
CAS No.

(numbers only,
no dashes)

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

ENTER ENTER
Vadose zone User~defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV e vPb w

oenmeabilitv\ (em') (g/em') luniijess\ (cm3/cm3
)

SIC l 1.5 I 0.36 I 0.24 I



- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR CHLOROFORM

Henry's Henry's Enthalpy of Organic Purelaw constant law constant vaporization at carbon com onent U'D'
partition water risk Referencein air, in water, temperature, temperature, boiling point, coefficient, solubility, factor, conc.,D, Dw H TR .-\Hv,b Koc S URF RfC(cm'/s) (cm'/s) (atm-m3/mol) COC) (cal/mol) (cm3/g) (mg/L) (flg1m3r' (mglm3)

1.04E-Ol 1.00E-05 3.66E-03 25 6988 334.32 536.40 3.98E+Ol 7.92E+03
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INTERMEDIATE CALCULATIONS SHEET FOR CHLOROFORM

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total AiHilied Water-filled Floor-
Source~ zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability , permeability, zone, zone, zone, zone, perimeter,

Lr e,v S" ~ ~, K, La na 8a ,cz °w.cz Xerack

(em) (cm3/cm3
) (cm3

/cm3
) (em') (cm 2

) (em') (em) (cm3/cm J
) (cm3/cm3

) (cm3JcmJ
) (em)

625 0.120 0.586 7.48E-11 0.643 4.81 E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bld9. space to-total depth vaporization at constant at constant at Viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater -ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

abuildill~ A, ~ Zcrock L\Hv,TS Hrs H'TS ~lTS D'"" D"'a Oeffr
(cm3/s) (em') (unitless) (em) (cal/mol) (atm-m 3/mol) (unitless) (g/em-s) (cm2/s) (em'/s) (em'/s)

563E+04 924E+05 4.16E-04 15 7,502 2.36E-03 9.97E-02 1.77E-04 6.95E-04 5.33E-04 6.36E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone., radius, into bldg., coefficient, crack, number, coefficient, cone., factor, cone.,

L, L, Csource rcrack Q soil
Ocrack

Acrock exp(Pe') " Cbuildlng URF RIC

(em) (em) (f,g/m') (em) (em'/s) (em'/s) (em') (unitless) (unitless) (~g/m') (~9/m'r' (m9/m')

625 15 4.69E+Ol 0.10 460E-02 6.95E-04 3.84E+02 1.33E+Ol 8.39E-07 3.93E-05 5.3E-06 3.0E-Ol

- - - - - - - - -
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DTSC I HERD

VERSION 1.5
26-Jan-01

Average
soiU

groundwater
temperature,

T5

('C)

15

ENTER

49 of 71

Chemical

Carbon disulfide

x

ENTER

SIC

SCS
soil type

directly above

water table

DATA ENTRY SHEET FOR CARBON DISULFIDE

YES

ENTER ENTER ENTER ENTER ENTER
Target Averaging Averaging
nsk for time for time for Exposure

carcinogens. carcinogens. noncarclnogens. duratIOn,
TR ATe ATNC ED

rs

1.0E-D6 70 30 30 350

Used to calculate risk·based
roundwater concentratIon

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. cone ..

numbers only, Cw
no dashes (!lg/L)

75150 0.38

ENTER

Depth
below grade

to water table,
Lwr

15 640

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soli type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity .

soil vapor k., p,v nV O.V

rmeabil (em') (glem') (cmJ/cm3
)

SIC 1.5 0.36 0.24

OR
CA CULATE INCREMENTAL RiSKS FROM ACTUAL GROUNDWATER CONCENTRATION
(en er "X" in "YES" box and initial groundwater cone. below)

CA CULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" In "YES" box)

I

I

I

I

I

I

I

I

I

I
I

I

I
I

I

I

I

I

I



CHEMICAL PROPERTIES SHEET FOR CARBON DISULFIDE

Henry's Henry's Enthalpy of Organic Purelaw constant law constant vaporization at Normal carbon component UnnDiffusivity Diffusivity at reference reference the normal boiling Critical parillion water risk Referencein air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,Da Dw H TR tlHv,b Ta Tc 1(", S URF RfC(cm'/s) (cm'/s) (atm-m'/mol) (0C) cal/mol) (oK) (oK) (cm'/g) (m /L) (fl9/m'r' (mg/m')
1.04E-01 1.00E-05 3.02E-02 25 6,391 552.00 4.57E+01 1.19E+03
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- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR CARBON DISULFIDE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
I Thickness of orosi In orosity in wall

building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

LT
OV

S" ~ ~, k, La na Ba,cz °w,a Xerack"
(em) (cm3/cm3

) (cm 3Jcm3
) (em') (em') (em') (em) (cm3/cm J

) (cm3/cm3
) (cmJ/cmJ

) (em)

625 0.120 0.586 7.48E-ll 0643 4.81 E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

abUilding As ~ lerack i\Hv,Ts HTS H'Ts JLTS Oeff
v Doff Oeff

Ta
(cmJ/s) (em') (unitless) (em) (cal/mol) (atm-mJ/mol) (unitless) -(g/em-s) (cm2/s) (em'/s) (cm2rs)

5.63E+04 9.24E+05 4.16E-04 15 6,644 2.05E-02 8.65E-01 1.77E-04 6.90E-04 5.26E-04 6.29E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone., radius, into bldg., coefficient, crack, number, coefficient, cone" factor, conc.,

L, Lv Csource rCraCk Q soil
Ocrack

Acrock exp(Pe') a Cbulding URF RfC

(em) (em) (['g/m 3
) (em) (cmJ/s) (cm2Is) (em') (unitless) (unitless) (['g/m3

) (['glm
3r' (mg/m3

)

625 15 3.29E+02 0.10 4.60E-02 6.90E-04 3.84E+02 1.36E+01 8.37E-07 2.75E-Q4 NA TOE-01
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YES

DATA ENTRY SHEET FOR BROMOFORM

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ENTER

Average
soiV

groundwater
temperature,

Ts
(oC)

15

52 of 71

Bromoform

Chemical

x

ENTER

SIC

SCS
soil type

directly above

water table

YES

ENTER

640

0.80

ENTER
Initial

groundwater
conc.,

Cw
(~gIL)

Depth
below grade

to water table,
Lwr
(em)

75252

ENTER

15

Chemical
CAS No.

(numbers only,
no dashes)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THO ATe ATNe ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (dayslyr)

1.0E-Q6 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
aroundwater concentration.

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,
soil vapor k"

v nV e vPb w
permeability) (em') (glem3

) (unitless) (cm3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I



- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR BROMOFORM

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal ·carbon component Unit

in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

Da Dw H TR L'.Hv.b T8 Te Koc S URF RfC

(cm'/s) (cm'/s) (atm-m'/mol) <,C) (cal/mol) (oK) (oK) (cm'/g) (mg/L) ("g/m
3r' (mg/m3

)

1,49E-02 1.03E-05 5.34E-04 25 9,479 I 422.35 I 696.00 8.71E+01 3.10E+03 I l1E-06 I O.OE+OO
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INTERMEDIATE CALCULATIONS SHEET FOR BROMOFORM

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air ertective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,
LT UV

S" ~ ~, K. La na Ba,c.z Bw,C4' Xerack•
(em) (cmJJcmJ

) (cmJrcm J
) (em') (em') (em') (em) (cmJ/cmJ

) (emJ /em3
) (cm3/cmJ

) (em)

625 0.120 0.586 7.48E-ll 0.643 4.81 E-l1 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

QblJildng A, ~ Zcrack dHv.TS HTS H'TS ~TS Deff
v DOff OeffTa

(cmJ/s) (em') (unitless) (em) (cal/mol) (atm-mJ/mol) (unitless) (g/cm-s) (em'ls) (cm2/s) (em'ls)

5.63E+04 924E+05 4.16E-04 15 10,826 2.83E-04 1.20E-02 1.77E-04 1.56E-04 1.40E-04 1.51 E-04

Exponent of Infinite
Average Crack "equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

L, Lp Csource rcrack Q soil
Ocrack

Acrock -exp(Pe') a Cbuilding URF RIC

(em) (em) (~glm') (em) (cm3/s) (em'ls) (em') (unitless) (unitless) (~glm3) (~glm'r' (mglm')

625 15 9.58E+00 0.10 4.60E-02 1.56E-04 3.84E+02 1.01 E+05 6.77E-07 6A9E-06 1.1 E-06 NA

- - - - - - - - -
540171

- - - - - - - - - -



,

I
DATA ENTRY SHEET FOR BROMODICHLOROMETHANE

I C/,LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) I VERSION 1.5 I26-Jan-01
YES I I DTSC I HERD

I OR
Cf\LCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
( lnter "X" in "YES" box and initial groundwater conc. below)

I YES I X I
ENTER ENTER

I Initial
Chemical groundwater
CAS No. cone"

(numbers only, Cw

I no dashes)' (~g/L) Chemical

I 75274 I 0.37 Bromodichloromethane 1

I ENTER ENTER ENTER ENTER
Depth

below grade Average

I
to bottom Depth soil!

of enclosed below grade SCS groundwater
space floor, to water table, soil type temperature,

L, LWT directly above Ts

I 15 or 200 em' (em\ water table (oC)

I 15 640 ,
SiC I 15 I

I
I ENTER ENTER

Vadose zone User-defined ENTER ENTER ENTER

I
SCS vadose zone Vadose zone Vadose zone Vadose zone

soil type soil vapor soil dry soil total soil water-filled
( sed to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV a,vPb

I I oermeabilih , \ (em') (glem 3
) lunitless\ (cm3/cm3

)

SIC I r 1.5 I 0.36 I 0.24 I

, I
I ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

I
carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATc ATNC ED EF
luni~ess) (unitless) Ivr;) (vrs\ (vrs\ (davs/vr\

I 1.0E-06 I 1 70 30 I 30 I 350 I

Used to calculate risk-based
nroundwater concentration.

I
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CHEMICAL PROPERTIES SHEET FOR BROMODICHLOROMETHANE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unn

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

D. Dw H TR ilHv,b T6 Te K" S URF RfC

(cm2/s) (cm2/s) (atm-m 3/mol) ("C) (caUmol) (oK) (oK) (cm3/g) (mg/L) (llg/m3r' (mg/m')

298E-02 1.06E-05 1,60E-03 25 7,000 I 363.151 585,85 5,50E+Ol 6,74E+03 3.7E-05 O.OE+OO
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--.......- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR FOR BROMODICHLOROMETHANE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air·filled Water-filled Floor-
Source- zone sal e e rosit in rosrty in porosity in wall
building air-filled total fiuid intrinsic relative air effective vapor capillary capIllary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeabIlity, zone, zone, zone, zone, penmeter,

L, OV S" ~ k", "" l.u n~ o.~ O.~ x".",•
(em) (cmJ/cmJ

) (cm'/cmJ
) (em') (em') (cm2

) (em) (cm'/cmJ
) (cmJ/cm3

) (cm3/cm') (em)

625 0120 0.586 748E-l1 0643 4.81E-ll 192.31 036 0.111 0249 3.844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bld9· space la-talaI depth vaporization at constant at constant at viscosrtyat effective effective effectIve
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coeffiCient, coefficient,

OtNllojtflg A. 'I Zer'tll \Hv.Ts H" H'TS Jlrs De"v D"'~ De"T

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-mJ/mol) (unitless) (g!cm·s) (cm2/s) (cm2!s) (cm2/s)

5.63E+04 9 24E+05 4.16E-Q4 15 7.732 1.02E-Q3 430E-02 1 77E-04 2.14E-04 1.69E-Q4 1 98E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flowrale diffusion Area of Peclet attenuation bld9· risk Reference

length, length, conc., radius, Into bldg, coefficient, crack, number, coefficient, conc" factor, conc.,

L.. Lp Csou-ce rer'l:ll Q"", D~'" AU"k exp(Pel
) u Cwldt"O URF RIC

(em) (em) (pgim') (em) (cmJ/s) (cm2/s) (cm:.!) (unitless) (unrtless) ("gim') hlg/mJr' (mg/m')

625 15 1.59E+Ol 010 460E-02 2.14E-04 384E+02 448E+03 706E-07 1.12E-05 3.7E-05 NA
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YES

DATA ENTRY SHEET FOR 2-METHYLNAPHTHALENE

I
I

I
I
I

I

I

I

I
I

DTSCI HERD
I VERSION 1.5

26-Jan-01

ENTER

Average
soil!

groundwater
temperature,

Ts
(C)

15

2-Methylnaphthalene

Chemical

x

ENTER

SIC

SCS
soil type

directly above

water table

YES

640

ENTER
Initial

groundwater
conc.,

Cw
(~gIL)

ENTER

9074

Depth
below grade

to water table,
Lwr

(em)

15

ENTER

91576

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in ''YES'' box and initial groundwater conc. below)

I
ENTER ENTER

Vadose zone User-defined ENTER ENTER ENTER
SCS vadose zone Vadose zone Vadose zone Vadose zone

soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k. Pb
V nV e v

w

permeability) (em') (g/em') (unitless) (cm'lcm')

SIC I I 1.5 I 0.36 I 0.24 I

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATe ATNe ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (dayslyr)

1.0E-06 J 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.
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-------..,
- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR 2-METHYLNAPHTHALENE

Vadose Vadose zon Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective .01 wall

building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

L, e v S.. k; k" k, L~ n~ 9 i1,cz 9w,cz X_•
(em) (em 3/em 3

) (cm3/cm3
) (em') (em') (em') (em) (cm3/cm3

) (em3/em3
) (em3/em3

) (em)

625 0.120 0.586 7.48E-11 0.643 4.81E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

abuilding As ~ Zcrack ~H(TS H,s H'TS ~'5 Derr
v Don Don,

~

(em'15) (em') (unitless) (em) (eallmol) (atm-m 5/mol) (unitless) (glem-.) (cm
2
/s) (em'I.) (em'I.)

5.63E+04 9.24E+05 4.16E-04 15 12,861 2.27E-04 9.62E-03 1.77E-04 4.43E-04 3. 57E-04 4.12E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone., radius, into bldg., coefficient, crack, number, coefficient, cone., factor, cone.,

lo Lp Csource rcrack Q soit
Ocrack

A_ exp(Pef
) a Cbuilding URF RIC

(em) (em) ("glm'i (em) (em'I.) (em'15) (em') (unitless) (unitless) ("g/m') (~g/m3r' (mg/m')

625 15 8.73E+04 0.10 4.60E-02 4.43E-04 3.84E+02 5.80E+01 7.72E-07 6.74E-02 NA 9.0E-03



YES

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

15

Average
soil!

groundwater
temperature,

Ts
(OC)

ENTER

60 of 71

Chemical

x

Naphthalene

ENTER

,SCS

soil type
directly above

water table

SIC

ENTER
Inmal

groundwater
conc.,

Cw
(~g/L)

640

ENTER

4.6

YES

Depth
below grade

to water table,

Lwr

(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATc ATNC ED EF
(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
groundwater concentration.

15

ENTER

91203

DATA ENTRY SHEET FOR NAPHTHALENE

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

L,
(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter ")C;' in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k, v nV 9 vp, w

oenmeabilitvI (em') (g/em') (unitlessl (cm3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I



~- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR NAPHTHALENE

Henry's Henry's Enthalpy of Organic Pure
stant taw constant va orization at Normal carbon component Unit

Oiffusivity Oiffusivity at reference reference the normal boiling n lea partition water lisk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

Oa Ow H TR L\H,... b T. Tc Koc S URF RfC

(cm'/s) (cm'/s) (atm-m3 tmol) (oC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (~lg/m"r' (mg/m3
)

5.90E-02 7.50E-06 4.83E-04 25 10,373 I 491.14 I 748.40 2.00E+03 3.10E+01 O.OE+OO 9.0E-03
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INTERMEDIATE CALCULATIONS SHEET FOR NAPHTHALENE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

Lr o v S.. ~ k" k, L~ n~ Sa,cz 8w.e.z Xerack•
(em) (cmJ /cm3

) (cm3/cmJ
) (em') (em') (em') (em) (cm3/cm J

) (cm3/cm3
) (cm3/cm3

) (em)

625 0.120 0.586 7.48E-11 0.643 4.81 E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy 01 Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundWater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuilding A, ~ Zcrack .6.Hv,Ts H" H'TS I'rs Doff
v DeH

cz D
e
\

(em'/s) (em') (unitless) (em) (cal/mol) (atm-m3/rnol) (unitless) (g/em-s) (em'/s) (em'/s) (em'/s)

5.63E+04 9.24E+05 4.16E-04 15 12,861 2.27E-04 9.62E-03 1.77E-Q4 4.43E-04 3.57E-04 4.12E-04

l;xponent of Infinite

Average Crack equivalent source Infinite

DiffUSIon Convection Source vapor effective foundatIon Indoor source Unit

path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, . number, coefficient, conc., factor, cone.,

L, Lp Csource rCrack Q SOH
Ocrack

A~", exp(Pe') a Cblilding URF RIC

(em) (em) (I'g/m') (em) (cm3/s) (cm2/s) (em') (unitless) (unitless) (I'9tm') ("g/m'r' (mgtm')

625 15 4.42E+Ol 0.10 4.60E-02 4.43E-Q4 3.84E+02 5.80E+Ol 7.72E-07 3.41 E-05 NA 9.0E-03

- - ------- - - - - -
620171

- - - - - - - - - -



DTSC I HERD

VERSION 1,5
26-Jan-01

15

Average
soill

groundwater
temperature,

T5

(OC)

ENTER

cis-1 ,2-0ichloroethylene

ChemIcal

x

SIC

SCS
soil type

directly above

water table

ENTER

DATA ENTRY SHEET FOR CIS-1 ,2-DCE

YES

LCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No, cone.,

(numbers only, Cw
no dashes) (l,gIL)

156592 057

ENTER

Depth
below grade

to water table,

Lwr

15 640

OR
ALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION

( nter "X" in "YES" box and inlbal groundwater cone. below)
I
I

I

I

I

I

I

I
I

I
I
I
I

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor 5011 dry soil total 5011 water-filled

(used to estimate OR permeabIlity, bulk density. porosity, porosity,

5011 vapor
""

v nV 0/Pb

ermeabili (em') (g/em') unitless (cm3/cm3
)

SIC 1,5 0,36 024

I
I
I
I
I
I

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotIent for time for time for Exposure

carcinogens, noncarcinogens. carcinogens, noncarcinogens, duration,
TR THO ATe ATNC ED

unltless} r5) rs

1,OE-06 70 30 30 350

Used to calculate nsk-based
roundwater concentration
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CHEMICAL PROPERTIES SHEET FOR CIS-l ,2-DCE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component UnitDiffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Referencein air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,D, Dw H TR 6Hv.b T8 Tc Koc S URF RfC(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (1l9/m3r' (mg/m3)

7.36E-02 113E-05 4.07E-03 25 7, t92 333.65 544.00 3.55E+Ol 3.50E+03 O.OE+OO 3.5E-02
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- - - - - - - - - - - - - - - - - - -
INTERMEDIATE CALCULATIONS SHEET FOR CIS-1 ,2-DCE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air·filled Water-filled Floor·
Source- zone SOl efjectlVe soil soil sell ThlCknV5'i of par ,n wall

building air-filled total fluid Intrinsic relahve air effectlve vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeabIlity, zone, zone, zone, zone, perimeter,

L, UV
S" ~ ~, k., L" n" 0, " OW,Cl Xu.",

(em) (cm J/cm3
) (cm3/cm J

) (em2
) (em') (em1

) (em) (cmJ/cm J
) (cmJ/cmJ ) (cmJ/cm1

) (em)

625 0.120 0586 748E-11 0.643 4.81E-ll 19231 036 0.111 0.249 3,844

Area of Capillary Total

enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg space lo-Iotal depth vaporization at constant at constant at viscosity at effective effective effective

ventilation below area below ave. groundwater ave groundwater ave. groundwater ave, soil dIffusion diffusion diffUSion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coeffiCient, coefficient,

QbllllO"a A, '1 ~..ck \H.. ,TS H" H'TS ~lTS Oe\ Detf
cz DdT

(cmJ/s) (cm2) (unitless) (cm) (cal/mol) (atm_m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/S) (cm2/s)

5.63E+04 9.24E+05 4.16E-04 15 7,684 259E-03 1 lOE-01 1.77E-04 4.94E-04 3.80E-04 4.52E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit

path path vapor Crack floV/rate diffusion Area of Peelet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coeffiCient, crack, number, coefficient, conc., factor, conc.,

L, lp Cso....te fer.cil Q~I
DeriCk

Atr.t:J< exp(Pe1
) " CDu/.:llng URF RfC

(em) (em) ('lg/m
3

) (em) (cm3/s) (cm2IS) (em') (unitless) (unitless) (~g/m') (~lg/mJ)·' (mg/m')

625 15 6.26E+01 010 460E-02 494E-04 3.84E+02 380E+01 7.84E-07 490E-05 NA 3.5E-02
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YES

DATA ENTRY SHEET FOR PCE

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

I
VERSION 1.5 I26-Jan-01

DTSC I HERD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Average
soil!

groundwater
temperature,

Ts
(OC)

15

ENTER

66 of 71

x

Tetrachloroethylene

Chemical

ENTER

SIC

SCS
soil type

directly above

water table

ENTER
Initial

groundwater
conc.,

Cw
(llg/L)

ENTER

640

0.37

YES

Depth
below grade

to water table,
Lwr
(em)

ENTER ENTER ENTER ENTER ENTER ENTER
Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

TR THO ATc ATNC ED EF
(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 I 70 I 30 I 30 I 350 I

Used to calculate risk-based
qroundwater concentration.

127184

ENTER

15

ENTER
Depth

below grade
to bottom

of enclosed
space floor,

LF

(15 or 200 em)

Chemical
CAS No.

(numbers only,
no dashes)

ENTER ENTER
Vadose zone User·defined ENTER ENTER ENTER

SCS vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor soil dry soil total soil water-filled

(used to estimate OR permeability , bulk density, porosity, porosity,

soil vapor k, v nV 8 vPb w

oermeabilitv) (em') (g/cm') (unitless) (cm3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I



- - - - - - - - - - - - - - - - - - -CHEMICAL PROPERTIES SHEET FOR PCE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal bolhng Cnncal partltloll wate'j lisk Refelenc
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, cone.,

0, Ow H TR ~Hvb TB Te Koc S URF RfC

(em2Is) (em2Is) (atm-m3Imol) (0C) (eallmol) (oK) (oK) (em3Ig) (mgIL) (~lglm3r' (mglm3)

7.20E-02 8.20E-06 184E-02 25 8,288 I 394.40 I 620.20 1.55E+02 2.00E+02 5.9E-06 3.5E-02
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INTERMEDIATE CALCULATIONS SHEET FOR PCE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filted total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam

separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

L, H/ S" ~ k" k" L~ n~ El 6 ,cz °w,cz Xerack

(em) (cm3/cm3
) (cm3/cm3

) (em') (em') (em') (em) (cm3/cmJ
) (cmJ/cm J

) (cm3fcm J
) (em)

625 0.120 0.586 7.48E-ll 0.643 4.81 E-ll 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at Viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil dirtusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

QbuilL1ng A, ~ Zcrllck .....Hv,TS Hog H'TS ~og
Oeftv oeffcz Oe\

(cm3/s) (em') (unitless) (em) (eal/mol) (atm~m3/mol) (unitless) ; (g/cm-s) (em'/s) (em'/s) (em'/s)

5.63E+04 924E+05 4.16E-04 15 9,502 1.05E-02 4.46E-Ol 1.77E-04 4.78E-04 3.65E-04 4.37E-04

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, conc., radius, into bldg., coefficient, crack, number, coefficient , conc., factor, conc.,

Ld L, Cso....ce rCfllCk Q SOH DCrElck
ACfllck exp(Pe') a Cbuilding URF RfC

(em) (em) (~g/m') (em) (cm3Js) (em'/s) (em') (unitless) (unitless) (~g/m') (,<J/m
3r1 (mg/m')

625 15 1.65E+02 0.10 4.60E-02 4.78E-04 3.B4E+02 4.29E+Ol 7.79E-07 129E-04 5.9E-06 3.5E-02

- - - - - - - - -
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I

I DATA ENTRY SHEET FOR TCE

I
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

I
VERSION 1.5

I26-Jan-01
YES I I DTSC / HERD

I OR
C~LCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
( ntar "X" in "YES" box and initial groundwater conc. below)

I YES I X I
ENTER ENTER

I
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, Cw

I
no dashes) (~tgIL) Chemical

I 79016 I 0.62 I Trichloroethylene I

I ENTER ENTER ENTER ENTER
Depth

below grade Average

I
to bottom Depth soiV

of enclosed below grade SCS ' groundwater
space floor, to water table, soil type temperature,

L, Lwr directly above Ts

I
115 or 200 em) (em) water table (0C)

15 I 640 I SIC 15 I

I
I ENTER ENTER

Vadose zone User-defined ENTER ENTER ENTER
SCS vadose zone Vadose zone Vadose zone Vadose zone

I soil type soil vapor soil dry soil total soil water-filled
(used to estimate OR permeability, bulk density, porosity, porosity,

soil vapor k., v nV
8w

v
Pb

I
permeability) (em') (glem3

) (unitless) (cm3/cm3
)

SIC I I 1.5 I 0.36 I 0.24 I

I
I ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,

I TR THQ ATc ATNC ED EF
(unitless) (unitless) (vrs) (vrs) (vrs) (davs/vr)

I
1.0E-06 1 70 I 30 I 30 I 350 I

Used to calculate risk-based
aroundwater concentration.

I
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CHEMICAL PROPERTIES SHEET FOR TCE

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Crnical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficientt solubility, factor, cone.,

D, Dw H TR t.Hv,b T8 Te Ko, S URF RfC

(cm'/s) (cm'/s) (atm-m'/mol) eC) (cal/mol) (oK) eK) (cm'/g) (mg/L) (flg/m'r' (mglm')

7,90E-02 9,10E-06 1,03E-02 25 7,505 I 360.36 I 544.20 1.66E+02 1.10E+03 2.0E-06 6.0E-01
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- - - - - - - - - - - - - - - - - - -INTERMEDIATE CALCULATIONS SHEET FOR TCE

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Air-filled Water-filled Floor-
50'1 soil soil Thickness of orosity in porosity in wall

bUilding air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary seam
separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, perimeter,

LT
e v s,. ~ ~, k., La na Ba .Cl Sw,cz ><Crack•

(em) (cm3/cm3
) (emS/emJ

) (em') (em') (em') (em) (cm 3/cm J
) (em3/em J

) (em'/em') (em)

625 0.120 0.586 7.48E-11 0.643 4.81 E-11 192.31 0.36 0.111 0.249 3,844

Area of Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor Vadose zone zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient,

Qbuildng As ~ Zcrack 6.Hv,Ts HTs H'TS ~TS
Oeffv D"'a oeff

T

(cm3/s) (em') (unitless) (em) (callmol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s)

5.63E+04 9.24E+05 4.16E-04 15 8,495 6.26E-03 2.65E-Ol 1.77E-Q4 526E-04 4.02E-04 4.80E-Q4

Exponent of Infinite
Average Crack equivalent source Infinite

Diffusion, Convection Source vapor effective foundation indoor source Unit
path path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, length, cone., radiUS, into bldg., coefficient, crack, number, coefficient, cone., factor, cone.,

Ld Lp Csource rcrack °soil
Ocrack

Acrack exp(Pel
) " Cbuilding URF RfC

(em) (em) (f'9/m') (em) (cm3/s) (cm2/s) (em') (unitless) (unitless) (f'9/m') btg/m3r1 (mg/m')

625 15 1.64E+02 0.10 4.60E-02 5.26E-Q4 3.84E+02 3.06E+Ol 7.91 E-07 1.30E-04 2.0E-06 6.0E-Ol
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BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

3

EXTENDED SITE MAP SHOWING STUDY AREAS 1 THROUGH 5
AND EXCAVATIONS A THROUGH E

WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 3

ALUM ROCK AVENUE

N

LEGEND

ALL LOCATIONS ARE APPROXIMATE.
BASEMAP FROM GOOGLE EARTH 2015

License No. 843074

Phone (408) 287-2175

APPROXIMATE SCALE IN FEET

EXPLORATORY BORING 2001 (LFR)

0 100

AREA 2

AREA 3

AREA 4

AREA 5

AREA 1

BASB031
BASB036

BASB077

BASB022

BASB023

EXCAVATION A

EXCAVATION B

EXCAVATION C

EXCAVATION D EXCAVATION E

BUILDING

BUILDING

BUILDING

BUILDING



BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

4
AREA "A" EXCAVATION DIAGRAM 

AND  SOIL SAMPLE LOCATIONS (2001 AND 2015)
WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 4

ALL LOCATIONS ARE APPROXIMATE.

SOIL SAMPLES COLLECTED ON
02/23/15 WITHOUT LABORATORY
RESULTS SHOWN ON THIS DRAWING
WERE BELOW LABORATORY
REPORTING LIMITS

License No. 843074

Phone (408) 287-2175

AREA A-SEwalld10.0

AREA A-NEwalld10.0

10 ft

10 ft

10 ft

AREA A-SWwalld6.5

AREA A-SWwalld10.0

AREA A-NEwalld6.5

SB-31-4

N

SB-31

Silty Clay, Clayey Silt
(Sediments with Low Estimated Permeability)

Clayey Sand, Sandy Clay
(Sediments with Moderate Estimated Permeability)

CL

SC

CL

SC

SC

CL

0ft
1ft

9ft

11ft

18 ft

20.5ft

23.5ft

TD = 28 ft

SB-31-7

SB-31-10

SB-31-15

SB-31-23

SB-31-25

AREA A-NWwalld10.0

AREA A-BotMidd10.0

AREA A-SEwalld6.5

AREA A-NWwalld6.5

TPHg   0.31 mg/Kg 

TPHd   1.8 mg/Kg 
TPHg   0.13 mg/Kg 
TPHd   1.8 mg/Kg
TPHmo   4.7 mg/Kg

TPHg   0.18 mg/Kg 

TPHd   1.7 mg/Kg
TPHmo   4.6 mg/Kg

TPHg   490 mg/Kg 
TPHd     79 mg/Kg
TPHmo  <5 mg/Kg

TPHg   440 mg/Kg 
TPHd     21 mg/Kg
TPHmo   5.7 mg/Kg

03/26/01

03/26/01

TPHg   <1.1 mg/Kg 
TPHd    8.5  mg/Kg
TPHmo  12 mg/Kg

03/26/01

02/23/15

02/23/15

02/23/15
02/23/15

02/23/15

TPHg   180 mg/Kg 
TPHd     20 mg/Kg
TPHmo  <5 mg/Kg

03/26/01

TPHg     80 mg/Kg 
TPHd     49 mg/Kg
TPHmo  36 mg/Kg

03/26/01

TPHg   <0.99 mg/Kg 
TPHd     83 mg/Kg
TPHmo  51 mg/Kg

03/26/01

18 ft Contact  Between Soil Types
with Approximate Depth in Feet

Soil Sample Collected on 03/26/01

Soil Sample Collected on 02/23/15

Legend

W

W

Groundwater Level

TPHg   610 ug/L 
TPHd    800 ug/L
TPHmo  <300 ug/L

03/26/01

Water Sample Collected on 03/26/01



BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

5
AREA "B" EXCAVATION DIAGRAM 

AND  SOIL SAMPLE LOCATIONS (2001 AND 2015)
WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 4

License No. 843074

Phone (408) 287-2175

SB-36-4

SB-36

Silty Clay, Clayey Silt
(Sediments with Low Estimated Permeability)

CL

CL

SC

CL

0ft
1ft

24.5ft

TD = 28 ft

SB-36-10

SB-36-15

SB-36-25

TPHd   1.7 mg/Kg
TPHmo   10 mg/Kg

TPHg   <0.94 mg/Kg 
TPHd    160 mg/Kg
TPHmo  630 mg/Kg

03/22/01

02/23/15

TPHg   0.99 mg/Kg 
TPHd     17 mg/Kg
TPHmo  <5.0 mg/Kg

03/22/01

TPHg     <1.0 mg/Kg 
TPHd     21 mg/Kg
TPHmo  <5.0 mg/Kg

03/22/01

 6 ft Contact  Between Soil Types
with Approximate Depth in Feet

Soil Sample Collected on 03/22/01

Soil Sample Collected on 02/23/15

Legend

W

W

TPHg   <50 ug/L 
TPHd    73 ug/L
TPHmo  <300 ug/L

03/22/01Water Sample Collected on 03/22/01

10 ft

10 ft

5 ftAREA B-SWwalld4.0

N

AREA B-SEwalld4.0

AREA B-BotMidd5.0

4 ft AREA B-NEwalld4.0

AREA B-NWwalld4.0

2 ft

6 ft

TPHg   <1.0 mg/Kg 
TPHd     23 mg/Kg
TPHmo  <5.0 mg/Kg

03/22/01
SB-36-5.5

TPHg   <0.99 mg/Kg 
TPHd     20 mg/Kg
TPHmo  <5.0 mg/Kg

03/22/01

DEPTH OF WATER
SAMPLE NOT REPORTEDML

ALL LOCATIONS ARE APPROXIMATE.

SOIL SAMPLES COLLECTED ON
02/23/15 WITHOUT LABORATORY
RESULTS SHOWN ON THIS DRAWING
WERE BELOW LABORATORY
REPORTING LIMITS

Clayey Sand, Sandy Clay
(Sediments with Moderate Estimated Permeability)



BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

6
AREA "C" EXCAVATION DIAGRAM 

AND  SOIL SAMPLE LOCATIONS (2001 AND 2015)
WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 6

License No. 843074

Phone (408) 287-2175

Silty Clay, Clayey Silt
(Sediments with Low Estimated Permeability)

ML

SC

CL

23 ft

TD = 25 ft

SB-77-10

SB-77-15

SB-77-25

TPHg   <1.0 mg/Kg 
TPHd    270 mg/Kg
TPHmo  2,200 mg/Kg

03/30/01

TPHg   0.92 mg/Kg 
TPHd     1.9 mg/Kg
TPHmo  <5.0 mg/Kg

03/30/01

TPHg     <0.96 mg/Kg 
TPHd     1.9 mg/Kg
TPHmo  <5.0 mg/Kg

03/30/01

 8 ft Contact  Between Soil Types
with Approximate Depth in Feet

Soil Sample Collected on 03/22/01

Soil Sample Collected on 02/23/15

Legend

WW

TPHg   <50 ug/L 
TPHd    52 ug/L
TPHmo  <300 ug/L

03/30/01

Water Sample Collected on 03/22/01

TPHg   <0.99 mg/Kg 
TPHd     22 mg/Kg
TPHmo  <5.0 mg/Kg

03/30/01

DEPTH OF WATER
SAMPLE NOT REPORTED

ALL LOCATIONS ARE APPROXIMATE.

SOIL SAMPLES COLLECTED ON
02/23/15 WITHOUT LABORATORY
RESULTS SHOWN ON THIS DRAWING
WERE BELOW LABORATORY
REPORTING LIMITS

Clayey Sand, Sandy Clay
(Sediments with Moderate Estimated Permeability)

SB-77-20

10 ft

10 ft

5 ft

N

AREA C-SEwalld4.0

AREA C-NWwalld4.0

AREA C-BotMidd5.0

4 ft AREA C-NEwalld4.0

TPHg     <0.91 mg/Kg 
TPHd     11 mg/Kg
TPHmo  <5.0 mg/Kg

03/30/01

SB-77-4

SB-77

CL

0ft
1ft

AREA C-SWwalld4.0

8 ft

10.5 ft

SAMPLES COLLECTED ON
2/23/15 WERE ALL BELOW
LABORATORY DETECTION
LIMITS -- SEE FIGURE 1A



BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

7
AREA "D" EXCAVATION DIAGRAM 

AND  SOIL SAMPLE LOCATIONS (2001 AND 2015)
WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 7

ALL LOCATIONS ARE APPROXIMATE.

SOIL SAMPLES COLLECTED ON
02/23/15 WITHOUT LABORATORY
RESULTS SHOWN ON THIS DRAWING
WERE BELOW LABORATORY
REPORTING LIMITS

License No. 843074

Phone (408) 287-2175

Silty Clay, Clayey Silt
(Sediments with Low Estimated Permeability)

Clayey Sand, Sandy Clay
(Sediments with Moderate Estimated Permeability)

SM

CL

20ft

24 ft

TD = 28 ft

SB-22-15

SB-22-21

TPHd   2.3 mg/Kg
TPHmo   3.8 mg/Kg

TPHg   <1.1 mg/Kg 
TPHd    970 mg/Kg
TPHmo  490 mg/Kg

04/04/01

TPHg   <1.0 mg/Kg 
TPHd    220  mg/Kg
TPHmo 1,300 mg/Kg

04/04/01

02/23/15

TPHg   <1.1 mg/Kg 
TPHd     7.0 mg/Kg
TPHmo  <5 mg/Kg

04/04/01

TPHg     2.5 mg/Kg 
TPHd     14 mg/Kg
TPHmo  13 mg/Kg

04/04/01

18 ft Contact  Between Soil Types
with Approximate Depth in Feet

Soil Sample Collected on 03/26/01

Soil Sample Collected on 02/23/15

Legend

WW

Groundwater Level
TPHg   <50 ug/L 
TPHd    110 ug/L
TPHmo  <300 ug/L

04/04/01Water Sample Collected on 03/26/01

10 ft

10 ft

10 ft

ARED D-NEwalld5.0

10 ft

AREA D-NWwalld5.0

AREA D-SEwalld5.0

N

SB-22

SB-22-10

SB-22-5

SB-22-2

TPHg   <1.0 mg/Kg 
TPHd     600 mg/Kg
TPHmo   300 mg/Kg

04/04/01

AREA D-BotMidd10.0

0ft

1ft
CONCRETE

3ft

17 ft

27 ft

12 ft

14 ft
SM

CL

CL

SC

NO RECOVERY

NO RECOVERY

AREA D-SWwalld5.0



BATARSE PROPERTY
10550 INDUSTRIAL AVENUE

OAKLAND, CALIFORNIA

FIGURE

8
AREA "E" EXCAVATION DIAGRAM 

AND  SOIL SAMPLE LOCATIONS (2001 AND 2015)
WellTest, Inc.
P.O. Box 8548
San Jose, CA  95155

File: 4409/Figure 8

ALL LOCATIONS ARE APPROXIMATE.

SOIL SAMPLES COLLECTED ON
02/23/15 WITHOUT LABORATORY
RESULTS SHOWN ON THIS DRAWING
WERE BELOW LABORATORY
REPORTING LIMITS

License No. 843074

Phone (408) 287-2175

Silty Clay, Clayey Silt
(Sediments with Low Estimated Permeability)

Clayey Sand, Sandy Clay
(Sediments with Moderate Estimated Permeability)

20ft

TD = 28 ft

SB-23-15

SB-23-21

Arsenic   0.52 mg/Kg 
Zinc         400  mg/Kg

04/04/01

02/23/15

18 ft Contact  Between Soil Types
with Approximate Depth in Feet

Soil Sample Collected on 03/26/01

Soil Sample Collected on 02/23/15

Legend

W

Groundwater Level
TPHg   <50 ug/L 
TPHd    110 ug/L
TPHmo  <300 ug/L

04/04/01Water Sample Collected on 03/26/01

N

10 ft

10 ft

4 ft

AREA E-NEwalld2.0

AREA E-SEwalld2.0

SB-23

SB-23-11

SB-23-5

SB-23-2

Arsenic   2.1 mg/Kg 
Zinc         23  mg/Kg

04/04/01

Arsenic   4.5 mg/Kg 
Zinc         40  mg/Kg

04/04/01

Arsenic   3.5 mg/Kg 
Zinc         44  mg/Kg

04/04/01

Arsenic   4.8 mg/Kg 
Zinc         120  mg/Kg

04/04/01

Arsenic   4.1 mg/Kg 

Arsenic   4.3 mg/Kg 

Arsenic   4.2 mg/Kg 

Arsenic   4.3 mg/Kg 

Arsenic   4.2 mg/Kg 

AREA E-BotMidd4.0

AREA E-NWwalld2.0

27 ft

10.5 ft
SM

CL

CL

SP

AREA E-SWwalld2.0

18 ft

11 ft

18.5 ft

SC

SP

CL

21 ft

CL

0ft

FILL1 ft
0 ft

W

02/23/15

02/23/15

02/23/15

02/23/15



Batarse Property
Oakland, CA

Project # 4409

Sample TPHg TPHd TPHmo B T E X MtBE
Depth (ft.) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)

AREA A-NEwalld6.5 6.5 02/23/15 ND<0.20 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-NEwalld10.0 10.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-NWwalld6.5 6.5 02/23/15 0.31 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-NWwalld10.0 10.0 02/23/15 ND<2.0 1.8 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-SWwalld6.5 6.5 02/23/15 0.13 1.8 4.7 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005

AREA A-SWwalld10.0 10.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-SEwalld6.5 6.5 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-SEwalld10.0 10.0 02/23/15 0.18 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA A-BotMidd10.0 10.0 02/23/15 ND<2.0 1.7 4.6 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005

AREA B-NWwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA B-NEwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA B-SWwalld4.0 4.0 02/23/15 ND<1.0 1.7 10 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA B-SEwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA B-BotMidd5.0 5.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025

AREA C-NWwalld4.0 4.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA C-NEwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA C-SWwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA C-SEwalld4.0 4.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA C-BotMidd5.0 5.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025

AREA D-NWwalld5.0 5.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA D-NEwalld5.0 5.0 02/23/15 ND<1.0 2.3 3.8 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
AREA D-SWwalld5.0 5.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005
AREA D-SEwalld5.0 5.0 02/23/15 ND<2.0 ND<2.0 ND<10.0 ND<0.005 ND<0.005 ND<0.005 ND<0.010 ND<0.005

AREA D-BotMidd10.0 10.0 02/23/15 ND<1.0 ND<2.0 ND<10.0 ND<0.025 ND<0.025 ND<0.025 ND<0.050 ND<0.025
100 100 500 0.044 2.9 3.3 2.3 0.023
500 500 2,500 0.044 2.9 3.3 2.3 0.023
NA NA NA 1.900 NA 21 NA NA

Notes:

<0.5 / ND = Not present at or above reporting detection limit
mg/Kg = micrograms per kilogram = parts per million = ppm
ESLs = Environmental Screening Levels shallow soil (potential  source of drinking water): Summary Table A, May 2013
TPHg =Total Petroleum Hydrocarbons as gasoline
TPHd = Total Petroleum Hydrocarbons as diesel (with Silica Gel cleanup)
TPHmo = Total Poetroleum Hydrocarbons as moto oil (with Silica Gel Cleanup)
B = Benzene T = Toluene
E = Ethylbenzene X = Xylenes (total)
MtBE = Methyl t-butyl ether LTCP = Low Threat Closure Policy

Residential LTCP (0 to 5 ft)

Residential ESL
Comm./Industrial ESL

TABLE 1A
SUMMARY OF CURRENT HYDROCARBON SOIL ANALYTICAL DATA

10550 INTERNATIONAL BLVD. AND 1424 & 1560 105th AVE.
OAKLAND, CALIFORNIA

Sample ID Sample 
Date

BATARSE PROPERTY

Table 1A



Batarse Property
Oakland, CA

Project # 4409

Sample Lead Arsenic Chrom VI Total Chrom Zinc
Depth (ft.) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)

AREA A-NEwalld6.5 6.5 02/23/15 7.3 --- --- --- ---
AREA A-NEwalld10.0 10.0 02/23/15 8.3 --- --- --- ---
AREA A-NWwalld6.5 6.5 02/23/15 8.8 --- --- --- ---

AREA A-NWwalld10.0 10.0 02/23/15 8.0 --- --- --- ---
AREA A-SWwalld6.5 6.5 02/23/15 7.6 --- --- --- ---

AREA A-SWwalld10.0 10.0 02/23/15 7.8 --- --- --- ---
AREA A-SEwalld6.5 6.5 02/23/15 7.8 --- --- --- ---

AREA A-SEwalld10.0 10.0 02/23/15 8.1 --- --- --- ---
AREA A-BotMidd10.0 10.0 02/23/15 8.6 --- --- --- ---

AREA E-NEwalld2.0 2.0 02/23/15 66 4.1 --- --- 100
AREA E-NWwalld2.0 2.0 02/23/15 14 4.3 --- --- 78
AREA E-SWwalld2.0 2.0 02/23/15 11 4.2 --- --- 43
AREA E-SEwalld2.0 2.0 02/23/15 25 4.3 --- --- 70
AREA E-BotMidd4.0 4.0 02/23/15 6.9 4.2 --- --- 43

AREA 4-B-1d3.0 3.0 02/23/15 --- --- 0.88 32 ---
80 0 39 8 0 NA 600Residential ESL

TABLE 1B
SUMMARY OF CURRENT METALS SOIL ANALYTICAL DATA

BATARSE PROPERTY
10550 INTERNATIONAL BLVD. AND 1424 & 1560 105th AVE.

OAKLAND, CALIFORNIA
Sample ID Sample 

Date

80 0.39 8.0 NA 600
320 0.96 8.0 NA 600
150 0.07 17 NA 23,000

3500 0.24 37 NA 100,000
Notes:

 ‐‐‐ = Parameter not analyzed
<0.5 / ND = Not present at or above reporting detection limit
mg/Kg = micrograms per kilogram = parts per million = ppm
ESLs = Environmental Screening Levels shallow soil (potential  source of drinking water): Summary Table A, May 2013
CHHSL  California Human Health Screening Level ‐ January 2005.

Residential ESL
Comm./Industrial ESL

Residential CHHSL
Comm./Industrial CHHSL

Table 1B



ATTACHMENT 1 
 

DG Group Structural Submittal 
 



 

430 East State Street, Ste. 100 ● Eagle, ID 83616 ● 208-908-4871 ● 208-392-1269 Fax 
Licensed Architect: Idaho ● Utah ● Nevada ● Wyoming ● Montana ● Washington ●Oregon ● California ● Hawaii ● Alaska Arizona ● Colorado 

● South Dakota● North Dakota ● Louisiana ● U.S. Virgin Islands ● New Mexico 

 

March 13, 2015 
 

 
 

Alameda County Health Care Services Agency 

Department of Health Services 
1131 Harbor Bay Parkway 

Alameda, CA 94502 
 

Attn: Mark Detterman 

 
Subject:  Batarse Property; case file RO0003151 

 
Dear Mr. Detterman 

 
 Re:  Oakland CA.  International Blvd Apartments 

 

This letter is in reference to that certain proposed apartment project located in the City of Oakland on 
International Blvd. and 105th Street.  The project will have approximately 4 elevators.  The elevator “pit” will be 

submerged up to 4 feet below the existing grade with a complete concrete encasement.  No area of the area 
below grade will have access to soils.  These “pits” will be the only part of the project that will be built below 

grade. 

 
Should you have any questions please do not hesitate to contact me.   

 
 

Sincerely, 

 
Douglas L. Gibson, A.I.A. 
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3.1  Characterization of Source Emissions 
 

Heavy construction is a source of dust emissions that may have a substantial 
temporary impact on local air quality.  Building and road construction are two examples 
of construction activities with high emissions potential.  Emissions during the 
construction of a building or road can be associated with land clearing, drilling and 
blasting, ground excavation, cut and fill operations (i.e., earth moving), and construction 
of a particular building or road.  Dust emissions often vary substantially from day to day, 
depending on the level of activity, the specific operations, and the prevailing 
meteorological conditions.  A large portion of the emissions results from construction 
vehicle traffic over temporary roads at the construction site. 
 

The temporary nature of construction differentiates it from other fugitive dust 
sources as to estimation and control of emissions.  Construction consists of a series of 
different operations, each with its own duration and potential for dust generation.  In 
other words, emissions from any single construction site can be expected (1) to have a 
definable beginning and an end, and (2) to vary substantially over different phases of the 
construction process.  This is in contrast to most other fugitive dust sources where 
emissions are either relatively steady or follow a discernable annual cycle.  Furthermore, 
there is often a need to estimate areawide construction emissions without regard to the 
actual plans of any individual construction project.  For these reasons, methods by which 
either areawide or site-specific emissions may be estimated are presented below. 
 

The quantity of dust emissions from construction operations is proportional to the 
area of land being worked and to the level of construction activity.  By analogy to the 
parameter dependence observed for other similar fugitive dust sources, one can expect 
emissions from construction operations to be positively correlated with the silt content of 
the soil (i.e., particles smaller than 75 micrometers [µm] in diameter), as well as with the 
speed and weight of the construction vehicle, and to be negatively correlated with the soil 
moisture content. 
 

Table 3-1 displays the dust sources involved with construction.  In addition to the on-
site activities shown in Table 3-1, substantial emissions are possible because of material 
tracked out from the site and deposited on adjacent paved streets.  Because all traffic 
passing the site (i.e., not just that associated with the construction) can resuspend the 
deposited material, this “secondary” source of emissions may be far more important than 
all the dust sources located within the construction site.  Furthermore, this secondary 
source will be present during all construction operations.  Persons developing 
construction site emission estimates must consider the potential for increased adjacent 
emissions from off-site paved roadways (see Chapter 5).  High wind events also can lead 
to emissions from cleared land and material stockpiles.  Chapters 8 and 9 present 
estimation methodologies that can be used for such sources at construction sites. 
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Table 3-1.  Emission Sources for Construction Operations 
Construction phase Dust-generating activities 

I. Demolition and debris removal 1.  Demolition of buildings or other (natural) 
obstacles such as trees, boulders, etc. 

a. Mechanical dismemberment 
(“headache ball”) of existing structures 
b. Implosion of existing structures 
c. Drilling and blasting of soil 
d. General land clearing 

2.  Loading of debris into trucks 
3.  Truck transport of debris 
4.  Truck unloading of debris 

II. Site Preparation  
(earth moving) 

1. Bulldozing 
2. Scrapers unloading topsoil 
3. Scrapers in travel 
4. Scrapers removing topsoil 
5. Loading of excavated material into trucks 
6. Truck dumping of fill material, road base, 

or other materials 
7. Compacting 
8. Motor grading 

III. General Construction 1. Vehicular Traffic 
2. Portable plants 

a. Crushing 
b. Screening 
c. Material transfers 

3. Other operations 
 
3.2  Emissions Estimation:  Primary Methodology1-6 

 
 

 
 
 
 
 
 
 
 
 

3.2.1  PM Emissions from Construction 
 
Construction emissions can be estimated when two basic construction parameters are 

known:  the acres of land disturbed by the construction activity, and the duration of the 
activity.  A general emission factor for all types of construction activity is 0.11 tons 
PM10/acre-month and is based on a 1996 BACM study conducted by Midwest Research 
(MRI) Institute for the California South Coast Air Quality Management District 
(SCAQMD).3  The single composite factor of 0.11 tons PM10/acre-month assumes that 
all construction activity produces the same amount of dust on a per acre basis.  In other 
words, the amount of dust produced is not dependent on the type of construction but 
merely on the area of land being disturbed by the construction activity.  A second 

This section was adapted from:  Estimating Particulate Matter Emissions 
from Construction Operations, report prepared for USEPA by Midwest 
Research Institute dated September 15, 1999.1   
 
Note that AP-42 Section 13.2.3, “Heavy Construction Operations,” was not 
adopted for the primary emission estimation methodology because it relies 
on a single-valued emission factor for TSP of 1.2 tons/acre-month based on 
only one set of field tests.2 
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assumption is that land affected by construction activity does not involve large-scale cut 
and fill operations.  Factors for the conversion of dollars spent on construction to acreage 
disturbed, along with the estimates for the duration of construction activity, were 
originally developed by MRI in 1974.4 

 
Separate emission factors segregated by type of construction activity provide better 

estimates of PM10 emissions that are more accurate estimate than are obtained using a 
general emission factor.  The factors from the 1996 MRI BACM study3 are summarized 
in Table 3-2.  Specific emission factors and activity levels for residential, nonresidential, 
and road construction activities are described below. 
 

Table 3-2.  Recommended PM10 Emission Factors for Construction Operations1 

Basis for emission factor Recommended PM10 emission factor 

Level 1 
Only area and duration known 

0.11 ton/acre-month (average conditions) 
0.42 ton/acre-month (worst-case conditions)a 

Level 2 
Amount of earth moving known, in 
addition to total project area and 
duration 

0.011 ton/acre-month for general construction 
(for each month of construction activity) 

plus 
0.059 ton/1,000 cubic yards for on-site cut/fillb 
0.22 ton/1,000 cubic yards for off-site cut/fillb 

Level 3 
More detailed information available 
on duration of earth moving and other 
material movement 

0.13 lb/acre-work hr for general construction 
plus 

49 lb/scraper-hr for on-site haulagec 
94 lb/hr for off-site haulaged 

Level 4 
Detailed information on number of 
units and travel distances available 

0.13 lb/acre-work hr for general construction 
plus 

0.21 lb/ton-mile for on-site haulage 
0.62 lb/ton-mile for off-site haulagec 

a Worst-case refers to construction sites with active large-scale earth moving operations. 
b These values are based on assumptions that one scraper can move 70,000 cubic yards of 

earth in one month and one truck can move 35,000 cubic yards of material in one month.  If 
the on-site/off-site fraction is not known, assume 100% on-site. 

c If the number of scrapers in use is not knows, MRI recommends that a default value of 4 be 
used.  In addition, if the actual capacity of earth moving units is known, the user is directed 
to use the following emission rates in units of lb/scraper-hour for different capacity scrapers: 
19 for 10 yd3 scraper, 45 for 20 yd3 scraper, 49 for 30 yd3 scraper, and 84 for 45 yd3 scraper.

d Factor for use with over-the-road trucks.  If “off-highway” or “haul” trucks are used, haulage 
should be considered “on-site.” 

 
3.2.2  Residential Construction 
 

Residential construction emissions can be calculated for three basic types of 
residential construction: 
 

•  Single-family houses 
•  Two-family houses 
•  Apartment buildings 
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Housing construction emissions are calculated using an emission factor of 0.032 tons 
PM10/acre-month.  Also required are:  the number of housing units created, a units-to-
acres conversion factor, and the duration of construction activity.  The formula for 
calculating emissions from residential construction is: 
 

Emissions = (0.032 tons PM10/acre-month)  B  x  f  x  m 
 
where, B = the number of houses constructed 
 f  = building to acres conversion factor 
 m = the duration of construction activity in months 
 
Following the California methodology, residential construction acreage is based on the 
number of housing units constructed rather than the dollar value of construction. 
 

An alternative methodology is recommended for residential construction in areas in 
which basements are constructed or the amount of dirt moved at a residential construction 
site is known.  The F.W. Dodge reports (www. fwdodge.com/newdodgenews.asp) give 
the total square footage of homes for both single-family and two-family homes.  These 
values can be used to estimate the volume in cubic yards of dirt moved.  Multiplying the 
total square footage of the homes by an average basement depth of 8 ft, and adding 10% 
additional volume to account for peripheral dirt removed for footings, space around the 
footings, and other backfilled areas adjacent to the basement, produces an estimate of the 
total volume in cubic yards of earth moved during residential construction. 
 

The information needed to determine activity levels of residential construction may 
be based either on the dollar value of construction or the number of housing units 
constructed.  Construction costs vary throughout the United States.  The average home 
cost can vary from the low to upper $100,000s depending on where the home is located 
in the United States.  Because residential construction characteristics do not show as 
much variance as the cost does, the number of units constructed is a better indicator of 
activity level.  The amount of land impacted by residential construction is determined to 
be about the same on a per house basis.  The number of housing units for the three types 
of residential construction (single family, two-family, and apartments) for a county or 
state are available from the F.W. Dodge’s “Dodge Local Construction Potentials 
Bulletin.” 
 

A single-family house is estimated to occupy 1/4 acre.  The “building to acres” 
conversion factor for a single-family house was determined by finding the area of the 
base of a home and estimating the area of land affected by grading and other construction 
activities beyond the “footprint” of the house.  The average home is around 2,000 sq. ft.  
Using a conversion factor of 1/4 acre/house indicates that five times the base of the house 
is affected by the construction of the home.  The “building to acres” conversion factor for 
two-family housing was found to be 1/3 acre per building.  The 1/3 acre was derived 
from the average square footage of a two-family home (approximately 3,500 sq. ft.) and 
the land affected beyond the base of the house, about 4 times the base for two-family 
residences. 
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For comparison purposes, residential construction emission factor calculations are 

calculated below for BACM Level 1 and Level 2 scenarios.  The PM10 construction 
emission factor for one single-family home is based on typical parameters for a single-
family home: 
 

•  area of land disturbed 1/4 acre 
•  area of home 2,000 sq. ft. 
•  duration 6 months 
•  basement depth 8 ft. 
•  moisture level 6% 
•  silt content 8% 

 
The BACM Level 1 emission calculation is estimated as follows: 
 

0.032 tons PM10/acre-month x 1/4 acre x 6 months = 0.048 tons PM10 = 96 lb PM10 
 
The BACM Level 2 emission calculation is estimated as follows: 
 
Cubic yards of dirt moved = 2,000 ft2 x 8 ft. x 110% = 17,600 ft3 = 652 yd3 

PM10 = (0.011 tons/acre-month x 1/4 acre x 6 months) + (0.059 tons/1000 yd3 dirt x 652 yd3 dirt) 
= 0.016 tons + 0.038 tons = 0.0545 tons PM10 = 109 lb PM10 

 
The emission factor recommended for the construction of apartment buildings is 

0.11 tons PM10/acre-month because apartment construction does not normally involve a 
large amount of cut-and-fill operations.  Apartment buildings vary in size, number of 
units, square footage per unit, floors, and many other characteristics.  Because of these 
variations and the fact that most apartment buildings occupy a variable amount of space, 
a “dollars-to-acres” conversion is recommended for apartment building construction 
rather than a “building-to-acres” conversion factor.  An estimate of 1.5 acres/$106 (in 
2004 dollar value) is recommended to determine the acres of land disturbed by the 
construction of apartments.  This “dollars-to-acres” conversion factor is based on 
updating previous conversion factors developed by MRI4, 5 using cost of living 
adjustment factors. 
 
3.2.3  Nonresidential Construction 
 

Nonresidential construction includes building construction (commercial, industrial, 
institutional, governmental) and also public works.  The emissions produced from the 
construction of nonresidential buildings are calculated using the dollar value of the 
construction.  The formula for calculating the emissions from nonresidential construction 
is: 
 

PM10 Emissions = (0.19 tons PM10/acre-month)  x  $  x  f  x  m 
 
where, $ = dollars spent on nonresidential construction in millions 
 f = dollars to acres conversion factor 
 m = duration of construction activity in months 
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The emission factor of 0.19 tons PM10/acre-month was developed by MRI in 1999 

using a method similar to a procedure originated by Clark County, Nevada and the 
emission factors recommended in the 1996 MRI BACM Report.3  A quarter of all 
nonresidential construction is assumed to involve active earthmoving in which the 
recommended emission factor is 0.42 tons PM10/acre-month.  The 0.19 tons PM10/acre-
month was calculated by taking 1/4 of the heavy emission factor, (0.42 tons PM10/acre-
month) plus 3/4 of the general emission factor (0.11 tons/acre-month).  The 1/4:3/4 
apportionment is based on a detailed analysis of a Phoenix airport construction where 
specific unit operations had been investigated for PM10 emissions.6  The proposed 
emission factor of 0.19 tons/acre-month for nonresidential building construction resulted 
in a total uncontrolled PM10 emissions estimate that was within 25% of that based on a 
detailed unit operation emissions inventory using detailed engineering plans and “unit-
operation” emission factors. 
 

Extensive earthmoving activities will produce higher amounts of PM10 emissions 
than the average construction project.  Thus, a worst-case BACM “heavy construction 
emission factor” of 0.42 tons PM10/acre-month should provide a better emissions 
estimate for areas in which a significant amount of earth is disturbed. 

 
The dollar amount spent on nonresidential construction is available from the U.S. 

Census Bureau (www.census.gov/prod/www/abs/cons-hou), and the Dodge Construction 
Potentials Bulletin (www. fwdodge.com/newdodgenews.asp).  Census data are delineated 
by SIC Code, whereas the Potentials Bulletin divides activity by the types of building 
being constructed rather than by SIC Code.  It is estimated that for every million dollars 
spent on construction (in 2004 dollars), 1.5 acres of land are impacted.  The “dollars to 
acres” conversion factor reflects the current dollar value using the Price and Cost Indices 
for Construction that are available from the Statistical Abstract of the United States, 
published yearly.  The estimate for the duration of nonresidential construction is 
11 months. 
 
3.2.4  Road Construction 
 

Road construction emissions are highly correlated with the amount of earthmoving 
that occurs at a site.  Almost all roadway construction involves extensive earthmoving 
and heavy construction vehicle travel, causing emissions to be higher than found for other 
construction projects.  The PM10 emissions produced by road construction are calculated 
using the BACM recommended emission factor for heavy construction1 and the miles of 
new roadway constructed.  The formula used for calculating roadway construction 
emissions is: 
 

PM10 Emissions = (0.42 tons PM10/acre-month)  x  M  x  f  x  d 
 
where, M = miles of new roadway constructed 
 f = miles to acres conversion factors  
 d = duration of roadway construction activity in months 
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The BACM worst case scenario emission factor of 0.42 tons/acre-month is used to 
account for the large amount of dirt moved during the construction of roadways.  Since 
most road construction consists of grading and leveling the land, the higher emission 
factor more accurately reflects the high level of cut and fill activity that occurs at road 
construction sites. 
 

The miles of new roadway constructed are available at the state level from the 
Highway Statistics book published yearly by the Federal Highway Administration 
(FHWA; www.fhwa.dot.gov/ohim/hs97/hm50.pdf) and the Bureau of Census Statistical 
Abstract of the United States.  The miles of new roadway constructed can be found by 
determining the change in the miles of roadway from the previous year to the current 
year.  The amount of roadway constructed is apportioned from the state to the county 
level using housing start data that is a good indicator of the need for new roads. 

 
The conversion of miles of roadway constructed to the acres of land disturbed is 

based on a method developed by the California Air Resources Board.  This calculation is 
performed by estimating the overall width of the roadway, then multiplying the width by 
a mile to determine the acres affected by one mile of roadway construction.  The 
California “miles to acres disturbed” conversion factors are available for freeway, 
highway and city/county roads.  In the Highway Statistics book, roadways are divided 
into separate functional classes.  MRI developed a “miles-to-acres” conversion factor in 
19991 according to the roadway types found in the “Public Road Length, Miles by 
Functional System” table of the annual Highway Statistics.  The functional classes are 
divided into four groups.  Group 1 includes Interstates and Other Principal Arterial roads 
and is estimated to occupy 15.2 acres/mile.  Group 2 includes Other Freeways and 
Expressways (Urban) and Minor Arterial Roads and is estimated at 12.7 acres/mile.  
Group 3 has Major Collectors (Rural) and Collectors (Urban) and a conversion factor of 
9.8 acres/mile.  Minor Collectors (Rural) and Local roads are included in Group 4 and 
converted at 7.9 acres/mile.  Table 3-3 shows the data used to calculate the acres per mile 
of road constructed. 
 

Table 3-3.  Conversion of Road Miles to Acres Disturbed 
Group 1 Group 2 Group 3 Group 4 

Lane Width (feet) 12 12 12 12 
Number of Lanes 5 5 3 2 
Average Shoulder Width (feet) 10 10 10 8 
Number of Shoulders 4 2 2 2 
Roadway Width* (feet) 100 80 56 40 
Area affected beyond road width 25 25 25 25 
Width Affected (feet) 125 105 81 65 
Acres Affected per Mile of New Roadway 15.2 12.7 9.8 7.9 
*  Roadway Width= (Lane Width x # of Lanes) + (Shoulder Width x # of Shoulders). 

 
The amount of new roadway constructed is available on a yearly basis and the 

duration of the construction activity is determined to be 12 months.  The duration 
accounts for the amount of land affected during that time period and also reflects the fact 
that construction of roads normally lasts longer than a year.  The duration of construction 
of a new roadway is estimated at 12 to 18 months. 
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3.3  Emission Estimation:  Alternate Methodology for Building Construction 
 

 
 
 

 
The building construction dust source category provides estimates of the fugitive 

dust particulate matter caused by construction activities associated with building 
residential, commercial, industrial, institutional, or governmental structures.  The 
emissions result predominantly from site preparation work, which may include scraping, 
grading, loading, digging, compacting, light-duty vehicle travel, and other operations.  
Dust emissions from construction operations are computed by using a PM10 emission 
factor developed by MRI during 1996.3  The emission factor is based on observations of 
construction operations in California and Las Vegas.  Activity data for construction is 
expressed in terms of acre-months of construction.  Acre-months are based on estimates 
of the acres disturbed for residential construction, and project valuation for other non-
residential construction. 
 
3.3.1  Emission Estimation Methodology 
 

Emission Factor.  The PM10 emission factor used for estimating geologic dust 
emissions from building construction activities is based on work performed by MRI3 
under contract to the PM10 Best Available Control Measure (BACM) working group.  
For most parts of the state, the emission factor used is 0.11 tons PM10/acre-month of 
activity.  This emission factor is based on MRI’s observation of the types, quantity, and 
duration of operations at eight construction sites (three in Las Vegas and five in 
California).  The bulk of the operations observed were site preparation-related activities.  
The observed activity data were then combined with operation-specific emission factors 
provided in AP-422 to produce site emissions estimates.  These site estimates were then 
combined to produce the overall average emission factor of 0.11 tons PM10/acre-month.  
The PM2.5/PM10 ratio for fugitive dust from construction and demolition activities is 0.1 
based on the analysis conducted by MRI on behalf of WRAP.7 

 
The construction emission factor is assumed to include the effects of typical control 

measures such as routine watering.  A dust control effectiveness of 50% is assumed from 
these measures, which is based on the estimated control effectiveness of watering.8  
Therefore, if this emission factor is used for construction activities where watering is not 
used, it should be doubled to more accurately reflect the actual emissions.  The MRI 
document3 lists their average emission factor values as uncontrolled.  However, it can be 
argued that the activities observed and the emission estimates do include the residual 
effects of control.  All of the test sites observed were actual operations that used watering 
controls as part of their standard industry practice in California and Las Vegas.  So, even 
if in some cases watering was not performed during MRI’s actual site visits, the residual 
decreases in emissions from the watering controls and raising the soil moisture are 
included in the MRI estimates. 

 

This section was adapted from Section 7.7 of CARB’s Emission Inventory 
Methodology.  Section 7.7 was last updated in September 2002. 
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The 1996 MRI report3 also includes an emission factor for worst-case emissions of 
0.42 tons PM10/acre-month.  This emission factor is appropriate for large-scale 
construction operations, which involve substantial earthmoving operations.  The South 
Coast Air Quality Management District (SCAQMD) estimated that 25% of their 
construction projects involve these types of operations.  For the remainder of the state, 
such detailed information is not readily available, so the average emission factor of 0.11 
tons PM10/acre-month is used by CARB for these other areas of California.. 

 
Activity Data.  For the purpose of estimating emissions, it is assumed that the 

fugitive dust emissions are related to the acreage affected by construction.  Because 
regionwide estimates of the acreage under construction may not be directly available, 
other construction activity data can be used to derive acreage estimates.  Activity data are 
estimated separately for residential construction and the other types of construction 
(commercial, industrial, institutional, and governmental). 

 
For residential construction, the number of new housing units estimated by the 

California Department of Finance9 are used to estimate acreage disturbed.  It is estimated 
that single family houses are built on 1/7 of an acre in heavily populated counties, and 1/5 
of an acre in less populated counties.10-12  It is also estimated that multiple living units 
such as apartments occupy 1/20 of an acre per living unit.  For all of these residential 
construction activities, a project duration of 6 months is assumed.10  Applying these 
factors to the reported number of new units in each county results in an estimate of acre-
months of construction.  This estimate of acre-months of construction combined with the 
construction emission factor is used to estimate residential construction particulate 
emissions. 

 
For commercial, industrial, and institutional building construction, construction 

acreage is based on project valuations.  Project valuations for additions and alterations are 
not included.  According to the Construction Industry Research Board,13 most additions 
and alterations would be modifications within the existing structure and normally would 
not include the use of large earthmoving equipment.  Most horizontal additions would 
usually be issued a new building permit.  The valuations are 3.7, 4.0 and 4.4 acres per 
million dollars of valuation for the respective construction types listed.12  Valuations 
were corrected from 1999 values to 1977 values using the Annual Average Consumer 
Price Index (CPI-U-RS) provided by the U.S. Census Bureau.14  The Census Bureau uses 
the Bureau of Labor Statistics’ experimental Consumer Price Index (CPI-U-RS) for 1977 
through 2000.15  Valuations were corrected from 1999 values to 1977 values because the 
acres per dollar valuation values are based on 1977 valuations.  For example, the CPI-U-
RS for 1999 is 244.1 and the CPI-U-RS for 1977 is 100.0.  The ratio of 1977 to 1999 
dollars is 100.0/244.1 or 0.41.  Inflation from 1999 to 2004 is estimated to be 12%.  Thus, 
updating the 1977 valuation results to 2004 dollars produces a ratio of 1977 to 2004 
dollars of 0.41/1.12 or 0.37.  CARB assumes that each acre is under construction for 11 
months for each project type.10 
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3.3.2  Assumptions and Limitations 
 

1. The current methodology assumes that all construction operations in all parts of 
the state emit the same levels of PM10 on a per acre basis. 

2. It is assumed that watering techniques are used statewide, reducing emissions by 
50% and making it valid to apply the MRI emission factor without correction. 

3. The methodology assumes that valuation is proportional to acreage disturbed, 
even for high-rise type building construction. 

4. The methodology assumes that construction dust emissions are directly 
proportional to the number of acres disturbed during construction. 

5. The estimates of acreage disturbed are limited in their accuracy.  New housing 
units and project valuations do not provide direct estimates of actual acreage 
disturbed by construction operations in each county. 

6. The methodology assumes that the Consumer Price Index (CPI-U-RS) provides 
an accurate estimate of 1977 and current values. 

 
3.3.3  Temporal Activity 
 

The temporal activity is assumed to occur five days a week between the hours of 
8:00 AM and 4:00 PM.  The table below shows the percentage of construction activity 
that is estimated to occur during each month.  The monthly activity increases during the 
spring and summer months.  Some districts may use a different profile that has a larger 
peak during the summer months. 

 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
6.4 6.4 8.3 9.2 9.2 9.2 9.2 9.2 9.2 8.3 8.3 7.3 

 
3.4  Emission Estimation:  Alternate Methodology for Road Construction 
 

 
 
 
 

The road construction dust source category provides estimates of the fugitive dust 
particulate matter due to construction activities while building roads.  The emissions 
result from site preparation work that may include scraping, grading, loading, digging, 
compacting, light-duty vehicle travel, and other operations.  Dust emissions from road 
construction operations are computed by using a PM10 emission factor developed by 
MRI.3  The emission factor is based on observations of construction operations in 
California and Las Vegas.  Activity data for road construction is expressed in terms of 
acre-months of construction.  Acre-months are based on estimates of the acres disturbed 
for road construction.  The acres disturbed are computed based on:  estimates of the 
annual difference in road mileage; estimates of road width (to compute acres disturbed); 
and an assumption of 18 months as the typical project duration. 

This section was adapted from Section 7.8 of CARB’s Emission Inventory 
Methodology.  Section 7.8 was last updated in August 1997. 
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3.4.1  Emissions Estimation Methodology 
 

Emission Factor.  The PM10 emission factor used for estimating geologic dust 
emissions from road construction activities is based on work performed by MRI under 
contract to the PM10 Best Available Control Measure working group.3  For most parts of 
the State, the emission factor used is 0.11 tons PM10/acre-month of activity.  This 
emission factor is based on MRI’s observation of the types, quantity, and duration of 
operations at eight construction sites (three in Las Vegas, and five in California).  The 
bulk of the operations observed were site preparation related activities.  The observed 
activity data were then combined with operation specific emission factors provided in 
U.S. EPA’s AP-42 (5th Edition)2 document to produce site emissions estimates.  These 
site estimates were then combined to produce the overall average emission factor of 
0.11 tons PM10/acre-month.  The PM2.5/PM10 ratio for fugitive dust from construction 
and demolition activities is 0.1 based on the analysis conducted by MRI on behalf of 
WRAP.7 

 
The construction emission factor is assumed to include the effects of routine dust 

suppression measures such as watering.  A dust control effectiveness of 50% is assumed 
from these measures, which is based on the estimated control effectiveness of watering.8  
Therefore, if this emission factor is used for road construction activities where watering is 
not used, it should be doubled to more accurately reflect the actual emissions.  The MRI 
document3 lists their average emission factor values as uncontrolled.  However, it can be 
argued that the activities do include the effects of controls.  All of the test sites were 
actual operations that used watering controls, even if in some cases they were not used 
during the actual site visits.  It is believed that the residual effects of controls are reflected 
in the MRI emission estimates. 

 
The MRI report3 also includes an emission factor for worst-case construction 

emissions of 0.42 tons of PM10/acre-month.  This emission factor is appropriate for large 
scale construction operations that involve substantial earthmoving operations.  The South 
Coast Air Quality Management District (SCAQMD) estimated that a percentage of their 
construction projects involve these types of operations, and applied the larger emission 
factor to these activities.  For the remainder of the state, such detailed information is not 
readily available, so the average emission factor of 0.11 tons PM10 per acre-month is 
used by CARB. 

 
Activity Data.  For the purpose of estimating emissions, it is assumed that the 

fugitive dust emissions are related to the acreage affected by construction.  Regionwide 
estimates of the acreage disturbed by roadway construction may not be directly available.  
Therefore, the miles of road built and the acreage disturbed per mile of construction can 
be used to estimate the overall acreage disturbed. 

 
The miles of road built are based on the annual difference in the road mileage.  These 

data, from the California Department of Finance9 and Caltrans16, are split for each county 
into freeways, state highways, and city and county road.  The acreage of land disturbed 
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per mile of road construction is based on the number of lanes, lane width, and shoulder 
width for each listed road type.  The assumptions used are provided in Table 3-4.  
Because most projects will probably also disturb land outside of the immediate roadway 
corridor, these acreage estimates are somewhat conservative. 

 
The final parameter needed is project duration, which is assumed to be an average of 

18 months.10  Multiplying the road mileage built by the acres per mile and the months of 
construction provides the acre-months of activity for road building construction.  This, 
multiplied by the emission factor, provides the emissions estimate. 

 
Table 3-4.  Roadway Acres per Mile of Construction Estimates 

Road Type Freeway Highway City & County 
Number of Lanes 5 5 2 

Width per Lane (feet) 12 12 12 

Shoulder Width (feet) 10'x4 = 40' 20'x2 = 40' 20'x2 = 40' 

Roadway Width* (feet) 100 76 64 

Roadway Width* (miles) 0.019 0.014 0.012 

Area per Mile** (acres) 12.1 9.2 7.8 
*Roadway Width (miles) = [(Lanes x Width per Lane) + Shoulder Width] x (1 mile/5,280 feet) 
**Area per Mile (acres) = Length x Width = 1 Mile x Width x 640 acres/mile2 

 
3.4.2  Temporal Activity 
 

Temporal activity is assumed to occur five days a week between the hours of 8 AM 
and 4 PM.  The table below shows the percentage of construction activity that is 
estimated to occur during each month.  The monthly activity increases during the spring 
and summer months as shown below.  Some districts use a slightly different profile that 
has a larger peak during the summer months. 

 
ALL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
100 7.7 7.7 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 7.7 

 
3.4.3  Assumptions and Limitations 
 

1. The current methodology assumes that all construction operations in all parts of 
the state emit the same levels of PM10 on a per acre basis. 

2. It is assumed that watering techniques are used statewide, reducing emissions by 
50% and making it valid to apply the MRI emission factor without correction. 

3. The methodology assumes that the acreage disturbed per mile for road building 
is similar statewide, and the overall disturbed acreage is approximately the same 
as the finished roadway’s footprint. 

4. The methodology assumes that construction dust emissions are directly 
proportional to the number of acres disturbed during construction. 
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3.5  Supplemental Emission Factors 
 

AP-42 lists uncontrolled TSP emission factors for specific activities at construction 
sites.2  These TSP emission factors as well as references to the relevant chapters of this 
handbook that provide PM10 and/or TSP emission factors for similar activities are 
presented in Table 3-5. 

 
Table 3-5.  TSP Emission Factors for Specific Construction Site Activities 
Construction 
Phase 

Activity TSP Emission 
Factor* 

Drilling soil 1.3 lb/hole 
Land clearing with bulldozer 5.7 (s)1.2 / M1.3 lb/hr 
Loading debris into trucks and 
subsequent unloading 

See Chapter 4 

Demolition and 
Debris Removal 

Truck transport of debris on paved 
or unpaved roads 

See Chapters 5 and 6 

Bulldozing and compacting 5.7 (s)1.2 / M1.3 lb/hr 
Scrapers unloading topsoil 0.04 lb/ton 
Scrapers in travel mode See Chapter 6 
Scrapers removing topsoil 20.2 lb/mile 
Grading 0.040 (S)2.5 lb/mile 

Site Preparation 
(earth moving) 

Loading excavated material into 
trucks and subsequent unloading 

See Chapter 4 

Vehicular traffic See Chapters 5 and 6 
Crushing and screening aggregate See Chapter 11 

General 
Construction 

Material transfer See Chapter 4 
*  Symbols for equations:  M = material moisture content (%), s = material silt content (%), 

S = mean vehicle speed (mph). 
 
 

3.6  Demonstrated Control Techniques 
 

Because of the relatively short-term nature of construction activities, some control 
measures are more cost-effective than others.  Frank Elswick of Midwest Industrial 
Supply Inc. presented an extensive summary of control measures for construction 
activities and their associated costs at a WRAP sponsored fugitive dust workshop in Palm 
Springs, CA in May 2005.17  Elswick concluded that dust suppressant methods fall into 
the following six categories: 
 

1.  Watering 
* Watering works by agglomerating surface particles together. 
* No negative environmental impacts from using water. 
* Normally readily available. 
* Evaporates quickly, therefore typically only effective for short periods of time. 
* Frequency of application depends on temperature and humidity. 
* Generally labor intensive due to frequent application. 
* Costs associated with pre-watering and as needed watering are $55 to $80/hour. 
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2.  Chemical Stabilizers 
(a) Water absorbing products (e.g., calcium chloride brine or flakes, magnesium 

chloride brine, sodium chloride) 
* These products work by significantly increasing surface tension of water between 

dust particles, helping to slow evaporation and further tighten compacted soil. 
* Products ability to absorb water from the air is a function of temperature and 

humidity. 
* These products work best in low humidity environments. 
* Frequent re-application in dry climates. 
* Must be watered to activate during dry months. 
* Potential costly environmental impacts to fresh water aquatic life, plants and 

water quality 
* Corrosive to metal and steel. 
* Not suitable for non-traffic areas. 
* Costs associated with traffic area program are $.03 - $.05 per square foot. 
 
(b) Organic Petroleum Products (e.g. asphalt emulsions, cut/liquid asphalt, dust oils, 

petroleum resins) 
* These products work by binding and/or agglomerating surface particles together 

because of asphalt adhesive properties. 
* Potentially costly environmental due to presence of polycyclic aromatic 

hydrocarbons that are “hazardous air and water pollutants” that may be subject to 
reporting requirements. 

* Can fragment under traffic conditions. 
* Not suitable for non-traffic areas. 
* Costs associated with traffic area program are $.05 - $.075 per square foot. 
 
(c) Organic Non-Petroleum Products (e.g., ligninsulfonates, tall oil emulsions, 

vegetable oils) 
* These products work by binding and/or agglomerating surface particles together. 
* Surface binding for these product may be reduced or destroyed by rains. 
* Generally limited availability of non-petroleum products. 
* Ligninsulfonates can impact freshwater aquatic life due to high B.O.D. and 

C.O.D. 
* Not suitable for non-traffic areas. 
* Costs associated with traffic area program are $.04 - $.08 square foot. 
 
(d) Polymer Products (e.g., polyvinyl acetates, vinyl acrylics) 
* These products work by binding soil particles together because of the polymer’s 

adhesive properties. 
* Polymers also increase the load-bearing strength of all types of soils. 
* Polymers are non-toxic, non-corrosive, and do not pollute ground water. 
* Polymers dry virtually clear to create an aesthetically pleasing result. 
* Polymers create a tough yet flexible crust to prevent wind and water erosion. 
* Costs associated with traffic areas are $.05 - $.08 per square foot. 
* Costs associated with disturbed non-traffic areas are $300 - $800 per acre 

depending on longevity desired. 
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* Costs associated with slopes and inactive stockpiles are $500 to $1,000 per acre. 
 
(e) Synthetic Products (e.g., iso-alkane compounds) 
* Synthetic fluids work as a dust suppressing ballasting mechanism, while also 

acting as a durable re-workable binder. 
* Formulated with safe and environmentally friendly synthetic fluids; non-

hazardous per OSHA, EPA and US DOT; contains no asphalt, oil or PAH’s. 
* Easy application; no water required. 
* Costs associated with traffic area program are $.05 - $.10 per square foot. 
 
3.  Sand Fences 
* Fabric on chain link fence. 
* Redwood slat fence. 
* Mylar sand fence. 
* Most effective when used in conjunction with chemical stabilizers. 

 
4.  Perimeter Sprinklers 
* Most effective when used in conjunction with other methods. 

 
5.  Tire Cleaning Systems at Site Exit 
* Rumble strips to prevent track-out from site onto pavement. 
* Washed rock 100’ prior to exit onto pavement. 

 
6.  On- Site Speed Control 
* Limiting on-site vehicle speed to 15mph. 

 
Wet suppression and wind speed reduction are the two most common methods used 

to control open dust sources at construction sites because a source of water and material 
for wind barriers tend to be readily available on a construction site.  However, several 
other forms of dust control are available.  Table 3-6 displays each of the preferred control 
measures by dust source.18, 19 

 
Table 3-6.  Control Options for General Construction Sources of PM10 

Emission source Recommended control methods(s) 
Debris handling 
Truck transportb 
Bulldozers 
Pan scrapers 
Cut/fill material handling 
Cut/fill haulage 
General construction 

Wind speed reduction; wet suppressiona 

Wet suppression; paving; chemical stabilizationc 
Wet suppressiond 
Wet suppression of travel routes 
Wind speed reduction; wet suppression 
Wet suppression; paving; chemical stabilization 
Wind speed reduction; wet suppression; early 
paving of permanent roads 

a Dust control plans should contain precautions against watering programs 
that confound trackout problems. 

b Loads could be covered to avoid loss of material in transport, especially if 
material is transported offsite. 

c Chemical stabilization is usually cost-effective for relatively long-term or 
semipermanent unpaved roads. 

d Excavated materials may already be moist and not require additional 
wetting.  Furthermore, most soils are associated with an “optimum 
moisture” for compaction. 
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One of the dustiest construction operations is cutting and filling using scrapers, with 
the highest emissions occurring during scraper transit.  In a 1999 MRI field study,5 it was 
found that watering can provide a high level of PM10 control efficiency for scraper 
transit emissions.  Average control efficiency remained above 75% approximately 
2 hours after watering.  The average PM10 efficiency decay rate for water was found to 
vary from approximately 3% to 14% hour.  The decay rate depended upon relative 
humidity in a manner consistent with the effect of humidity on the rate of evaporation.  
Test results for watered scraper transit routes showed a steep increase in control 
efficiency with a doubling of surface moisture and little additional control efficiency at 
higher moisture levels.  This is in keeping with past studies that found that control 
efficiency data can be successfully fitted by a bilinear function.  In another recent MRI 
field study (MRI, 2001),20 tests of mud and dirt trackout indicated that a 10% soil 
moisture content represents a reasonable first estimate of the point at which watering 
becomes counter productive.  The control efficiencies afforded by graveling or paving of 
a 7.6 m (25 ft) access apron were in the range of 40% to 50%. 

 
Table 3-7 summarizes tested control measures and reported control efficiencies for 

dust control measures applied to construction and demolition operation. 
 

Table 3-7.  Control Efficiencies for Control Measures for Construction/Demolition20, 21 

Control measure 
Source 

component 

PM10 
control 

efficiency References/Comments 

Apply water every 4 hrs 
within 100 feet of a 
structure being 
demolished  

Active 
demolition and 
debris removal 

36% MRI, April 2001, test series 701.  4-
hour watering interval (Scenario: lot 
remains vacant 6 mo after 
demolition) 

Gravel apron, 25” long 
by road width 

Trackout 46% MRI, April 2001 

Apply dust 
suppressants (e.g., 
polymer emulsion) 

Post-
demolition 
stabilization 

84% CARB April 2002; for actively disturbed areas 

Apply water to 
disturbed soils after 
demolition is completed 
or at the end of each 
day of cleanup 

Demolition 
Activities 

10% MRI, April 2001, test series 701.  14-hour watering interval.

Prohibit demolition 
activities when wind 
speeds exceed 25 mph 

Demolition 
Activities 

98% Estimated for high wind days in absence of soil disturbance 
activities 

61% MRI, April 2001, test series 701.  3.2-hour watering intervalApply water at various 
intervals to disturbed 
areas within 
construction site 

Construction 
Activities 

74% MRI, April 2001, test series 701.  2.1-hour watering interval

Require minimum soil 
moisture of 12% for 
earthmoving 

Scraper 
loading and 
unloading 

69% AP-42 emission factor equation for materials handling due 
to increasing soil moisture from 1.4% to 12% 

Limit on-site vehicle 
speeds to 15 mph 
(Scenario:  radar 
enforcement) 

Construction 
traffic 

57% Assume linear relationship between PM10 emissions and 
uncontrolled vehicle speed of 35 mph 
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3.7  Regulatory Formats 
 

Fugitive dust control options have been embedded in many regulations for state and 
local agencies in the WRAP region.  Regulatory formats specify the threshold source size 
that triggers the need for control application.  Example regulatory formats downloaded 
from the Internet for several local air quality agencies in the WRAP region are presented 
in Table 3-8.  The website addresses for obtaining information on fugitive dust 
regulations for local air quality districts within California, for Clark County, NV, and for 
Maricopa County, AZ, are as follows: 

•  Districts within California:  www.arb.ca.gov/drdb/drdb.htm 
•  Clark County, NV:  www.co.clark.nv.us/air_quality/regs.htm 
•  Maricopa County, AZ:  www.maricopa.gov/envsvc/air/ruledsc.asp 

 
3.8  Compliance Tools 
 

Compliance tools assure that the regulatory requirements, including application of 
dust controls, are being followed.  Three major categories of compliance tools are 
discussed below. 
 

Record keeping:  A compliance plan is typically specified in local air quality rules 
and mandates record keeping of source operation and compliance activities by the source 
owner/operator.  The plan includes a description of how a source proposes to comply 
with all applicable requirements, log sheets for daily dust control, and schedules for 
compliance activities and submittal of progress reports to the air quality agency.  The 
purpose of a compliance plan is to provide a consistent reasonable process for 
documenting air quality violations, notifying alleged violators, and initiating enforcement 
action to ensure that violations are addressed in a timely and appropriate manner. 
 

Site inspection:  This activity includes (1) review of compliance records, 
(2) proximate inspections (sampling and analysis of source material), and (3) general 
observations (e.g., whether an unpaved road has been paved, graveled, or treated; 
whether haul truck beds are covered ; whether water trucks are being used during 
construction activities).  An inspector can use photography to document compliance with 
an air quality regulation. 
 

On-site monitoring:  EPA has stated that “An enforceable regulation must also 
contain test procedures in order to determine whether sources are in compliance.”  
Monitoring can include observation of visible plume opacity, surface testing for crust 
strength and moisture content, and other means for assuring that specified controls are in 
place. 
 

Table 3-9 summarizes the compliance tools that are applicable to construction and 
demolition. 
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Table 3-8.  Example Regulatory Formats for Construction and Demolition 
Source Control measure Goal Threshold Agency 

Paved Roads-
Public and 
Private 

     

Track-out and 
Carryout 

Install track-out ctrl device  Prevent/remove 
track-out from haul 
trucks and tires 

Paved roads within construction 
sites, where haul trucks traverse; 
with disturbed surface area >2 
acres, with 100 cubic yards of 
bulk material hauled 

Maricopa 
County Rule 
310 
04/07/2004 

      
  Either immediately cleanup track-out (>50ft) and 

nightly clean-up of rest; install grizzly/wheel wash 
system; install gravel pad--30ftx50ft, 6" deep; pave 
intersection--100ftx20ft; route traffic over track-out ctrl 
devices; limit access to unprotected routes; pave 
construction roadways ASAP 

Control track-out on 
paved construction 
roads  

Immediate track-out clean-up 
after 50ft, at end of workday for 
less; gravel pad standards are 
min; paved intersection also min 
and must be accessible to public; 
limit access to unprotected routes 
with barriers 

Maricopa 
County 
Rule 310 
04/07/2004 

       
  Track-out control device must be installed at all 

access points to public roads and there must be 
mud/dirt removal from interior paved roads with 
sufficient frequency 

Allow mud/dirt to drop 
off before leaving site 
and prevent track-out 

For sites greater than 5 acres or 
those with more than 100 yd3 of 
daily import/export 

SJVAPCD 
Rule 8041 
11/15/2001 

       
  Removal of track-out within one hour or selecting a 

track-out prevention option and removing track-out at 
the end of the day  

 For sites greater than 5 acres or 
those with more than 100 yd3 of 
daily import/export and track-out 
is less than 50ft 

SCAQMD 
Rule 403 

12/11/1998 

       
  Removing track-out ASAP   Track-out greater than 50 ft SCAQMD 

Rule 403 
12/11/1998 

       
  Require road surface paved or chemically stabilized 

from point of intersection with a public paved road to 
distance of at least 100 ft by 20 ft or installation of 
track-out control device from point of intersection with 
a public paved road to a distance of at least 25 ft by 
20 ft 

Prohibits material 
from extending more 
than 25 ft from a site 
entrance 

For sites greater than 5 acres or 
those with more than 100 yd3 of 
daily import/export 

SCAQMD 
Rule 403 

12/11/1998 

     
Bulk Materials     
Transport Establishes speed limits.  Requires at least 6'' 

freeboard when crossing paved public road, water 
applied to top of load.  Haul trucks need tarp or 
suitable cover and truck interior must be cleaned 
before leaving site 

Limit visible dust 
emissions to 20% 
opacity and prevent 
spillage from holes 

Trucks entering paved public 
roads (6'' freeboard); leaving work 
site; specific haul trucks need 
covering 

SJVAPCD 
Rule 8031 
11/15/2001 

      
  Requires covering haul trucks or to use bottom-

dumping if possible and maintain minimum 6'' 
freeboard (in high winds) 

  SCAQMD 
Rule 403 

12/11/1998 
       
  Freeboard at least 3"; prevent spillage from holes; 

install track-out ctrl devices 
Prevent/remove 
track-out onto paved 
roads 

Within the work site; removes 
possible track-out from tires, 
exterior of trucks that traverse 
work site 

Maricopa 
County        
Rule 310 
04/07/2004 

         
Construction 
and Demolition 

       

Earthmoving Require water and chemical stabilizers (dust 
suppressants) be applied, in conjunction with optional 
wind barrier 

Limit visible dust 
emissions to 20% 
opacity 

 SJVAPCD 
Rule 8021 
11/15/2001 

      
  Specifies Dust Control Plan must be submitted Limit visible dust 

emissions to 20% 
opacity 

For areas 40 acres or larger 
where earth movement of 2500 
yd3 or more on at least 3 days is 
intended 
 
 

SJVAPCD 
Rule 8021 
11/15/2001 
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Source Control measure Goal Threshold Agency 
  Requires implementation of Best Available Control 

Measures (BACM) 
Prohibit visible dust 
emissions beyond 
property line and limit 
an upwind/downwind 
PM10 differential to 
50 ug/m3.  Limit 
visible dust emissions 
to 100 ft from origin 

 SCAQMD 
Rule 403 

12/11/1998 

       
Construction 
and Demolition 

    

Demolition Application of dust suppressants Limit visible dust 
emissions to 20% 
opacity 

 SJVAPCD 
Rule 8021 
11/15/2001 

      
  Application of best available control measures 

(BACM) 
Prohibits visible dust 
emissions beyond 
property line.  Limits 
downwind PM10 
levels to 50 ug/m3 

For projects greater than 5 acres 
or 100 yd3 of daily import/export 

SCAQMD 
Rule 403 

12/11/1998 

         
Construction 
and Demolition 

    

Grading 
Operations 

Requires pre-watering and phasing of work Limit VDE to 20% 
opacity 

 SJVAPCD 
Rule 8021 
11/15/2001 

       
  Requires water application and chemical stabilizers Increase moisture 

content to proposed 
cut 

For graded areas where 
construction will not begin for 
more than 60 days after grading 

SCAQMD 
Rule 403 

12/11/1998 
       
  Preapplication of water to depth of proposed cuts and 

reapplication of water as necessary.  Also 
stabilization of soils once earth-moving is complete 

Ensure visible 
emissions do not 
extend more than 
100 ft from sources 

 SCAQMD 
Rule 403 

12/11/1998 
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Table 3-9.  Compliance Tools for Construction and Demolition 

Record keeping Site inspection/monitoring 
Site map; description of work 
practices; duration of project activities; 
locations and methods for demolition 
activities; locations and amounts of all 
earthmoving and material (types) 
handling operations; dust suppression 
equipment (types) and maintenance; 
frequencies, amounts, times, and rates 
of watering or dust suppressant 
application; mud/dirt carryout 
prevention and remediation 
requirements; wind shelters; 
meteorological log. 

Observation of earthmoving and 
demolition activities, considering 
timeframe of project; observation of 
operation of dust suppression systems, 
vehicle/ equipment operation and 
disturbance areas; surface material 
sampling and analysis for silt and 
moisture contents; observation of  truck 
spillage onto adjacent paved roads; 
mud/dirt carryout prevention and 
remediation; inspection of wind 
sheltering; real-time portable monitoring 
of PM; observation of dust plume opacity 
exceeding a standard. 

 
3.9  Sample Cost-Effectiveness Calculation 
 

This section is intended to demonstrate how to select a cost-effective control 
measure for construction and demolition.  A sample cost-effectiveness calculation is 
presented below for a specific control measure (gravel apron at trackout egress points) to 
illustrate the procedure.  The sample calculation includes the entire series of steps for 
estimating uncontrolled emissions (with correction parameters and source extent), 
controlled emissions, emission reductions, control costs, and control cost-effectiveness 
values for PM10 and PM2.5.  In selecting the most advantageous control measure for 
construction and demolition, the same procedure is used to evaluate each candidate 
control measure (utilizing the control measure specific control efficiency and cost data), 
and the control measure with the most favorable cost-effectiveness and feasibility 
characteristics is identified. 
 

Sample Calculation for Construction and Demolition 
(Mud/Dirt Egress Points) 

 
Step 1.  Determine source activity and control application parameters.   
 

Egress traffic rate (veh/day) 100 
Number of egress points 2 
Duration of construction activity (month) 24 
Wet days/year 10 
Number of workdays/year 260 
Number of emission days/yr (workdays 
without rain) 250 

 
Control Measure Gravel apron 25 ft long by road width 
Economic Life of Control System (yr) 2 
Control Efficiency 46% 
Reference MRI, 200120 
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The number of vehicles per day, wet days per year, workdays per year, and the 
economic life of the control are determined from climatic and industrial records.  
The number of emission days per year are calculated by subtracting the number 
of annual wet days from the number of annual workdays as follows: 
 

Number of workdays/year – Wet days/year = 260 – 10 = 250 
 
Gravel aprons at the two construction site egress points have been chosen as the 
applied control measure.  The control efficiency was obtained from MRI, 2001.19 

 
Step 2.  Obtain PM10 Emission Factor.  The PM10 emission factor for 
construction and demolition dust is 6 g/vehicle.22 
 
Step 3.  Calculate Uncontrolled PM Emissions.  The PM10 emission factor, EF, 
(given in Step 2) is multiplied by the number of vehicles per day and by the 
number of emission days per year (both under activity data) and divided by 454 
grams/lb and 2000 lb/ton to compute the annual PM10 emissions, as follows: 
 
Annual PM10 emissions = (EF x Veh/day x Emission days/year)/(454 x 2,000) 
Annual PM10 emissions = (6 x 100 x 250) / (454 x 2,000) = 0.165 tons/year 
 
Annual PM2.5 emissions = 0.1 x PM10 emissions7 

Annual PM2.5 emissions = (0.1 x 0.165 tons/year) = 0.0165 tons/year 
 
Step 4.  Calculate Controlled PM Emissions.  The controlled PM emissions (i.e., the 
PM emissions remaining after control) are equal to the uncontrolled emissions 
(calculated above in Step 3) multiplied by the percentage that uncontrolled emissions 
are reduced, as follows: 
 
Controlled emissions = Uncontrolled emissions x (1 – Control Efficiency). 
 
For this example, we have selected gravel aprons at egress points as our control 
measure.  Based on a control efficiency estimate of 46% for a gravel apron, the 
annual PM emissions are calculated to be: 
 
Annual Controlled PM10 emissions = (0.165 tons/yr) x (1 – 0.46) = 0.089 tons/yr 
Annual Controlled PM2.5 emissions = (0.0165 tons/yr) x (1 – 0.46) = 0.0089 tons/yr 
 
Step 5.  Determine Annual Cost to Control PM Emissions. 
 

Capital costs ($) 500 
Annual Operating/Maintenance costs ($) 3,150 
Annual Interest Rate  5% 
Capital Recovery Factor 0.54 
Annualized Cost ($/year) 3,419 

 
The capital costs, annual operating and maintenance costs, and annual interest 
rate (AIR) are assumed values for illustrative purposes.  The Capital Recovery 
Factor (CRF) is calculated as follows: 
 
Capital Recovery Factor = AIR x (1+AIR) Economic life / (1+AIR)Economic life – 1 
Capital Recovery Factor = 5% x (1+ 5%)2 / (1+ 5%)2 – 1 = 0.54 
 
The Annualized Cost is calculated by adding the product of the Capital Recovery 
Factor and the Capital costs to the annual Operating and Maintenance costs: 
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Annualized Cost = (CRF x Capital costs) + Annual Operating and Maintenance costs 
Annualized Cost = (0.54 x $500) + $3,150 = $3,419 
 
Step 6.  Calculate Cost Effectiveness.  Cost effectiveness is calculated by 
dividing the annualized cost by the emissions reduction.  The emissions 
reduction is determined by subtracting the controlled emissions from the 
uncontrolled emissions: 
 
Cost effectiveness = Annualized Cost / (Uncontrolled emissions – Controlled emissions) 
 
Cost effectiveness for PM10 emissions = $3,420 / (0.165 - 0.089) = $44,991/ton 
Cost effectiveness for PM2.5 emissions = $3,420 / (0.0165 - 0.0089) = $449,908/ton 
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