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1.0 Introduction 
Goleta Energy Storage, LLC. proposes to install a battery storage system with an approximate 
capacity of 60 megawatts in the town of Goleta, CA and with a layout substantially similar to the 
layout in the proposed site plan. The Goleta Facility will be a battery storage system that is owned 
and operated by Goleta Energy Storage, LLC. The Battery Storage Project (Project) would provide 
additional capacity to increase grid reliability and resiliency, integrate renewable energy resources, 
and facilitate the orderly retirement of aging natural gas power plants. The Project would provide 
increased electrical reliability and stability to the local grid by storing electricity in the battery 
systems from grid-based electrical generation systems and then releasing the power into the grid 
during peak periods when electricity is needed, reducing the consumption of fossil-fuels and the 
emissions of greenhouse gasses. 

This report examines the potential upset and malfunction scenarios that could occur at the facility 
that could result in health risk and flammable gas production and potential resulting impacts on 
public receptors. The facility would not have any health risk or flammable impacts during normal 
operations. Potential impacts to onsite personnel or emergency response personnel are outside the 
scope of this analysis. 

2.0 Project Description 
The Project site would be located at 6864 Cortona Drive in Goleta, CA. The proposed Project 
location would be located immediately north of industrial and office areas; south of undeveloped 
space planned for residential apartment development (the Cortona Apartments, FEIR 2014); west 
of the M-Special Brewery; and east of Storke Road. Figure 1 shows the location of the proposed 
battery storage facility. The site is currently developed as parking areas and a shed. Exhibit F 
includes a site plan. 

The Project would involve the installation of self-contained energy storage and management 
cabinets (called a Megapack) containing battery modules designed and manufactured by Tesla. 
Each cabinet would hold 17 modules of batteries, with each module holding about 12,636 battery 
cells. An operations and maintenance control enclosure would also be located on the Project site. 
The cabinets would be placed at the site outdoors. There will be no walk-in or inhabitable facilities 
in the proposed Project design.  

The operations and maintenance control enclosure would be physically small footprint (i.e similar 
to a desktop computer) and is typically located within or adjacent to the substation, along with the 
rest of the site’s communications equipment. It would not be a walk-in type enclosure. The 
operations and maintenance control enclosure houses the external communication interface over 
TCP (Modbus, DNP3.0 or REST) to the utility, network operator or customer SCADA systems. 
The Controller communicates to each Megapack over a private TCP network. Each Megapack is 
controlled by the inverter: based on the signal received from the controller, the Megapack will 
trigger the charge or discharge of each battery module. The Controller aggregates real-time 
information from all the Megapacks and leverages the information to optimize the commands sent 
to each Megapack. 
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The proposed battery cell type would be Lithium Nickel Cobalt Aluminum (NCA) manufactured 
by Tesla. This analysis is conducted for an NCA-type battery.  

The facility would be equipped with inverters to convert the DC electricity of the battery systems 
into AC current used by the electrical grid. There would also be a liquid thermal cooling system 
integrated into the cabinets to provide cooling to the batteries and power electronics.  

Fire prevention systems would include proposed cabinets designed to limit or eliminate the threat 
of the spread of fire from one cabinet to another, infrared camera monitoring at the site for external 
fire detection and onsite fire hydrants. See the project description for more details on the fire 
prevention systems. 

The Battery Management System (BMS) would monitor all cell voltages, currents and 
temperatures and shut down equipment if unsafe conditions are detected. 

The Megapacks are equipped with ventilation systems which allow for the removal and 
combustion of off gassed materials. The design of Megapack includes 33 pressure-sensitive vents 
(over-pressure vents) and a sparker system. The over-pressure vents and sparker system work in 
combination with each other to mitigate the risks of deflagration and overpressure events by 
combusting flammable off-gases before they reach the enclosure's lower flammability limit (LFL). 
This design essentially ignites the gases very early in a thermal runaway event, before there is time 
for the gases to build up within the enclosure and become an explosion hazard. Eight sparkers in 
total are installed at the top of all Megapack battery module bays, just below the over-pressure 
vents installed within the roof. The sparkers enable a rapid combustion of the hot gases and 
opening of the closest over-pressure vents. This ensures products of combustion and flames will 
exit through the roof, without creating a pressure event within the Megapack large enough to blow 
open doors or expel projectiles from the unit. By keeping all the doors shut during the fire, this 
also helps ensure that the fire will not propagate to adjacent Megapacks. In addition, the facility 
would be equipped with fire detection and gas detection systems. 

Thermal management of a Megapack is achieved via liquid cooling using a 50/50 mixture of 
ethylene glycol and water. A typical Megapack includes about 540 liters of coolant. Mechanical 
damage of a Tesla Energy Product could result in leakage of the coolant. 

The Megapack thermal management system also includes 7.6 kg of R134a refrigerant in a sealed 
system. Mechanical damage of a Megapack could result in a release of the refrigerant. 

The electrolyte within Megapack cells includes a volatile hydrocarbon-based liquid and a 
dissolved lithium salt (which is a source of lithium ions) such as lithium hexafluorophosphate. The 
electrolyte in a Megapacks cells is absorbed in electrodes within individual sealed cells. The 
electrolyte reacts with those materials and is consumed during normal operation of the batteries. 
As such, the Megapack does not contain free liquid electrolyte. 

The possibility of a spill of electrolyte from a Megapack is very remote. Electrolyte can be 
extracted from a single cell using a centrifuge, or under some extreme abuse conditions such as a 
severe crush. However, it is very difficult to mechanically damage cells in such a way as to cause 
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leakage of electrolyte. Even if a single cell were damaged in a manner that could cause electrolyte 
leakage, it is extremely difficult to cause a leak from more than a few cells due to any incident. 

Figure 1 Project Location 

 
Source: Google Maps imagery date 8/18/2019 
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3.0 Environmental and Regulatory Setting 
There are a number of different lithium battery types including the following: 

 Lithium Nickel Cobalt Aluminum (NCA, proposed for this project) 
 Lithium Nickel Manganese Cobalt (NMC) 
 Lithium Manganese Oxide (LMO) 
 Lithium Titanate Oxide (LTO) 
 Lithium-Iron Phosphate (LFP) 

This study assumed the use of the Lithium Nickel Cobalt Aluminum (NCA) battery type. 

Battery Testing Requirements and Regulations 
Batteries are subject to several codes and standards. Some of the relevant ones are discussed below. 

UL9540: Safety for Energy Storage Systems. The requirement address the inherent design and 
performance, as well as the interface of the energy storage system with the infrastructure. 
Addresses construction, performance, electrical, mechanical, environmental, manufacturing and 
markings. 

UL9540A: Test Method for Evaluating Thermal Runaway Fire Propagation in Battery Energy 
Storage Systems – this test methodology evaluates the fire characteristics of a battery energy 
storage system that undergoes thermal runaway. The data generated can be used to determine the 
fire and explosion protection required for an installation of a battery energy storage system  

UL1973: Standard for Batteries for Use in Stationary, Vehicle Auxiliary Power and Light Electric 
Rail (LER) Applications - These requirements cover battery systems as defined by this standard 
for use as energy storage for stationary applications such as for PV, wind turbine storage or for 
UPS, etc. applications. This standard evaluates the battery system's ability to safely withstand 
simulated abuse conditions. This standard evaluates the system based upon the manufacturer's 
specified charge and discharge parameters. Requires that an Energy Storage System (ESS) is not 
allowed to be an explosion hazard when exposed to an external fire source and that a single cell 
failure will not result in a cascading thermal runaway of cells. 

IEEE C2: This Code covers basic provisions for safeguarding of persons from hazards arising from 
the installation, operation, or maintenance of (1) conductors and equipment in electric supply 
stations, and (2) overhead and underground electric supply and communication lines. It also 
includes work rules for the construction, maintenance, and operation of electric supply and 
communication lines and equipment. The Code is applicable to the systems and equipment 
operated by utilities, or similar systems and equipment, of an industrial establishment or complex 
under the control of qualified persons. 

California Fire Code 608 and International Fire Code: Specifies minimum size requiring permits 
(Lithium, all types, 20 kWh), specifies maximum limits on sizing for battery systems (Lithium all 
type, 50 kwh each array), seismic and structural design, spacing (minimum 3 feet separation of 
arrays), vehicle impact protection, testing, maintenance and repairs, maximum quantities within a 
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building (Lithium of 600 kwh), BMS monitoring, shutdown and notification requirements, 
automatic smoke detector requirements, automatic fire sprinkler systems and ventilation 
specifications. Section 1210 of the California Fire Code also requires that the battery systems be 
“listed”, which is achieved through testing by an OSHA certified NRTL laboratory (see below). 

NFPA 1: The General NFPA Fire Code addressing extracts from other NFPA codes. 

NFPA 13: Standard for the Installation of Sprinkler Systems, addresses sprinkler system design 
approaches, installation, and component options. 

NFPA 70: National Electrical Code, addresses electrical design, installation, and inspection. 

NFPA 550: Guide to Fire Safety Concepts Tree for Protecting Energy Systems - addresses issues 
such as utilizing BMS and compatible equipment, ventilation as needed, fire resistive separation, 
array spacing, signage. 

NFPA 855: Standard for the Installation of Stationary Energy Storage Systems - establishes criteria 
for minimizing the hazards associated with ESS (under development, draft version published). 

OSHA NRTL: The OSHA Nationally Recognized Testing Laboratory (NRTL) program recognizes 
private sector organizations to perform certification for certain products to ensure that they meet 
the requirements of both the construction and general industry OSHA electrical standards. Each 
NRTL has a scope of test standards that they are recognized for, and each NRTL uses its own 
registered certification mark(s) to designate product conformance to the applicable product safety 
test standards, thereby “listing” the product. After certifying a product, the NRTL authorizes the 
manufacturer to apply a registered certification mark to the product. If the certification is done 
under the NRTL program, this mark signifies that the NRTL tested and certified the product, and 
that the product complies with the requirements of one or more appropriate product safety test 
standards. Two testing laboratories certified for the electrical components discussed in this analysis 
are Underwriters Laboratory (UL) and TUVRheinland. 

Health Protective Regulations  
The California Air Pollution Control Officers Association (CAPCOA) in consultation with the 
California Air Resources Board (ARB) and Office of Environmental Health Hazard Assessment 
(OEHHA) implements the Air Toxics “Hot Spots” Information and Assessment Act of 1987 (Air 
Toxics “Hot Spot” Act, Health and Safety Code §44344.4(c).). The Hot Spots regulation requires 
the assessment of the potential acute, chronic and cancer health risks associated with facilities. 
OEHHA also publishes the reference exposure levels (REL) for a range of pollutants, which 
defines the concentration levels at which pollutants start to generate health effects. The SBCAPCD 
provides guidance and a spreadsheet tool associated with a facility prioritization protocol. 

The National Institute for Occupational Safety and Health (NIOSH) defines the immediately 
dangerous to life and health (IDLH) standard for pollutants. The American Industrial Hygiene 
Association has defined Emergency Response Planning Guidelines (ERPGs) to define the levels 
at which toxic pollutants may cause harm. 
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The City of Goleta and the County of Santa Barbara have adopted CEQA thresholds that are used 
to assist the County in classifying the significance of impacts to public safety. The thresholds 
employ quantitative measures of risk. If a proposed project has the potential to expose the public 
to toxic or flammable pollutants, then a risk assessment must be undertaken. The thresholds are 
applicable to a number of industry types including the “use” of specified quantities of regulated 
substances pursuant to Title 19 of the CCR (the CalARP regulations), or materials that could 
vaporize or evaporate quickly upon release and could cause risk to the public. Although this project 
does not “use” any of the substances on the Title 19 list, a number of toxic and flammable 
substances on the Title 19 list could be emitted if the batteries were to experience a malfunction, 
including hydrogen chlorine, hydrogen fluoride, nitrogen oxide, phosphine and sulfur dioxide (see 
below). Therefore, if a battery malfunction could cause the release of these pollutants and the 
release could impact the public, a detailed risk analysis should be performed.  

In 2016, a technical working group comprised of utility and industry representatives worked with 
the California Public Utilities Commission Safety & Enforcement Division's Risk Assessment and 
Safety Advisory (RASA) section to develop a set of guidelines for documentation and safe 
practices at ESS co-located at electric utility substations, power plants or other facilities (CPUC 
2017). The guidelines require a safety plan and inspection procedures. 

Receptors 
There are a number of receptors located near the proposed project site. These are listed below. 

Table 1 Distance to Receptors 

Receptor Distance to Battery Cabinets*, feet 

Parking Area / Ornamental Fence 18 
Property line east side 28 
Proposed Apartments 67 
M-Special Brewery building 100 
Storke Road 100 
6868 Cortona 210 
6860 Cortona 240 
Residences west of Storke 270 
Hotel 500 

* Distance to actual battery cells within cabinets. 

4.0 Assessment Methodology 
There will be no emissions from the battery systems associated with the Project during normal 
operation.  

However, in the unlikely event of a battery cell malfunction, such as a thermal runaway reaction 
or external impact event, the Project could emit pollutants to the atmosphere. For these types of 
battery cell malfunctions, emissions could be generated due to elevated temperatures within a 
single storage cell or group of storage cells caused by a runaway reaction. When Li-ion batteries 
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are mistreated with high over-temperature or strong overcharge or suffer damage, they can transit 
into a so-called “thermal runaway”. During the thermal runaway, the battery temperature increases 
due to exothermic reactions. In turn, the increased temperature accelerates those degradation 
reactions and the system destabilizes. At the end of the thermal runaway, battery temperatures 
higher than 1,000C can be reached and flammable and toxic gases can be released (Golubkov 
2015). 

This analysis is limited to a reasonable worst-case event. A catastrophic event, such as an airplane 
impact, run-away vehicle impact, terrorist incident or nearby construction equipment collapse 
causing impact, could cause multiple megapacks to be destroyed, causing substantial emissions 
associated with a large-scale fire. A reasonable worst-case event is more limited in scope, defined 
as a control system failure or a puncture of a module, similar to that conducted as part of the UL 
1973 testing, which could cause a runaway reaction in a group of cells. Generally, a reasonable 
worst-case scenario is more appropriate for a planning scenario as any development project could 
produce substantial fires and cause impacts to neighboring facilities under a catastrophic scenario. 

The Battery Storage System (BSS) will be equipped with monitoring and control systems that will 
prevent and/or control battery cell malfunctions. However, to determine an unlikely, but 
reasonable worst-case public health impacts for this analysis, it is assumed that these control 
systems fail and do not control the battery cell malfunction. For this unlikely event, it is assumed 
that the battery cell malfunction continues until the Fire Department arrives onsite. 

Different manufacturers have developed various studies examining the potential scenarios related 
to battery malfunctions, although most of these studies are proprietary. Some studies have been 
independently performed for agencies, including by Det Norske Veritas (DNVGL 2017) 
conducted for the New York State Energy Research & Development Authority (NYSERDA) and 
Consolidated Edison. Other studies include Anderson 2015, Blum 2016, Larsson 2017 and LG 
Chem (another battery manufacturer) where batteries were exposed to heat sources and off gases 
were measured. In addition, the battery manufacturer Tesla, has performed testing on a 
representative system and by DNVGL (DNVGL 2019) where heat was added and forced a burn 
of the entire enclosure. 

Different battery cell malfunctions could produce emissions. These include: (1) an elevated 
temperature situation due to a runaway reaction with no combustion (venting with no combustion); 
(2) combustion of the battery due to an elevated temperature situation from a runaway. Studies 
have shown (Rincon 2017, and proprietary UL9540A testing) that a localized runaway reaction 
with combustion produces the greatest flow of emissions. Emissions would occur both during the 
pre-combustion phase and during the combustion phase. During the pre-combustion phase, the off 
gassed materials would contain flammable and toxic materials. During the combustion phase, most 
of the off gassed materials would be combusted and hence would contain only low levels of 
flammable gasses. The off gassed toxics would also be combusted, but a different array toxic 
combustion products, mostly from the combustion of the plastics used in the Megapacks, would 
be produced. In addition, during combustion, the heat of combustion would produce substantial 
plume buoyancy, thereby causing the materials to rise into the air. As the downwind, ground-level 
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impacts could be greater during the pre-combustion phase, both phases are examined in this 
analysis. 

The BSS will be enclosed in cabinets that have venting. It is assumed that the emissions caused by 
these malfunction scenarios will be vented during the malfunction scenario. As per the Fisher 
Engineering Report (Fisher 2020 and Exhibit G) and DNVGL 2019 testing, emissions occurred 
over a period of a few hours. Two reasonable worst-case scenarios are addressed: the loss of 10% 
of the cells within a Megapack module (multicell event), and the loss of an entire Megapack. For 
the muticell event malfunction scenario, it is assumed that the release of pollutants to the 
atmosphere would occur all within one hour as a reasonable worst case. While emissions could 
occur over a longer period of time, a worst-case analysis is produced if the same quantity of 
pollutants are released over a shorter period of time, thereby increasing the emission rates and 
increasing the downwind distance and potential impacts. For the Megapack event, it is assumed 
that the pollutants are released over a 3.5 hour duration, which is the duration of the UL9540A 
large-scale fire test.  

In addition, as part of the UL 1973 requirements, battery malfunctions and punctures are required 
to have limited cascading capabilities. Therefore, it is highly unlikely that an entire module or 
groups of modules would be involved in a single event. Therefore, as a reasonable worst-case for 
the multicell event, it is assumed that only 10 percent of the cells in a single module would be 
involved in the battery malfunction. Tesla’s historical experience with battery cell malfunctions 
indicate that this is a very conservative scenario that has not occurred to date with their batteries. 

Battery malfunctions can result in the release of toxic materials and/or the release of a flammable 
gas mixture and subsequent flammable gas vapor cloud with subsequent fire or explosion. 

Toxic Pollutants 
Toxic pollutants emitted from battery malfunctions are partially dependent on the battery type. For 
lithium ion batteries, studies indicate that the primary toxic pollutants could be any of the 
following: 

Table 2 Potential Toxic Pollutants from Battery Malfunctions 

Pollutant 

OEHHA 
Reference 
Exposure 

Level (REL), 
μg/m3 (ppm) 

IDLH 
(Immediately 
Dangerous to 

Life and 
Health) 

ERPG-3 
(Emergency 

Response 
Planning 

Guidelines) 

ERPG-2 
(Emergency 

Response 
Planning 

Guidelines) 

Carbon monoxide (CO) 23,000/26.7 1,200 ppm 500 ppm 350 ppm 
Hydrogen Chloride (HCL) 2100/3.2 50 ppm 150 ppm 20 ppm 
Hydrogen Cyanide (HCN) 340/0.4 50 ppm 25 ppm 10 ppm 
Hydrogen Fluoride (HF) 240/0.2 30 ppm 50 ppm 20 ppm 
Methanol (CH3OH) 28,000/37 6,000 ppm 5,000 ppm 1,000 ppm 
Nitrogen Oxide (NOx) 470/0.9 13 ppm 30 ppm 15 ppm 
Phosphine (PH3)** 400/0.6 50 ppm 5 ppm 0.5 ppm 
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Table 2 Potential Toxic Pollutants from Battery Malfunctions 

Pollutant 

OEHHA 
Reference 
Exposure 

Level (REL), 
μg/m3 (ppm) 

IDLH 
(Immediately 
Dangerous to 

Life and 
Health) 

ERPG-3 
(Emergency 

Response 
Planning 

Guidelines) 

ERPG-2 
(Emergency 

Response 
Planning 

Guidelines) 

Phosphorous Pentafluoride 
(PF5) 

240/0.2* 50 ppm*** - - 

Phosphoryl Fluoride 
(POF3) 240/1.0* 50 ppm - - 

Styrene 21,000/90 700 ppm 1000 ppm 250 ppm 
Sulfur Dioxide (SO2) 660/1.8 100 ppm 25 ppm 3 ppm 
Toluene 37,000/140 500 ppm 1,000 ppm 300 ppm 
* Utilized the acute REL for hydrogen fluoride as per OEHHA REL tables for Fluorides chronic are very similar 
** OEHHA does not have REL for acute PH3. Estimated based on NIOSH values. 
*** The National Institute for Occupational Safety and Health (NIOSH) does not have a listing for PF5. PF5 and 

POF3 estimated based on general fluorides. 
Sources: See Table 3. 

Generally, the battery cell will start to off gas if the temperature exceeds 120 oC (DNVGL 2017). 

Several studies have examined the emissions of toxic pollutants from battery off gassing situations, 
with some studies examining only the concentration of toxic pollutants and others also examining 
emission rates. The relevant studies are listed in Table 3.  

Table 3 Studies on Emissions from Battery Malfunctions 

Study Description Results 

Anderson 2015 Exposure of battery to heat source, off 
gasses tested. LFP battery, 1.2 kg, 35 Ah 

HF: 30-50ppm peak 
POF3: 1-2ppm peak 
HF Rate: 0.01 g/s 

Blum 2016 Modules tested with heat exposure until 
thermal runaways. 100kwh unit by Tesla. 

HF: 100 ppm peak 

CATL UL 9540A testing Composition of off 
gassing: primary 
pollutants only. 
Up to 153.5 L off gas per 
cell 

Larsson 2017 External propane burner used to heat 
batteries, measured toxic gasses. 
Examined different battery types 

HF: up to 145 ppm peak 
HF rate: 50 mg/s peak 
HF rate: 200mg/whr peak 
POF3 rate: 22 mg/whr 
peak 

LG Chem Proprietary data on LFP battery tests. 
NMC battery type. 

HF-0.2ppm  
PH3-1.0ppm  
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Table 3 Studies on Emissions from Battery Malfunctions 

Study Description Results 

HF rate: 4.7e-7 g/hr 
PH3 rate: 2.4e-4 g/hr 
Up to 244 L off gas per 
cell 

DNVGL 2017 Measured characteristics of a wide range 
of battery types and failures 

release rates per kg of 
battery weight: 
HF rate: 1.7e-7 kg/s-kg 

DNVGL 2019 Measure characteristics of a Tesla 
powerpack thermal runaway scenario 

Maximum Values: 
HCL: 538 ppm 
HF: 183 ppm 
HCN: 67 ppm 

Tesla Proprietary studies HF: 500 ppm 
HCL: 1,000 ppm 
HCN: 1,600 ppm 
Methanol: 32 ppm 
Styrene: 1 ppm 
Toluene: 3,500 ppm 

Fisher Engineering, 9540A Test Results HF: 0.5 ppm 
 

Some of the key findings from these studies include the following: 

 HF was found to be produced by all battery types.  
 For NCA batteries, HCL, HF and HCN are produced (DNVGL 2019).  
 PH3 was only identified by LG Chem for the NMC battery type, not the NCA proposed for this 

Project. No other studies identified PH3 as an issue for the NCA battery.  
 PF5 rapidly decomposes to HF and was therefore generally not detected (Anderson 2013).  
 POF3 was found to be not be produced by NCA batteries (Larsson 2017).  

It was also found that the average emission rate of HF in a plastics fire can be higher than the 
average emission rate of a battery fire (DNVGL 2017), indicating that potentially a majority of the 
toxic emissions from a battery fire are a result of the combustion of the plastic components. 

This Risk Assessment reviewed the studies listed in Table 3, including the Fisher Engineering 
Report (Fisher 2020 and Exhibit G) that summarized the UL9540A large-scale fire testing 
conducted on the Tesla Megapacks proposed for this study, and utilized the highest toxic and 
flammable concentrations identified in any of these studies. As a battery off gassing event could 
have a range of characteristics, utilizing the maximum levels seen in a range of studies ensures a 
conservative analysis. 

Flammable Components and Flammability 
Flammable components are also emitted from a battery malfunction. Based upon the studies listed 
in Table 3, the flammable components could include the following: 
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Table 4 Potential Flammable Components from Battery Off Gassing 

Component Lower Flammability Limit 
(LFL), vol% 

Acetylene (C2H2) 2.5 
Butanes (C4) 1.8 
Carbon monoxide (CO) 12.5 
Ethane (C2H6) 3.0 
Ethylene (C2H4) 2.7 
Hydrogen (H2) 4.0 
Methane (CH4) 5.0 
Pentanes (C5) 1.4 
Propane (C3H8) 2.1 
Propene (C3H6) 2.0 
 

 

Depending on the combination of these flammable materials, the off gasses could have varying 
degrees of flammability.  

The Tesla manufacturer provided information on the composition of battery off gassing as part of 
battery testing (DNVGL 2019). These are shown below: 

Table 5 Tesla Manufacturer Battery Off Gassing Primary Flammable Components 

Component Mole Percent 

Hydrogen (H2) 24 
Carbon monoxide (CO) 34 
Methane (CH4) 4 
Ethylene (C2H4) 5 
Propane (C2H8) + < 1 
Note: based on Tesla proprietary testing, worst-case level encountered (most flammable), for single cell level 
testing. Other components, such as nitrogen and carbon dioxide, are also produced but are not shown due to not 
being flammable. These are the worst-case components between the UL9540A Testing and the DNVGL studies 
and are estimates of the pre-combustion off gassed materials. 

The Compressed Gas Association (CGA) Publication P-23 provides algorithms for estimating the 
level of flammability of gas mixtures. The application of this technique to the off gassed materials 
as provided by the manufacturer as part of the testing (shown in Table 5) indicates that the released 
vapor/gas would be flammable, with a Q value of over 6.6 and an estimated lower flammability 
limit of over 8 percent. (This exceeds the Q value flammability limit of 1.0, established by the 
CGA, indicating the materials is flammable. See Exhibit F (CGA 2015). 

Screening and Modeling 
In order to estimate the impacts of the off gassing from toxic and flammable emissions, both a 
screening and a modeling approach were used. The Santa Barbara County APCD prioritization 



Goleta Energy Project Risk Assessment 

 12 May 2021 

approach (SBCAPCD 1990) for health risks was used for the acute impact of toxic emissions. The 
screening approach uses the prioritization method developed by the California Air Pollution 
Control Officers Association (CAPCOA) in consultation with the California Air Resources Board 
(ARB) and Office of Environmental Health Hazard Assessment (OEHHA) as part of the 
implementation of the Air Toxics “Hot Spots” Information and Assessment Act of 1987 (Air 
Toxics “Hot Spot” Act, Health and Safety Code §44344.4(c).). The criteria used by the 
prioritization method is based on a Total Score (TS) for acute impacts. These score thresholds are 
as follows: 

 High priority facilities with TS greater than 10.0 
 Intermediate priority facilities with TS between 1.0 and 10.0 
 Low priority facilities with TS less than 1.0 

The criteria are based on the application of several conservative air dispersion modeling scenarios 
coupled with air pollutant toxicities as reported by OEHHA and the Environmental Protection 
Agency (EPA). For scores falling in the High or Intermediate Priority category, other factors that 
should be considered that could affect the results may include: 

 Population density near the facility, 
 Proximity of sensitive receptors to the facility, 
 Receptor proximity less than 50 meters, 
 Elevated receptors/complex terrain, 
 Frequency of nuisance violations, 
 Importance of non‐inhalation pathway for substance(s) emitted by the facility, 
 Presence of non‐stack (fugitive) emissions, and 
 Stack temperatures and release source terms. 

The prioritization utilized guidelines developed by the SBCAPCD (SBCAPCD 1990). For 
intermediate and high priority facilities, additional analysis utilizing modeling with source and 
receptor specific factors may be required. 

In addition, the Canary© model was run examining the downwind distance to the IDLH and the 
ERPG levels at 6 feet height (the “flagpole” height). The Canary© model is a computerized model 
developed by Quest Consulting to estimate the thermodynamic properties of gas mixtures and 
estimate impact distances of thermal exposure, explosions, vapor clouds and toxic effects. 

The AERMOD modeling program was also run with 5 years of meteorological data from the 
SBCAPCD with the emission source as a point source, taking into account the thermal buoyancy 
due to elevated temperatures associated with a runaway release. The AERMOD modeling program 
allows an examination of a wide range of meteorological conditions in order to access a reasonable 
worst-case impact. This additional modeling was conducted in order to thoroughly access the 
potential for offsite toxic impacts. 

For flammable impacts, the Canary© model was used to determine the distances that flammable 
vapor clouds could travel with a resulting battery malfunction scenario under different 
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meteorological conditions. The Canary© model was also used to examine explosion impacts to 1 
psi overpressure.  

For thermal impacts due to a fire, the UL9540A testing and DNVGL 2019 testing results were 
utilized to estimate the distances to different hear flux values. 

5.0 Environmental Consequences 
The consequences associated with battery malfunctions are discussed below based on the 
methodology presented above. 

5.1 Exposure Assessment 
Project emissions to the air would consist of combustion and vent products from the burning and/or 
venting of the battery cells due to a battery cell malfunction under the reasonable worst-case 
scenario. Inhalation is the main pathway by which toxic air pollutants could potentially cause 
public health impacts. 

Flammable impacts could be produced by vapor cloud deflagrations or explosions for the 
reasonable worst-case scenario, or from thermal exposure to fires. 

5.2 Significance Criteria 
A prioritization method was defined by the SBCAPCD guidelines (SBCAPCD 1990) and 
associated spreadsheet are utilized to assess the potential impacts associated with toxic emissions 
based on Total Score (TS) for acute impacts. A TS of below 1.0 is considered less than significant, 
with a TS of above 1.0 requiring additional analysis in order to determine significance.  

For Canary© and AERMOD modeling assessments, impacts offsite would require additional 
analysis in order to determine significance utilizing a quantitative risk assessment (QRA) as 
discussed above for the CEQA thresholds. The QRA analysis is included below. 

Flammable impacts are determined to be less than significant if vapor cloud fires or explosions do 
not impact sensitive areas, with additional analysis required to determine significance if flammable 
vapors could impact sensitive receptors (a QRA). If impacts do affect receptors, a more detailed 
analysis should be implemented utilizing a quantitative risk assessment as discussed above for the 
CEQA thresholds. The QRA analysis is included below. 

5.3 Toxic Impacts 
Potential human health impacts associated with the Project stem from exposure to air emissions 
from the battery cell malfunction reasonable worst-case scenario discussed above. The reasonable 
worst-case scenario would involve the battery malfunctions associated with off gassing and 
combustion. The battery manufacturer provided information on primary and toxic pollutants from 
the battery malfunction, and that information was utilized for the analysis.  
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Detailed calculations are provided in Exhibit F. Included in Exhibit E is a copy of the Emergency 
Response Guide provided by the battery vendor Tesla. The compounds and the associated mass 
emission rates were determined by proprietary testing performed by the battery vendor.  

As per UL1973 tests, in the event of a single cell undergoing thermal runaway there was no 
propagation to surrounding cells. In addition, the tests showed that when an entire module was 
force-ignited, there was no propagation to surrounding modules. The entire BSS will be comprised 
of many modules, and the malfunction events discussed above are unlikely to occur. If such an 
event does occur, it will only likely occur within a single or limited number of battery cells as 
demonstrated per UL1973. Therefore, this analysis conservatively assumed that only 10 percent 
of the cells within a module would be affected as a reasonable worst-case analysis (i.e. a multicell 
malfunction). A lower frequency worst-case scenario was also included, which would be the 
thermal offgassing of all cells in a Megapack, as was described in the Fisher report. Note that 
manufacturer testing as part of UL1973 involving external punctures indicated that propagation of 
thermal runaway involved substantially fewer than 10% of cells within a module. Therefore, a 10 
percent rate of cell involvement in thermal runaway is considered a reasonable worst-case for the 
multicell event. 

Because the emissions would occur over a short period of time, only the public health impacts 
associated with acute exposure to short term releases were analyzed for the reasonable worst-case 
battery cell malfunction. The acute impact prioritization scores for the reasonable worst-case 
battery cell malfunction scenario is provided in Table 5, and detailed calculations can be found in 
Exhibit F. The single-cell and multi-cell scenarios scores are below a TS of 1.0, indicating that 
these modeled release scenarios receive a low priority classification. The megapack scenario 
indicates additional analysis is necessary, as discussed below. 

Table 6 SBCAPCD Health Risk Screening Prioritization Results 

Scenario SBCAPCD 
Guidelines Total 

Score (TS) 

Single Cell malfunction, reasonable worst case 0.0005 
Multi-Cell malfunction (10% of cells), reasonable worst case 0.69 
Full Megapack malfunction, reasonable worst case 33.5 

 
 

Modeling conducted utilizing the Canary© software indicated that the plume centerline rapidly 
rises due to the elevated temperature of the off gassed materials, with ERPG and IDLH values 
remaining either onsite or elevated. AERMOD modeling indicated that the maximum exposed 
concentration offsite of toxic materials would remain below the ERPG-2 and the IDLH levels as 
well at receptor heights that would be experienced near ground level, such as at the M-Special 
brewery parking lot area.  
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Therefore, the public health impacts from toxic pollutants associated with the reasonable worst-
case multicell malfunction would be less than significant for those receptors located near the site 
that are not elevated such as at the M-Special location.  

Because some receptors would be elevated, such as the proposed Cortona Apartments, which could 
be 3 stories high, or vehicles along Storke Road, which is at a higher elevation, the impacts of 
toxic pollutants could extend offsite to these receptors. Additional modeling for elevated sources 
was conducted to assess the potential impact at the proposed elevated apartments and roadways. 
The elevated plume associated with carbon monoxide produced the greatest plume length and 
could impact elevated receptors offsite. Table 7 shows the results of this elevated-receptor analysis.  

Table 7 Modeling Toxic Materials Results for Elevated Receptors 

Pollutant IDLH 
Downwind 
Distance, 

feet 

ERPG-3 
Downwind 

Distance, feet 

ERPG-2 
Downwind 

Distance, feet 

Multicell Event    
Carbon monoxide (CO) 86 145 178 
Hydrogen Chloride (HCL) 6 14 26 
Hydrogen Cyanide (HCN) 20 32 60 
Hydrogen Fluoride (HF) 8 12 16 
Toluene 3 6 9 
Megapack Event    
Carbon monoxide (CO) 139 237 292 
Hydrogen Chloride (HCL) 10 22 42 
Hydrogen Cyanide (HCN) 31 51 96 
Hydrogen Fluoride (HF) 14 20 26 
Toluene 6 10 15 
Notes: based on Canary© modeling. See Exhibit F. Plume centerline heights are 15 feet at the farthest distance. 
Based on Table 3 Tesla Studies, Styrene and Methanol are low concentrations and do not generate offsite 
impacts. 

 

The impacts from the combustion phase from combustion products is assumed to be incorporated 
into the potential for CO exposure, as generally CO exposure produces the greatest impacts from 
combustion products (NRC 2004).  

Because these impacts could affect elevated offsite receptors, a detailed quantitative risk analysis 
was conducted. See below. 

5.4 Flammable Vapor Impacts 
The off gassed materials could generate a flammable vapor cloud and may produce a flammable 
gas mixture (see above). The Canary© computer model was utilized to estimate the distance that 
the flammable vapor cloud could reach (see Exhibit F for the Canary© model outputs and 
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assumptions). The lower flammability limit (LFL) and the ½ LFL are used as an estimate of the 
potential impacts from flammable vapors. Distances for the LFL and the ½ LFL are estimated to 
be 9 and 15 feet, respectively, with a Megapack event extending to 15-25 feet. Explosion distances 
to a 1 psi overpressure assumed a high level of material reactivity (due to the presence of hydrogen) 
and a high obstacle density (due to the location of multiple cabinets together), thereby increasing 
the potential for an explosion, under a conservative scenario. The 1 psi overpressure levels are 
those at which building glass would shatter or light injuries occur due to fragments (NFPA 2014). 
Vapor cloud explosion impacts are estimated to be less than the ½ LFL distance.  

5.5 Thermal Impacts 
Impacts from a fire could produce thermal radiation which could affect areas near the fire and 
areas offsite. During the UL9540A testing, thermal radiation impacts were measured at both 20 
and 30 feet from the Megapack. The Fisher Report indicated that the Megapack produced a fire 
for a peak period of about 10 minutes (from minutes 38-43 and minutes 53-58 of the test). Peak 
levels at 20 feet during that period were 28.8 kW/m2 and averaged 19.1 kW/m2. Peak levels at 30 
feet during that period were 9.8 kW/m2 and averaged 4.9 kW/m2. 

In order to estimate the thermal radiation at different distances from the Megapack during a fire 
event, a point source model for thermal radiation was utilized (CCPS 2003). The point source 
model uses the following equation: ݍ =  ܴ ߨ 4ܳ ݔ 

Where 

q = heat flux in kW/m2 

Q = heat release rate, kW 

R = distance from the flame center, meters ݔ = radiative fraction, energy fraction released as thermal radiation, with the fraction of 
energy released as radiation between 0.10 and 0.40 with a value of 0.35 conservatively 
assumed (as per SFPE 1999 and FMGlobal 2019). 

Using the above point source approach, the Figure 2 was produced showing the thermal flux at 
different distances from a Megapack fire. Note this is a conservative assumption as no impacts due 
to the atmosphere or smoke effects are assumed and a high fraction of heat to radiation is also 
assumed. The Fisher report examined heat flux at two different distances, which provide an 
estimate of the range of heat release rate generated from the fire. The figure shows the range of 
peak heat flux and the range of average heat flux for different heat flux levels and distance. 

In general, when estimating the potential impacts of thermal radiation, both the level of heat flux 
and the duration are used to estimate the thermal dose or amount of heat transferred or the “thermal 
load”. Probit equations demonstrate this effect, as higher heat flux impacts to humans and materials 
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can be substantially more tolerated at shorter durations (Lees 2014). Table 8 below shows different 
heat flux levels and associated impacts on humans and materials. 

Note that heat flux impacts to humans can generally be tolerated below 5 kw/m2 and below 10 
kw/m2 if sufficient time to escape is feasible. Heat flux levels that can produce spontaneous 
ignition in building materials generally does not occur below 12.5 – 20 kw/m2. 

Figure 2 Fisher Analysis Estimated Heat Flux at Distance 

 

Notes: using the point source model and the Fisher results for peak and average heat flux at 20 and 30 feet, to define 
the ranges of impacts. 
 

 



Goleta Energy Project Risk Assessment 

 18 May 2021 

Table 8 Potential Thermal Impacts from Heat Flux Exposure and Duration  

Incident Flux, 
kW/m2 

Duration Impact 

Impacts on Humans 

4.7 Multiple minutes Emergency actions lasting several minutes can be 
performed without shielding 

6.3 1 minute Emergency actions lasting several minutes can be 
performed without shielding 

10.0 20 seconds Time to threshold of pain for bare skin 
Threshold for thermal Class IV 

12.5 1 minute 
10 seconds 

1% fatalities 
First degree burns 

15.8 1 minute 
10 seconds 

100% fatalities 
Significant injury from burns 

25.0 10 seconds 1% fatality 
Impacts on Materials 

12.5 Long exposure Threshold for ignition of combustible materials 
(plastics and wood).  

12.5 - 25 Long exposure Wood ignites 
20 < 30 seconds Paper spontaneously ignites 
20 250 seconds Wood particle board ignites 
27 Long exposure Threshold for damage to non-combustible materials 

35.0 1 minute Cellulosic material will spontaneously ignite  
35.0 < 30 seconds Cloth spontaneously ignites 
37.5 13 minutes 7mm steel plate failure 
40.0 < 30 seconds Wood spontaneously ignites 

Notes: from CCPS 2003, NRC 2004, NIOSH 2017, SFPE 1999 and 2020, FMGlobal 2019 
 

Note that as per the Fisher analysis, heat flux levels could extend outside of the project site 
boundaries if a thermal event were to occur at one of the Megapacks located near the site boundary. 
Thermal effects on the apartments to the north would range from 2.0 to 2.6 kW/m2 as a peak value, 
with the average ranging from 1.0 – 1.7 kW/m2. Therefore, thermal impacts to the apartments 
would not be sufficient to produce impacts. See Figure 3 for a site map showing the average heat 
flux values, which best represents the potential for damage due to heat flux impacts.  

Because the distances for flammable vapors and thermal radiation could extend outside of the 
Project site boundaries, a detailed QRA was conducted. See below. 

Although the thermal impacts extend offsite, the battery installation would comply with the NFPA 
855 section 4.4.3.3, setback requirement of 10 feet from lot lines and public ways (see 
recommendations section below). In addition, although the installation of a fire wall along the 
perimeter of the site is feasible, it is not considered necessary due to the following issues: 
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1. The battery fire in the UL9540A tests took 38 minutes to develop, which, along with the 
detection systems proposed for the site, would allow for ample time to notify the fire 
department and evacuate persons from the areas near the Megapack installations.  

2. The areas along the fence lines are protectable space, meaning the authorities would have 
access to these spaces for fire water applications and evacuations.  

3. The intense fire period was of short duration (10 minutes) during the UL9540A tests during 
a 3.5 hour test including off gassing. 

4. The areas immediately around the project site and within the 10 kw/m2 areas are all parking 
lots and do not include buildings or other structures, which could be subject to damage a 
higher thermal flux levels. 

Therefore, the installation of fire walls is not considered necessary. 

Figure 3 Site Map with Thermal Flux Estimates 

 

Notes: using the point source model and the Fisher results for average heat flux at 20 and 30 feet, to define the 
ranges of impacts. 
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5.6 Combustion Products 
Combustion products can include a number components that can be toxic: particles, vapors, toxic 
gases including carbon monoxide (CO), hydrogen cyanide from the burning of plastics, phosgene 
from vinyl materials. Fire can also reduce oxygen levels, either by consuming the oxygen, or by 
displacing it with other gases.  

The Fisher report described some of the combustion products as part of the fire testing. Monitoring 
indicated low levels of carbon monoxide and carbon dioxide (83 – 680 ppm) and low levels of 
toxins (HF less than 1.0 ppm).  

The dispersion and downwind impacts of smoke is highly complex, due to the influence of the 
flame and fire-induced turbulence as well as the effect of building and meteorological parameters. 
In order to estimate the dispersion of smoke, the Canary© model was utilized assuming 
stoichiometric combustion of the off gassed materials along with an assumed flame temperature 
of 900 oC (FMGlobal 2019). Figure 4 shows the horizontal profile of the combustion products 
plume at low wind speeds and stable condition, the most advantageous for downwind impacts. 

Figure 4 Combustion Products Downwind Impacts 

 

Notes: Analysis using the Canary© model with stoichiometric combustion and 900 oC combustion products 
temperature, F/1.5 m/s meteorological conditions. 
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5.7  Fire Water Flows and Contamination 
In the event of a fire and/or off gassing at the facility, the fire department may apply water to the 
Megapacks both to knock down smoke and/or off gassed materials and also to cool the surrounding 
Megapacks. The fire water requirements could be substantial. Fire water also could become 
contaminated from off gassed materials.  

A few studies address both contamination of fire water and the expected durations and 
application rates associated with responding to BESS emergency situations. The primary study 
was conducted by the company DNVGL in 2016 in part for the Fire Department of New York to 
help prepare them for potential response activities at ESS facilities. Additional studies included 
some fire water testing from vehicle battery incidents, sprinkler design studies for BESS, NFPA 
855 sprinkler requirements, other code requirements and the results of large-scale fire testing 
conducted for Tesla. These studies are summarized as: 

1. In general, fire water should be expected to pick up some contaminants and have some 
changes in pH, but these changes would not be different than a normal industrial or 
building fire where plastics may be combusting, picking up some fluorides, chloride and 
other contaminants. 

2. Fire application rates are estimated to be between 250 – 750 GPM for a Megapack.  
3. Durations could range as high as 4 hours based on large scale fire testing of the 

Megapacks and code requirements for other industries. 
 

With a 4-hour application at the range of rates of 250 - 750 GPM, total water applied would 
range from 60,000 to 180,000 gallons. Fire department equipment typically utilized for a fire 
may increase this applied amount up to 1,500 gpm. The project has a proposed storm water 
management plan with a bioretention basin that will take all water that runs off the site before 
leaving the site. The square footage of this is 1300 square feet with the total gallons that this 
basin can hold approximately 28,000 gallons. Therefore, a 4-hour water application related to an 
incident at the BESS would exceed the capacity of the bioretention basin and water would 
overflow into the storm drain system. 

The water that could enter the storm drain system, based on the studies discussed below, would 
not have contaminants that would exceed those encountered at an industrial, commercial or 
residential fire situation and is therefore considered to be with the range of normal fire water 
runoff from response situations.  

Summaries of Fire Water Studies: 

DNV 2016: Considerations for ESS Fire Safety: This study conducted a fire and extinguisher 
testing program that evaluated a broad range of battery chemistries. The testing was conducted 
for the New York State Energy Research & Development Authority (NYSERDA) and 
Consolidated Edison, as they engaged the New York City Fire Department (FDNY) and the New 
York City Department of Buildings (NYDOB) to address code and training issues. The study 
forced 6 different battery chemistry arrangements into thermal runaway, then then tested 5 
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different extinguishing agents. For water, water quality tests were conducted. Large scale testing 
was conducted within a shipping container. 

 All batteries tested emitted toxic fumes, the toxicity being similar to a plastics fire and 
therefore a precedent exists. 

 Water application rates of 0.10 GPM/kg of battery cells are estimated. 
 Water application rates of 250 GPM is more than sufficient for typical battery systems on 

the market, provided that cascading protections and external fire rating requirements are 
also met. 

 Based on calculations for a 1,000 kWH system, water requirements for an entire 
Megapack would total 358 GPM (report Table 10, assuming 1,200 kg/Megapack module, 
17 modules per Megapack)). 

 The pH of runoff water from the module burn tests was measured to be anywhere from 
pH 6 to pH 11 (with pH 11 being from a submerged batter arrangement). However, many 
of the same contaminants found from plastics fires were common to those found from 
battery fires. 

 Suppression of large, fully involved systems may take more time than fires of similar size 
with different fuels. It is recommended fire service personnel continue to suppress with 
water for as long as required and then ensure the system is fully cooled throughout once 
suppression appears complete. 

 While extinguishing was accomplished with all extinguishers, water demonstrated the 
best ability to cool and maintain cool temperatures on the battery. 

 

BLUM 2016: Review of Battery Accidents 

 water samples collected after extinguishing Li-ion batteries on vehicles showed 
concentrations of fluoride and chloride. 

 

Tesla large scale fire test: Powerpack 

 Duration of fire test – 3 hours 19 minutes. 
 

Tesla Large Scale Fire Test: Megapack, Fisher Engineering 

 Duration of test – 3 hours 30 minutes. 
 

Fire Water Durations: Various codes and standards for industry require a duration for fire water, 
ranging from 2 – 4 hours (NFPA, API, IRI, CCPS, CFC). 

Fire Water Contamination 

Normal operational and stormwater discharges from facilities are governed by the National 
Pollution Discharge Elimination System (NPDES).  Fire water is not included in NPDES permits 
as it is an emergency use. The City of Goleta Stormwater Management Plan exempts “emergency 
firefighting discharges”. Furthermore, the failure rate of battery systems (described in greater 
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detail later in this report) is extraordinarily low; failures that produce outgassing that would likely 
be addressed with application of fire water by the Fire Department are estimated to be once every 
10,989 years.  As indicated by NFPA 855 Annex C.7 as well as DNVGL studies (DNVGL 2017), 
pollutants are not expected to be present in battery fire water in large quantities or in quantities 
larger than any other similar fire (see below). Because it would be an extremely rare event and is 
not covered by current regulations regarding water discharges (NPDES) and would be similar to 
fire events associated with other development projects, contaminants in fire water are not 
considered a significant issue and are not expected to be analyzed pursuant to CEQA.  

However, in order to give an indication of the level of contaminants that might be expected in fire 
water from a battery fire, and to provide information and full disclosure, this report examines the 
potential peak levels of water contamination that could occur if all of the cell-level off gassed 
materials are absorbed by the fire water and compares this to a range of NPDES requirements. 

NPDES requirements generally only cover a short list of pollutants or pollutant inducing 
conditions, including biological oxygen demand (BOD), total suspended solids (TSS), chemical 
oxygen demand (COD), oil and grease, phenolic compounds, total chromium and hexavalent 
chrome (as per the EPA NPDES requirements section 419.53). None of these would be considered 
an issue associated with Megapacks and none of these pollutants were indicated in any of the 
historical monitoring reports associated with lithium battery events (see Table 2 above). 
Additionally, NPDES permits can have additional compound-specific limits in a facility’s permits. 
For example, the Goleta Wastewater Treatment Plant (NPDES NO. CA0048160) has a large range 
of pollutants that are examined related to effluent discharges to the ocean. These include a range 
of pollutants such as arsenic, lead, mercury, cyanide, acrolein, etc. In addition, NPDES permits for 
industrial stormwater and for “low threat” facilities also have pollutant specific limits. The 
intention of listing a range of NPDES levels is to indicate the relative severity of the discharge 
concentrations. 

Studies on fire water contamination associated with battery fires are limited. A few studies related 
to battery fire water contamination include studies conducted by DNVGL and NFPA 855. DNVGL 
(DNVGL 2017) conducted tests on batteries examining the most effective firefighting measures, 
and concluded that: 

“for most tests the water runoff was slightly acidic measuring pH 6 - 7. In one case, 
however, the water became alkaline climbing to pH 10-11 after a few hours of submersion. 
This case was observed for a battery that was highly consumed in the fire”.  

The application of water directly on the Megapack would not allow for direct contact of the water 
with the lithium-ion battery cells. The cells are protected by the Megapack enclosure and their 
module shells. This protection effectively limits the extent to which the water could become 
contaminated with battery elements. Changes to water quality or pH will therefore be limited under 
the scenarios associated with Megapack fire response activities. Although the DNVGL testing 
indicates high pH levels for one case, that one case was for a submerged battery in a static tub of 
water and is not representative of firefighting measures that would be employed at a site with a 
Megapack. (See Tesla letter in Exhibit H). 
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NFPA 855 Annex C.7 also indicates that: 

“Though trace amounts of heavy metals such as nickel and cobalt [depending on battery 
type] can be deposited from combustion of the batteries, these elements are not expected 
to be present in large quantities or in quantities larger than any other similar fire. In most 
instances, water exposed to the batteries shows very mild acidity, with an approximate pH 
of 6”.  

Therefore, water pH would not be expected to exceed a range of 6 – 7 and trace levels of 
contaminants are expected to be similar to fires associated with other industries and fires.  

A battery fire would generate pollutants in the off gassed materials due to both the battery cells 
themselves, and from materials that would be associated with any facility fire, industrial, 
commercial or residential, such as the combustion of plastics, electrical components, etc. Each of 
these is discussed below. 

Battery Cell Pollutants Only 

Tesla has conducted toxic material off gassing sampling associated with both cell level tests and 
with the entire module or Megapack tests. Table 9 lists pollutants identified from only the cell 
level tests.  Table 2 and Table 3 lists pollutants identified from entire module or Megapack tests. 
These pollutants that have been identified in the off gassed materials for only the battery cells, and 
therefore related to the battery off gassing only, and are associated with NPDES allowable limits, 
are listed in Table 9 along with the estimated fire water concentration given a 1,500 gpm water 
flowrate (a level confirmed by the Fire Department) and assuming 100% of the off gassed pollutant 
is absorbed by the water for a Megapack off gassing event (a very conservative assumption).  

Even though NPDES standards do not apply to the battery storage project since it is not a discharge 
facility, Table 9 identifies the NPDES standards for the applicable pollutants for a range of 
discharge facility permit types to demonstrate that the battery storage fire water potential 
contamination level would be below the levels of other discharge facilities and their applicable 
NPDES allowable concentrations.  For pollutants related to the battery cells, all concentrations 
would be below any of the NPDES limits indicating that a battery fire would not produce any 
unusual pollutant discharges if a fire were to occur. 
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Table 9 Potential Fire Water Contaminants from Battery Cell-Level Testing 

Pollutant Potential Fire 
Water 

Contaminant 
Level 

NPDES 
Allowable 

Concentrations: 
WWTP 

Discharge Levels 

NPDES 
Allowable 

Concentrations: 
Industrial 

Stormwater 

NPDES 
Allowable 

Concentrations: 
Low Threat 

Facilities 

Toluene 103 ug/l 3 10 million ug/l 2 * 150 ug/l 5 
Styrene 5.1 ug/l 3 *** * ** 

Methanol 278 ug/l 3 75,000 ug/l 1 15,000 ug/l 4 ** 
pH 6 – 7 6 6 – 9 7 6 - 9 7 6 - 9 7 

Notes: 1) instantaneous maximum from GWWTP NPDES permit. Methanol based on oil/grease levels. 2) Goleta 
Wastewater Treatment Plant (NPDES NO. CA0048160) permit average monthly. Instantaneous not available. 3) 
Peak levels identified in cell battery fire studies by Tesla. 4) General Permit For Storm Water Discharges Associated 
With Industrial Activities order NPDES no. cas000001, average annual (no instantaneous value listed) Table 2. 
Methanol based on oil/grease levels. 5) National Pollutant Discharge Elimination System (NPDES) General Permit 
For Discharges with Low Threat To Water Quality ORDER NO. R3-2017-0042 NPDES NO. CAG993001, effluent 
to inland surface waters, bays and estuaries Table 4. 6) estimates of pH range based on DNVGL 2017 and NFPA 
855. 7) NPDES pH allowable limits. 
* Industrial stormwater NPDES permit only addresses metals and not volatile organics. ** Not addressed in low 
threat listing Table 4. *** not addressed in WWTP NPDES permit. 
Does not include volatile hydrocarbons (methane, propane, acetylene) which can also be produced by combustion of 
cells but are not NPDES pollutants. 
Source: Tesla cell level testing indicates NPDES pollutants/conditions (toluene, styrene, methanol, pH) as well as 
non-NPDES pollutants (methane, propane, acetylene, CO, CO2).  
 

Other Industrial Related Pollutants 

For any residential, commercial, or industrial fire, there could be a number of pollutants released 
from a fire that could contaminate fire water. For this project, these pollutants are not directly 
related to the battery cell and are therefore pollutants that could be realized during a fire at any 
development project. During the high heat of the combustion process, the plastics and other 
materials that are used in the Megapacks will combust, thereby producing pollutants related to 
combustion. As indicated above, the NFPA 855 Annex C.7 indicates that, for lithium-ion batteries, 
in fire water, “elements are not expected to be present in large quantities or in quantities larger 
than any other similar fire” and DNVGL (DNVGL 2017) indicates that “many of the same 
contaminants found from plastics fires were common to those found from battery fires”. 

As discussed below under the scenario frequencies, the Megapacks have a number of design 
features that ensure a low frequency of failures, including redundant safety controls; venting 
system; a battery management system; remote monitoring of the battery operations; design and 
testing as per UL standards to ensure minimal potential for propagation to nearby cells; and 
monitoring through the use of fire detection. All of these measures ensure that the frequency of a 
battery malfunction requiring the application of water for a fire is very low. 
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5.8 Isolation and Protective Action Distances 
In the event of a fire and/or off gassing at the facility, the USDOT Emergency Response Guide 
provides estimates of the initial isolation and protective action distances recommended for small 
and large spills (defined as less than or more than 55 gallons). The isolation and protective action 
distances for lithium ion batteries (Guide 147) is as follows: 

 Isolate spill or leak area for at least 25 meters (75 feet) in all directions. 

 Large Spill: Consider initial downwind evacuation for at least 100 meters (330 feet). 

 Fire: If rail car or trailer is involved in a fire, isolate for 500 meters (1/3 mile) in all 
directions; also initiate evacuation including emergency responders for 500 meters (1/3 
mile) in all directions. 

6.0 Quantitative Risk Analysis 
A quantitative risk analysis (QRA) involves assessing the potential impacts of exposing the public 
to flammable and toxic materials, in terms of fatalities and serious injuries, and then assessing the 
frequency that these scenarios could occur. The results are plotted on a frequency-cumulative 
number of occurrences plot (an FN curve). The County thresholds define areas on the FN curve 
that are considered acceptable and those area which are considered unacceptable. Any areas in the 
“Green” region are considered acceptable and less than significant. The County thresholds FN 
curves are shown in Figure 5. 

The County’s FN curves were originally developed based upon the United Kingdom and the 
Netherlands research and guidance on societal risk associated with facilities handling hazardous 
materials. The societal risk criteria developed by the United Kingdom Health and Safety Executive 
(UKHSE) for facilities handling hazardous materials is discussed in a guidance document titled 
Reducing Risks, Protecting People (UKHSE 2001). The UKHSE Hazardous Installation 
Directorate (HID) also developed an annex to this document titled Societal Risk and Societal 
Concern that specifically addresses societal concerns and societal risk and defines a set of 
acceptable and unacceptable societal risk areas for specific projects. The determinations of 
acceptable and unacceptable social risk outlined in the aforementioned document emulate the 
green, amber, and red zones that are currently used by Santa Barbara County.  

Occupational safety or risk is governed by State and Federal Occupational Safety and Health 
Administration (OSHA) standards and is considered to be ‘voluntary’ risk. Voluntary risk 
addresses exposure to potential hazards associated with an activity, such as driving a car, work 
activities and others, that is consciously undertaken by an individual and is evaluated according to 
different standards than those applied in assessing involuntary exposure. The public safety 
thresholds addressed under this analysis do not apply to occupational safety. 

The development of a hazards assessment typically involves four major tasks that include the 
following: 

 Identification of release scenarios,  
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 Determine the consequences of each release scenario, 
 Development of probabilities of occurrence for each release scenario that could impact the 

public, and 
 Development of risk estimates (risk profiles, risk contours, risk matrix, etc.). 

The inter-relationship and specific elements for each of these tasks are shown in Figure 6.  
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Figure 6 Steps Involved in Developing a Quantitative Risk Assessment 

 

 

 

Reference Data Sources

Hazards Analysis Tasks

Local Site Data

Analysis Complete
No impacts to the Public

NNO

            YES

Develop Mitigation 
Measures if Needed

Conduct Consequence 
Modeling

Develop Local Population 
Data

Construct Risk Profiles

Identify  Release Scenarios Determination of Consequences

Development of Public Risk 
Estimate

Review Project Specific 
Data

Develop Release 
Scenarios

Develop Meteorological 
Conditions

Select Exposure Criteria 
and Estimated 

Injury/Fatality Rates

Development of Release 
Frequencies

Determine Equipment 
Inventories

Develop Equipment 
Specific Failure Frequency

Do Consequence Modeling Hazard Zones Impact Offsite Populations?



Goleta Energy Project Risk Assessment 

 1 May 2021 

Impacts and Levels of Concern 

Modeling, as discussed above, was performed to estimate the distances at which impacts could be 
experienced at different concentrations (levels of concern). The ERPG values are used to estimate 
the extent of fatality impacts (ERPG-3) and serious injury impacts (ERPG-2). Fatality rates are 
assumed to be 2.75% for persons exposed to these levels based on an average of the IDLH and 
ERPG-3 fatality rates using the probit method (CCPS 1989). Serious injury rates are assumed to 
be 10% of persons exposed to the ERPG-2 levels.  

For flammable impacts, exposure to vapor clouds and flash fires above the LFL, are assumed to 
produce 100% fatalities if the cloud ignites, with a 10% rate of serious injury within the ½ LFL if 
the cloud ignites. These levels are based on experiments done by Texas A&M Engineering 
Extension Service (TEEX) on flash fires for propane found that the peak heat flux was around 200 
kW/m2 and the duration was between 2 and 3 seconds (Child, 2016). This level of thermal dosage 
would result in a fatality. People outside of the LFL area could experience thermal radiation 
exposure for about three seconds. Exposure to 50 kW/m2 for three seconds can result in second 
degree burns (Lee 2012). The distance to 50 kW/m2 was taken as the ½ LFL value, which is 
conservative. 

Ignition probabilities offsite are based on light industrial areas with a 10% rate of vapor cloud 
ignition. 

For exposure to thermal impacts from fires, the exposure assumes 10% fatalities with radiation 
levels above 10 kw/m2 and 10% injuries with thermal radiation levels above 5 kw/m2. These levels 
are based on several probit functions that have been developed to estimate the potential for 
fatalities from exposure to various thermal radiation levels. These probit functions are based upon 
results from experiments carried out on animals and humans and are commonly used in this type 
of hazards assessment. The most commonly used are probits developed by Eisenberg, Lees, Tsao 
& Perry and TNO (HSE 2001). 

Populations 

Populations that could be exposed include the areas at the M-Special brewing company, the 
parking lot areas to the south, the proposed Cortuna Apartments to the north and vehicles along 
Storke Road. The Cortona Apartments are assumed to be 3 stories, with an estimated 20 units in 
the closest apartment building. An estimated 2.5 persons per unit is assumed, based on 2010 census 
data for Santa Barbara County persons per housing unit. 

Meteorological Data  

The meteorological data shown in Figure 7 represents the meteorological conditions at the site and 
are from the APCD Goleta monitoring station for the years 2012-2016. The wind rose shows the 
predominant wind is from the north and the south. 
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Figure 7 Meteorological Wind Rose 

 

Note: For the Goleta Monitoring Station 2012-2016. Wind Rose shows the wind based on the direction the wind is 
from. 
 

Scenario Frequencies 

Megapacks have not been installed at any facilities at this time as they are a recent iteration of the 
Tesla product line. However, the same components (battery cells, control systems, etc.) are utilized 
in other Tesla products, particularly the Tesla PowerPacks, which have an extensive installation 
base. Testing and operations of the PowerPacks is considered to be representative of the 
Megapacks as the battery cells are identical and any thermal runaway scenario would produce the 
same pollutant concentrations and emissions rate per battery cell. The Megapacks have a number 
of design features that ensure a low frequency of failures, including: 

 A parallel battery module architecture that provides redundant safety controls with isolated 
architecture that reduces events such as architectural faults; 

 Dedicated venting system to direct any off gases vertically with sparkers to ensure 
combustion and prevent deflagration; 



Goleta Energy Project Risk Assessment 

 3 May 2021 

 Pre-assembled and pre-tested systems with a single operator interface ensures minimal 
installation and commissioning interfaces; 

 Weatherproof enclosures built to IP66 requirements minimizes the potential for 
environmental and physical exposures; 

 A battery management system that monitors and ensures the cells are operated within 
appropriate limits; 

 Remote monitoring of the battery operations, including temperatures, by Tesla and the 
battery operator; 

 Testing as per UL standards to ensure that batteries will perform in a safe manner with 
minimal potential for propagation to nearby cells; 

 Monitoring through the use of fire detection to ensure rapid response in the event of 
problems. 

Since 2015, 17 schools in California have had Tesla Stationary Energy Storage Projects installed 
and according to Tesla, the total installed base of stationary energy storage products totals over 
5,000 MWh (5 GWh) at over 61,000 sites, including over 1,000 industrial sites, with almost half 
a billion operating hours without any recorded thermal runaway events (note this includes a range 
of battery sizes and configurations). Therefore, in order to conservatively estimate the failure rates 
of battery systems, the failure rate is based on the replacement rate of similar battery systems. 
Tesla indicates that there is a replacement rate of the PowerPacks of about 0.007%. This 
replacement rate was conservatively scaled upward to account for the greater number of battery 
cells located in a Megapack as opposed to a PowerPack (about 13 times more cells) with a 
conservative estimated 10% of replacement failures generating outgassing of flammable and toxic 
materials from a multicell event and 1.0% of replacement failures producing a Megapack event. 
The base failure rate for a single Megapack was therefore estimated to be 9.1 x 10-5 failures per 
year (once every 10,989 years) that produce outgassing (as a multicell event). Note that the site is 
proposing the installation of multiple Megapacks, although only a subset number of Megapacks 
are close enough to the site boundaries to cause impacts to receptors. 

Although the nationwide experience with battery installations is not as extensive as oil and gas, 
for example, there is some experience to be able to estimate failure rates. In order to provide some 
perspective and additional substantial evidence of the failure rates of battery systems and the extent 
of battery installations, a review of the battery installations across the U.S. is provided. The Energy 
Information Agency conducts surveys through the EIA-860 form for all industrial-sized electricity 
generators nationwide. As per the most recent data (EIA 2020), 188 battery installations are 
currently operating nationwide ranging in size up to 250 MW. In California, there are currently 55 
installations averaging about 10 MW in size. There are an additional 144 installations in the 
planning stages nationwide, and 45 in California. In 2019, 92% of the battery installations utilized 
lithium-ion technology nationwide. The EIA database includes battery installations back to 2012, 
with a total installed operating experience of 4,606 MW-years.  
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The only thermal off gassing incident (utilizing lithium-ion technology) identified was an April 
2019 incident at the Arizona Public Services facility (DNVGL 2020). In this incident, a single LG 
Chem battery rack located in a container system thermally off gassed and caught fire and, after 3 
hours, the container was opened, resulting in an explosion of the flammable gasses causing injuries 
to fire fighters. The thermal off gassing and fire did not spread to the other 27 racks in the container. 
Based on a single event with the operating experience defined above, the failure rate for a single 
rack system is estimated at 1.6x10 - 5 failures per year, which is lower than the estimate based on 
the replacement rate above. The higher failure rate is utilized in this analysis to be conservative. 

Quantitative Risk Assessment Results 

The impact zones, the levels of concern and the vulnerability criteria, the scenario frequencies, the 
population densities, and the wind direction frequencies are combined to produce the FN curves 
shown in Figure 8. The results of the risk assessment shown in Figure 8 indicate that the risk levels 
would be in the green “acceptable” region and impacts would be less than significant. The FN 
curves indicate that the risk of realizing a fatality would be less than 1 in a million years, and the 
risks of realizing a serious injury would be less than 1 in 200,000 years. The FN curves show the 
frequency (along the y-axis) plotted against the number of fatalities/injuries (along the x-axis). The 
frequency and fatalities/injuries are listed in scientific notation on a logarithmic scale.  

7.0 Recommendations 
Recommendations related to siting and megapack installation would help to ensure that the 
potential for significant events are minimized. These would include the following: 

1. All batteries shall be discharged to below 30% state of charge (SOC) during the 
construction/installation phases. 

2. Any replacement or maintenance of batteries requiring the use of heavy construction 
equipment, such as cranes or forklifts, shall be conducted only on batteries discharged to 
below 30% SOC and nearby batteries that could be affected shall also be discharged to 
below 30% SOC. 

3. Vehicle impact bollards or equivalent shall be installed to reduce the potential for vehicle 
impacts (as per NFPA 855 section 4.3.7). 

4. Install detection systems for both flame and gas detection, being equal to or similar to the 
Det-Tronics x3302 flame and the Det-Tronic CGS gas detectors.  

5. Monitoring and detection systems shall alarm locally and both visually and audibly, shall 
be monitored by a 24-hour system and shall notify the local Fire Department. Indication 
shall be provided to responders indicating which Megapack is experiencing issues. 
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6. Develop an Emergency Operations Plan in compliance with sections of NFPA 855, 
including  

a. procedures for safe shutdown, de-energizing and isolation of equipment under 
emergency situations;  

b. procedures for inspection and testing of alarms, interlocks, detection systems and 
controls including recordkeeping;  

c. procedures to be followed in response to notification from the storage systems that 
could signify dangerous situations, including shutting down equipment and 
notification to the local fire department; and  

d. procedures and schedules for conducting drills of the procedures. 

7. Develop a Site Safety Plan prior to startup, that identifies and summarizes the design safety 
features identified in the Project description and measures required pursuant to the 
measures above. Measures required by the Fire Department shall be included in the Site 
Safety Plan. The Plan shall include a graphic depiction of Project safety features and 
equipment onsite, including but not limited to, the following:  

a. Fire prevention, detection, and suppression features, including  

i. a description of the BMS and the monitoring of alarms and battery cell 
conditions and thresholds for alarms;  

ii. flame and gas detection systems, including the location of detection, type 
of detection and the monitoring of alarms (NFPA 855 Section 4.10);  

iii. availability of water for fire fighting and compliance with Fire Department 
requirements for flow and availability (NFPA 855 Section 4.13);  

b. Emergency response procedures, including notification of local responders;  

c. Personnel safety training;  

d. Fire suppression and other safety features/equipment located at the site;  

e. Type and placement of warning signs;  

f. Emergency ingress and egress routes;  

g. Special safety measures to be implemented for battery installation and replacement, 
including disposal of replaced (discarded) equipment;  

h. Provisions and timing for updating the Plan to incorporate new or changed 
requirements;  
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i. Control of vegetation (NFPA 855 Section 4.4.3.6);  

j. Security of installations (NFPA 855 Section 4.3.8);  

k. Access roads design (NFPA Section 4.3.8);  

l. Signage (NFPA Section 4.3.5); and  

m. Remediation measures (NFPA 855 Section 4.16) including authorized service 
personnel and fire mitigation personnel. 

8. Provide a copy of an NFPA 855 compliance audit report to verify that the system is 
designed and built to comply with the NFPA 855 requirements prior to system startup. 

9. Provide documentation indicating that batteries are listed in accordance with UL 1973 and 
listed in accordance with UL 9540. 

10. Ensure that Megapack batteries are located at least 10 feet from lot lines as per NFPA 855. 

Studies have shown (Golubkov 2015) that the potential for thermal runaway is a strong function 
of the level of charge of the batteries, with batteries that are charged below 50% exhibiting a lower 
potential for runaway and lower levels of offgassed volume given an external accident scenario. 
Therefore, when construction equipment is operating onsite, batteries that could be affected should 
be discharged to less than 30% SOC in order to reduce the potential for thermal-runaway accidents.  

In addition, ensuring all batteries are protected from vehicle impacts would reduce the potential 
for accident scenarios associated with vehicle impacts.  

Detection systems allow for efficient response coordination and rapid detection of potential issues 
of concern. Both flame detection and gas detection are recommended to ensure detection of a range 
of scenarios, with local and remote notifications. 

An Emergency Operations Plan ensures procedures are in place to respond to emergency scenarios 
including notification to the local responders. 

A Site Safety plan and associated audit would ensure that descriptions of detection systems and 
testing as well as training and a range of other issues are addressed and to ensure compliance with 
existing codes and standards. 

8.0 NFPA 855 Hazard Mitigation Analysis Requirements 
NFPA 855 Section 4.1.4 requires a hazard mitigation analysis under the following circumstances: 

1. When technologies are specifically not addressed in Table 1.3 

2. More than one ESS technology is provided in a room or indoor area where adverse 
interaction between the technologies is possible 
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3. When allowed as a basis for increasing the maximum stored energy as specified in 4.8.1 
and 4.8.2. 

The lithium technology is specifically listed in NFPA 855 Table 1.3 and the technology is not 
located inside of a room. Therefore, numbers 1 and 2 are not applicable.  

NFPA 855 Section 4.8.1 is applicable to areas in non-dedicated use buildings and is not applicable 
to this project as this project would be located entirely outside with no buildings.  

NFPA 855 Section 4.8.2 allows for approval of an outdoor ESS installation that exceed 600 kWH 
if a hazard mitigation analysis in accordance with section 4.1.4 and large scale fire testing as per 
4.1.5. 

NFPA 855 Section 4.8(2) indicates that “Outdoor ESS installations in locations near exposures as 
described in 4.4.3.1(2) [within 100 feet of buildings] shall not exceed the maximum stored energy 
values in Table 4.8 [600 kWH] except as permitted by 4.8.3.” 

NFPA 855 Section 4.1.4 addresses the requirements for a hazard mitigation analysis. Section 
4.1.4.2 specifies: 

4.1.4.2 The analysis shall evaluate the consequences of the following failure modes and other 
deemed necessary: 

1. Thermal runaway condition in a single module, array or unit 

2. Failure of an energy storage management system 

3. Failure of a required ventilation or exhaust system 

4. Failure of a required smoke detection, fire detection, fire suppression or gas detection 
system. 

In addition, NFPA 855 Section 4.1.4.3 indicates that a hazard mitigation analysis should 
demonstrate the following: 

1. Fire will be contained within unoccupied ESS rooms for the minimum duration of the fire 
resistance rate specified in 4.3.6 

2. Suitable deflagration protection is provided where required 

3. ESS cabinets in occupied work centers allow occupants to safely evacuate in fire conditions 

4. Toxic and highly toxic gases released during normal charging, discharging, and operation 
with not exceed the PEL in the area where the ESS is contained. 

5. Toxic and highly toxic gases released during fires and other fault conditions will not reach 
IDLH concentrations in the building or adjacent means of egress routes during the time 
deemed necessary to evacuate from that area 
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6. Flammable gases released during charging, discharging and normal operations will not 
exceed 25 percent of the LFL 

This report documents the reasonable worst-case failure that could lead to a release of toxic and 
flammable materials, and documents that the levels of toxic and flammable materials do not exceed 
the risk thresholds required under CEQA for the City of Goleta. This report indicates that the 
primary focus is on the worst-case reasonable scenario which could produce the largest impacts. 
This report also indicates that it is assumed that the control systems fail and do not control the 
battery cell malfunction in line with the requirements for a hazard mitigation analysis under NFPA 
855, Section 4.1.4.2. 

The analysis in this report demonstrates, in response to the above listings from NFPA 855 Section 
4.1.4.3, that: 

1. The process would be located outside, so containment of fire within rooms is not 
applicable. 

2. Deflagration protection is provided in the form of over-pressure ventilation and sparkers 
to ensure combustion of gasses as well as the facilities would be installed outside, thereby 
reducing the potential for deflagration. 

3. There would not be any occupied work centers as all cabinets would be located outside. 

4. During normal charging, discharging, and operation operations, no discharges of toxic 
materials would occur. 

5. Reasonable worst-case fault conditions would release flammable and toxic materials, but 
the risk levels are determined to be acceptable by the CEQA and City of Goleta guidelines. 
Multiple egress routes (to the east and to the south) are available and detection systems, 
including the flame detection and gas detection systems, would allow for egress routes to 
be utilized during the time necessary to evacuate from the area. 

6. During normal charging, discharging operations, no discharges of flammable materials 
would occur and therefore the 25 percent of the LFL levels would not be exceeded. 

NFPA 855 Section 4.1.5 requires large scale fire testing, which was conducted by Tesla and TUV 
and is included as Exhibit A in this report. 

Therefore, this report could be used to satisfy the NFPA 855 requirements for a hazard mitigation 
analysis. 

The concerns in NFPA 855 related to the 100 foot distances from nearby buildings (NFPA 855 
Section 4.8(2) and 4.8.2 and 4.4.3.1) is related to exposures of nearby buildings and nearby 
receptors to potential off gassing events. This report addresses this concern by utilizing the Santa 
Barbara County and City of Goleta Risk Assessment Guidelines and CEQA thresholds to 
determine the acceptability of placing the systems within 100 feet of buildings and having 
buildings potentially be exposed to toxic or flammable materials above levels of concern given a 
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reasonable worst case scenarios (as per NFPA 855 Section 4.8 (2), 4.1.4, 4.1.5 and 4.4.3.1). Using 
the detailed quantitative risk analysis approach detailed in this report demonstrates that the risks 
are acceptable. 

In addition, the 2019 CFC Section 1206.2.3 states that:  

A failure modes and effects analysis (FMEA) or other approved hazard mitigation analysis shall 
be provided in accordance with Section 104.7.2 under any of the following conditions: 

1. Battery technologies not specifically identified in Table 1206.2 are provided. 

2. More than one stationary storage battery technology is provided in a room or indoor area 
where there is a potential for adverse interaction between technologies. 

3. Where allowed as a basis for increasing maximum allowable quantities in accordance with 
Section 1206.2.9. 

And, as per 1206.2.9, Maximum Allowable Quantities: 

Fire areas within buildings containing stationary storage battery systems exceeding the maximum 
allowable quantities in Table 1206.2.9 (600 kWH for Lithium) shall comply with all applicable 
Group H occupancy requirements in this code and the California Building Code. 

The proposed battery storage system is a lithium system, as listed in Table 1206.2, does not utilize 
more than one stationary battery technology, and is not located within a building. Note that Table 
1206.2.9 is related to occupancy issues. There are no occupancy issues at the site as everything is 
located outside. The installation therefore does not qualify for a FMEA analysis requirement under 
the 2019 CFC Section 1206.2.3, although a hazards mitigation analysis as an alternative approach 
meeting the requirements under NFPA 855 has been conducted in the form of this report as 
discussed above. 

The California Fire Code section CFC 1206.10.1 requires that battery systems be listed in 
accordance with UL 1973. The Tesla battery systems have been tested and certified to comply 
with UL 1973 and UL 9540 by the certification and testing company TUVRheinland, which is a 
part of the OSHA NRTL Program. These certifications are included in Exhibit B and C. 

9.0 Summary of Impacts and Conclusions 
Results from the analysis indicate that the reasonable worst-case battery cell malfunction scenarios 
would result in risk impacts below the significant thresholds. Recommendations would help to 
ensure that the battery systems do not suffer malfunctions from external events and appropriate 
planning and audits have been implemented. Therefore, the risk impacts for the battery facility are 
considered less than significant. 
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TEST REPORT 
ANSI/CAN/UL 9540A:2019 

Test Method for Evaluating Thermal Runaway Fire Propagation in Battery Energy Storage Systems 
 
  
Report Number............................... : 32072059.001 

Date of issue .................................. : June 17, 2020 

Total number of pages .................. : 25 
 
Name of Testing Laboratory 
preparing the Report ..................... : 

TÜV Rheinland of North America, Inc. 
1279 Quarry Lane, Suite A, Pleasanton, CA 94566 

Applicant’s name ........................... : Tesla, Inc. 
Address .......................................... : 3500 Deer Creek Road, Palo Alto, CA 94304 

Test specification:  
Standard ......................................... : ANSI/CAN/UL 9540A:2019 

Test procedure ............................... : Report 

Non-standard test method ............ : N/A 

Test Report Form No. .................... : N/A 

Test Report Form(s) Originator .... : N/A 

Master TRF ..................................... : Dated 2019-01-17 

General disclaimer: 
The test results presented in this report relate only to the object tested. 
This report shall not be reproduced, except in full, without the written approval of the Issuing Testing 
Laboratory. The authenticity of this Test Report and its contents can be verified by contacting the CB, 
responsible for this Test Report.  
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Test item description ....................... : Battery Energy Storage System 

Trade Mark ........................................ : Tesla 

Manufacturer ..................................... : Tesla, Inc, (new # 1210368) 
3500 Deer Creek Rd, Palo Alto, CA 94304 

Model/Type reference ...................... : 1462965-XX-Y Megapack 
XX – can be any number from 00 to 99. XX – represents style 
codes used for different variants of the same part, having no 
impact on the safety and functionality of the entire product. 
Y – can be any upper case letter from A to Z. Y – represents 
pedigree and is used for tracking changes to parts that have 
already been released to suppliers or production, having no 
impact on the safety and functionality of the entire product 

Ratings .............................................. : 1) 480Vac, 1264.5 kW, 1573 kVA 
2) 505Vac, 1264.5 kW, 1654.9 kVA 
(3 phase 3 wire or 3 phase 4 wire) 
Battery capacity 4hr: 2964.8kWh 
Battery capacity 2hr: 2529kWh  

 

Responsible Testing Laboratory (as applicable), testing procedure and testing location(s): 

 Testing Laboratory: TÜV Rheinland of North America, Inc. 
1279 Quarry Lane, Suite A, Pleasanton, CA 94566 

Testing location/ address ............................ :  

Tested by (name, function, signature) ....... :   

Approved by (name, function, signature) .. :   
 

 Testing procedure: CTF Stage 1/TMP: Tesla, Inc. 

Testing location/ address ............................ : 3500 Deer Creek Road, Palo Alto, CA 94304 

Tested by (name, function, signature) ....... : Justin Goh/ 
Himanshu Vaidya 

 

Approved by (name, function, signature) .. : Howard Liu  
 

 Testing procedure: CTF Stage 2/WMT:  

Testing location/ address ............................ :  

Tested by (name + signature) ..................... :   

Witnessed by (name, function, signature) . :   

Approved by (name, function, signature) .. :   
 

 Testing procedure: CTF Stage 3/SMT:  

 Testing procedure: CTF Stage 4:  

Testing location/ address ............................ :  

Tested by (name, function, signature) ....... :   

Witnessed by (name, function, signature) . :   

Approved by (name, function, signature) .. :   

Supervised by (name, function, signature) :   
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List of Attachments (including a total number of pages in each attachment):  

1. Test package with testing equipment list 
2. Photo documentation 
 
 

Summary of testing: 

Tests performed (name of test and test 
clause): 
 
9540A cl 9 – Unit Level  

Testing location: 
 
Tesla, Inc. 
Tesla Battery Test Facility 
Fernley, Nevada 

Summary of compliance with National Differences (List of countries addressed): N/A 
 
 
 
 

 The product fulfils the requirements of _________ (insert standard number and edition and 
delete the text in parenthesis, leave it blank or delete the whole sentence, if not applicable) 
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Possible test case verdicts:  

- test case does not apply to the test object .... : N/A 

- test object does meet the requirement ........... : P (Pass) 

- test object does not meet the requirement .... : F (Fail) 

Testing:  

Date of receipt of test item ................................. : May 10, 2020 

Date (s) of performance of tests ........................ : May 13, 2020 
 

General remarks: 

"(See Enclosure #)" refers to additional information appended to the report. 
"(See appended table)" refers to a table appended to the report. 
 
Throughout this report a  comma /  point is used as the decimal separator. 
 

Name and address of factory (ies) ................. :  
 
 
 

Copy of marking plate: Use –  “Only for use with Tesla Products” 
“The artwork below may be only a draft. The use of certification marks on a product must be authorized by 
the respective NCB’ s that own these marks” 
 
 
General product information and other remarks: 
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ANSI/CAN/UL 9540A:2019 

Clause Requirement – Test  Result – Remark  Verdict 

 

CONSTRUCTION -- 

5 General -- 

5.1 Cell  P 

5.1.1 The cells associated with the BESS that were 
tested shall be documented in the test report 

Panasonic Model NCR2170D 
LiNiCoAlO2 
Cylindrical 
Lithium ion battery 
Rated capacity (Ah): 3930mAh 
Nominal voltage (V): 3.6V 
Upper limit charging voltage (V) : 4.2V 
Nominal mass (g): 70.6g or less (68.1g 
typ) 
External dimensions (mm): 21+/-
0.12mm diameter 
70+/-0.25mm height 

P 

5.1.2 The cell documentation included in the test 
report shall indicate if the cells associated with 
the BESS comply with UL 1973 

Battery module is compliant with UL 
1973. Cell is compliant with UL 1642. 

P 

5.1.3 Refer to 7.6.1 for further details See 7.6.1 N/A 

5.2 Module   P 
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5.2.1 The modules associated with the BESS that 
were tested shall be documented in the test 
report 

Battery module (12 modules in series): 
Rated Voltage 
MV (before DCDC converter) nominal 
voltage: 400V 
MV max. charge voltage: 470 
V(operational) (460 V full 
power) 
MV min. discharge voltage: 216 V 
(operational) (324 V full 
power) 
Rated Current 
Max. HV charge/discharge current: 
116 A (2 hr), 58 A (4 
hr) 
Max. MV charge/discharge current: 
280.8 A (2 hr), 143.8 A 
(4 hr) 
Max. HV charge and discharge power: 
125 kW (2 hr), 52 
kW (4 hr) 
Battery module: 
Nominal voltage: 33.3 V 
Max charge voltage: 38.75 
V(operational) (37.75 V full 
power) 
Min. discharge voltage: 18 V 
(operational) (27 V full power) 

P 

5.2.2 The module documentation included in the test 
report shall indicate if the modules associated 
with the BESS comply with UL 1973 

Battery module is compliant with UL 
1973 

P 

5.2.3 Refer to 8.3 for further details See 8.3 N/A 

5.3 Battery energy storage system unit  P 

5.3.1 The BESS unit documentation included in the 
test report shall indicate the units that comply 
with UL 9540 

UL 9540 compliant  P 

5.3.2 For BESS units for which UL 9540 compliance 
cannot be determined,  

See above N/A 

5.3.3 If applicable, the details of any fire detection 
and suppression systems that are an integral 
part of the BESS shall be noted in the test 
report 

No fire detection and suppression 
systems used 

N/A 

5.3.4 Refer to 9.7, 10.4 and 10.7 for further details See 9.7 P 

5.4 Flow Batteries  N/A 

5.4.1 For flow batteries, the report will cover the 
chemistry, as well as the electrical rating in 
capacity and nominal voltage of the cell stack 

Not flow batteries N/A 

5.4.2 The flow battery documentation included in the 
test report shall indicate if the flow battery 
system complies with UL 1973 

 N/A 
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5.4.3 See 7.6.2 for further details  N/A 

PERFORMANCE -- 

6 General  N/A 

6.1 The tests in this standard are extreme abuse 
conditions conducted on electrochemical 
energy storage devices that can result in fires 

 N/A 

6.2 At the conclusion of testing, samples shall be 
discharged in accordance with the 
manufacturer's specifications 

 N/A 

9 Unit Level  -- 

9.1 Sample and test configuration  -- 

9.1.1 The unit level test shall be conducted with 
BESS units installed as described in the 
manufacturer's instructions and this section. 
Test configurations include the following: 

 P 

 a) Indoor floor mounted non-residential use 
BESS; 
b) Indoor floor mounted residential use BESS; 
c) Outdoor ground mounted non-residential use 
BESS; 
d) Outdoor ground mounted residential use 
BESS; 
e) Indoor wall mounted non-residential use 
BESS; 
f) Indoor wall mounted residential use BESS; 
g) Outdoor wall mounted non-residential use 
BESS; 
h) Outdoor wall mounted residential use BESS; 
and 
i) Rooftop and open garage non-residential use 
BESS installations. 

Outdoor ground mounted non-
residential use BESS 

P 

9.1.2 

The unit level test requires one initiating BESS 
unit in which an internal fire condition in 
accordance with the module level test is 
initiated and target adjacent BESS units 
representative of an installation 

One initiating BESS and two target 
adjacent BESS 

P 

 Exception: Testing can be conducted outdoors 
for outdoor only installations if there are the 
following controls and environmental conditions 
in place: 

Testing can be conducted outdoors for 
outdoor only installations 
See Figure 1 
 

P 



      
 
Report No. 32072059.001  
 
 

 

R1109540.001 Page 8 of 26   Revision 0.1 

 

ANSI/CAN/UL 9540A:2019 

Clause Requirement – Test  Result – Remark  Verdict 

 

 a) Wind screens are utilized with a maximum 
wind speed maintained at ≤ 12 mph; 
b) The temperature range is within 10°C to 
40°C (50°F to 104°F); 
c) The humidity is < 90% RH; 
d) There is sufficient light to observe the 
testing; 
e) There is no precipitation during the testing; 
f) There is control of vegetation and 
combustibles in the test area to prevent any 
impact on the testing and to prevent 
inadvertent fire spread from the test area; and 
g) There are protection mechanisms in place to 
prevent inadvertent access by unauthorized 
persons in the test area and to prevent 
exposure of persons to any hazards as a result 
of testing. 

This was an outdoor installation test. 
The ambient temperature was varied 
between 10°C and 27°C and humidity 
less than 90% RH, and wind was 
under 12 mph. 

P 

9.1.3 Depending upon the configuration and design 
of the BESS (e.g. the BESS is composed of 
multiple separate parts within separate 
enclosures), this testing to determine fire 
characterization can be done at the battery 
system level 

Testing performed at BESS level N/A 

9.1.4 The initiating BESS unit shall contain 
components representative of a BESS unit in a 
complete installation. 

Complete unit in the testing P 

9.1.5 Target BESS units shall include the outer 
cabinet (if part of the design), racking, module 
enclosures, and components 

 P 

9.1.6 The initiating BESS unit shall be at the 
maximum operating state of charge (MOSOC), 

100% SOC P 

9.1.7 If a BESS unit includes an integral fire 
suppression system, there is an option of 
providing this with the DUT 

No integral fire suppression system N/A 

9.1.8 Electronics and software controls such as the 
battery management system (BMS) in the 
BESS are not relied upon for this testing. 

 P 

9.2 Test method – Indoor floor mounted BESS 
units 

Outdoor ground mounted units. Used 
the test method described in the 
Section 9.2 except conflicted with 
Section 9.3. 

-- 

9.2.1 Samples and test configurations are in 
accordance with 9.1. 

Testing conducted outdoor N/A 

9.2.2 Any access door(s) or panels on the initiating 
BESS unit and adjacent target BESS units 
shall be closed, 

Doors closed  P 

9.2.3 The initiating BESS unit shall be positioned 
adjacent to two instrumented wall sections No instrumented wall sections N/A 

9.2.4 Instrumented wall sections shall extend not 
less than 0.49 m (1.6 ft) horizontally beyond 
the exterior of the target BESS units. 

No instrumented wall sections N/A 

9.2.5 Instrumented wall sections shall be at least 
0.61-m (2-ft) taller than the BESS unit height No instrumented wall sections N/A 

9.2.6 The surface of the instrumented wall sections 
shall be covered with 16-mm (5/8-in) gypsum 
wall board and painted flat black 

No instrumented wall sections N/A 
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9.2.7 The initiating BESS unit shall be centered 
underneath an appropriately sized smoke 
collection hood of an oxygen consumption 
calorimeter 

Testing conducted outdoor N/A 

9.2.8 The light transmission in the calorimeter's 
exhaust duct shall be measured using a white 
light source and photo detector for the duration 
of the test 

Testing conducted outdoor N/A 

9.2.9 The chemical and convective heat release 
rates shall be measured for the duration of the 
test, using the methodologies specified in 
8.2.11 and 9.2.12, respectively 

Testing conducted outdoor N/A 

9.2.10 With reference to 9.2.9, the heat release rate 
measurement system shall be calibrated Testing conducted outdoor N/A 

9.2.11 With reference to 9.2.9, the convective heat 
release rate shall be measured using 
thermopile 

Testing conducted outdoor N/A 

9.2.12 With reference to 9.2.9, the convective heat 
release rate shall be calculated using the 
following equation: 

 

Testing conducted outdoor N/A 

9.2.13 The physical spacing between BESS units 
(both initiating and target) and adjacent walls 
shall be representative of the intended 
installation 

No instrumented wall sections N/A 

9.2.14 Separation distances shall be specified by the 
manufacturer for distance between: 

 P 

 a) The BESS units and the instrumented wall 
sections; and 
b) Adjacent BESS units. 

a) No wall 
b) 6 inches from ISO knuckle of 
Initiating unit to Target unit. 4 inches 
from surface of initiating unit to target 
unit surface. 

P 

9.2.15 Wall surface temperature measurements shall 
be collected for BESS intended for installation 
in locations with combustible construction. 

No instrumented wall sections N/A 

9.2.16 Wall surface temperatures shall be measured 
in vertical array(s) at 152-mm (6-in) intervals 
for the full height of the instrumented wall 
sections using No. 24-gauge or smaller, 

No instrumented wall sections N/A 

9.2.17 Thermocouples shall be secured to gypsum 
surfaces by the use of staples placed over the 
insulated portion of the wires 

No instrumented wall sections N/A 

9.2.18 Heat flux shall be measured with the sensing 
element of at least two water-cooled Schmidt-
Boelter gauges at the surface of each 
instrumented wall: 

No instrumented wall sections N/A 

 a) Both are collinear with the vertical 
thermocouple array; 

 N/A 

 b) One is positioned at the elevation estimated 
to receive the greatest heat flux due to the 
thermal runaway of the initiating module; and 

 N/A 
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 c) One is positioned at the elevation estimated 
to receive the greatest heat flux during 
potential propagation of thermal runaway within 
the initiating BESS unit. 

 N/A 

9.2.19 Heat flux shall be measured with the sensing 
element of at least two water-cooled Schmidt-
Boelter gauges at the surface of each adjacent 
target BESS unit that faces the initiating BESS 
unit: 

No target facing the initiating BESS N/A 

 a) One is positioned at the elevation estimated 
to receive the greatest heat flux due to the 
thermal runaway of the initiating module within 
the initiating BESS; and 

 N/A 

 b) One is positioned at the elevation estimated 
to receive the greatest surface heat flux due to 
the thermal runaway of the initiating BESS. 

 N/A 

9.2.20 For non-residential use BESS, heat flux shall 
be measured with the sensing element of at 
least one water-cooled Schmidt-Boelter gauge 

Testing conducted outdoor N/A 

9.2.21 No. 24-gauge or smaller, Type-K exposed 
junction thermocouples shall be installed to 
measure the temperature of the surface 

No. 24-gauge, Type-K used P 

9.2.22 For residential use BESS, the DUT shall be 
covered with a single layer of cheese cloth 

Non-residential N/A 

9.2.23 

An internal fire condition in accordance with the 
module level test shall be created within a 
single module in the initiating BESS unit: 

See Figure 2 
Megapack can consist up to 17 Battery 
Module assemblies. Each module 
assembly contains 6 trays of 2 
Modules each which is a total of 204 
modules. The module that was set to 
initiate was located at location 72 and 
on Tray III. Two sections of heaters 
with 29 and 27 heater were setup to 
force thermal runaway. 

P 

 a) The position of the module shall be selected 
to present the greatest thermal exposure 

 P 

 b) The setup (i.e. type, quantity and 
positioning) of equipment for initiating thermal 
runaway in the module shall be the same as 
that used to initiate and propagate thermal 
runaway within the module level test 

 P 

9.2.24 The composition, velocity and temperature of 
the initiating BESS unit vent gases shall be 
measured within the calorimeter's exhaust duct 

Testing conducted outdoor N/A 

9.2.25 The hydrocarbon content of the vent gas shall 
be measured using flame ionization detection 

Testing conducted outdoor N/A 

9.2.26 The test shall be terminated if:  P 

 a) Temperatures measured inside each module 
within the initiating BESS unit return to ambient 
temperature; 

Appilcable P 

 b) The fire propagates to adjacent units or to 
adjacent walls; or 

 N/A 

 c) A condition hazardous to test staff or the test 
facility requires mitigation 

 N/A 
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9.2.27 For residential use systems, the gas collection 
data gathered in 9.2 shall be compared to the 
smallest room installation 

Non-residential N/A 

9.3 Test method – Outdoor ground mounted 
units 

 -- 

9.3.1 Outdoor ground mounted non-residential use 
BESS being evaluated for installation in close 
proximity to buildings shall use the test method 
described in Section 9.2 

See 9.2 P 

9.3.2 except as noted in 9.3.3 and 9.3.4. 
Heat flux measurements for the accessible 
means of egress shall be measured in 
accordance with 9.2.20. 

See 9.2 P 

9.3.3 Test samples shall be installed as shown in 
Figure 9.2 in proximity to an instrumented wall 
section that is 3.66-m (12-ft) tall with a 0.3-m 
(1-ft) wide horizontal soffit 

No instrumented wall sections N/A 

 Exception: If the manufacturer requires 
installation against non-flammable material, the 
test setup may include manufacturer 
recommended backing material between the 
unit and plywood wall 

 N/A 

9.3.4 Target BESS shall be installed on each side of 
the initiating BESS in accordance with the 
manufacturer's installation specifications 

No target unit on the front side N/A 

9.4 Test Method – Indoor wall mounted units Testing conducted outdoor N/A 

9.4.1 Testing of indoor wall mounted BESS shall be 
in accordance with Section 9.2, except as 
modified in this section. See Figure 9.3. 

 N/A 

9.4.2 The test shall be conducted in a standard 
NFPA 286 fire test room, 3.66 × 2.44 × 2.44-m 
(12 × 8 × 8-ft) high, with a 0.76 × 2.13-m (2-1/2 
× 7-ft) high opening. 

 N/A 

9.4.3 The initiating BESS unit shall be positioned on 
the wall opposite of the door opening 

 N/A 

9.4.4 Target BESS shall be installed on the wall on 
each side of the initiating BESS 

 N/A 

9.4.5 The wall on which the initiating and target 
BESS units are mounted shall be instrumented 
in accordance with Section 9.2. 

 N/A 

9.4.6 The gas collection methods shall be in 
accordance with 9.2 

 N/A 

9.4.7 For residential use BESS, the DUT shall be 
covered with a single layer of cheese cloth 
ignition indicator. 

 N/A 

9.5 Test Method – Outdoor wall mounted units Testing conducted outdoor, ground 
mounted 

N/A 

9.5.1 Testing of outdoor wall mounted BESS shall be 
in accordance with Section 9.2, except as 
modified in this section. See Figure 9.4. 

 N/A 

9.5.2 Test samples shall be mounted on an 
instrumented wall section that is 3.66-m (12-ft) 
tall with a 0.3-m (1-ft) wide horizontal soffit 
(undersurface of the eave shown in Figure 9.4). 

 N/A 
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9.5.3 The initiating BESS unit shall be positioned on 
the instrumented wall, with its center located 
1.22-m 
(4-ft) above the floor, 

 N/A 

9.5.4 Target BESS shall be installed on the wall on 
each side of the initiating BESS, at the same 
height 

 N/A 

9.5.5 The wall on which the initiating and target 
BESS units are mounted shall be instrumented 
in accordance with Section 9.2. 

 N/A 

9.5.6 For residential use BESS, the DUT shall be 
covered with a single layer of cheese cloth 

 N/A 

9.6 Rooftop and open garage installations Testing conducted outdoor, ground 
mounted 

N/A 

9.6.1 Testing of BESS intended for non-residential 
use rooftop or open garage installations shall 
be in accordance with 9.2. 

 N/A 

9.6.2 If intended for rooftop and open garage use 
only installations, the smoke release rate, the 
convective and chemical heat release rate and 
content, velocity and temperature of the 
released vent gases need not be measured 

 N/A 

9.7 Unit level test report  -- 

9.7.1 The report on the unit level testing shall identify 
the type of installation being tested, as follows: 

 P 

 a) Indoor floor mounted non-residential use 
BESS; 
b) Indoor floor mounted residential use BESS; 
c) Outdoor ground mounted non-residential use 
BESS; 
d) Outdoor ground mounted residential use 
BESS; 
e) Indoor wall mounted non-residential use 
BESS 
f) Indoor wall mounted residential use BESS; 
g) Outdoor wall mounted non-residential use 
BESS; 
h) Outdoor wall mounted residential use BESS; 
i) Rooftop installed non-residential use BESS; 
or 
j) Open garage installed non-residential use 
BESS. 

Outdoor ground mounted non-
residential use BESS; 
 

P 

9.7.2 With reference to 9.7.1, if testing is intended to 
represent more than one installation type, this 
shall be noted in the report 

One installation type N/A 

9.7.3 The report shall include the following, as 
applicable: 

See Table 1 P 
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 a) Unit manufacturer name and model number 
(and whether UL 9540 compliant); 
b) Number of modules in the initiating BESS 
unit; 
c) The construction of the initiating BESS unit 
per 5.3; 
d) Fire protection 
features/detection/suppression systems within 
unit; 
e) Module voltage(s) corresponding to the 
tested SOC; 
f) The thermal runaway initiation method used; 
g) Location of the initiating module within the 
BESS unit; 
h) Diagram and dimensions of the test setup 
including mounting location of the initiating and 
target 
BESS units, and the locations of walls, ceilings, 
and soffits; 
i) Observation of any flaming outside the 
initiating BESS enclosure and the maximum 
flame 
extension; 
j) Chemical and convective heat release rate 
versus time data; 
k) Separation distances from the initiating 
BESS unit to target walls (e. g. distances A and 
C in 
Figure 9.1); 
l) Separation distances from the initiating BESS 
unit to target BESS units (e.g. distances D and 
H in 
Figure 9.1); 
m) The maximum wall surface and target 
BESS temperatures achieved during the test 
and the 
location of the measuring thermocouple; 
n) The maximum ceiling or soffit surface 
temperatures achieved during the indoor or 
outdoor wall 
mounted test and the location of the measuring 
thermocouple; 
o) The maximum incident heat flux on target 
wall surfaces and target BESS units; 
p) The maximum incident heat flux on target 
ceiling or soffit surfaces achieved during the 
indoor or 
outdoor wall mounted test; 
q) Gas generation and composition data; 
r) Peak smoke release rate and total smoke 
release data; 
at which activation occurred; 
t) Observation of flying debris or explosive 
discharge of gases; 
u) Observation of re-ignition(s) from thermal 
runaway events; 
v) Observation(s) of sparks, electrical arcs, or 
other electrical events; 
w) Observations of the damage to: 
     1) The initiating BESS unit; 
     2) Target BESS units; 
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     3) Adjacent walls, ceilings, or soffits; and 
x) Photos and video of the test. 

9.8 Performance at unit level testing  -- 

9.8.1 Installation level testing in Section 10 is not 
required if the following performance conditions 
outlined in Table 9.1 are met during the unit 
level test. 

a) Peak flame extension was observed 
to be at about 10-12 ft upwards and 8-
10 ft  in front of the unit. 
b) Surface temperatures of the 
modules within the target BESS 
remained below 140.2C (cell vent 
temperature). Maximum temperature 
measured was 44.5C. 
c) Not intended for installation near 
exposures, no measurements taken to 
walls. 
d) No explosion hazards observed (no 
deflagration, detonation, or 
accumulation of battery vent gases) 
e) Maximum incident heat flux was 
17.5kW/m2 at 3 ft from the left of the 
initiating cabinet enclosure  
(Note: Megapack is not designed to be 
installed near accessible means of 
egress. Refer to Figure 10. Heat Flux 
results for more information on heat 
flux around the product). 
 

-- 

10 Installation Level Unit level testing only N/A 

10.1 General   N/A 

10.1.1 The installation level test method assesses the 
effectiveness of the fire and explosion 
mitigation methods for the BESS in its intended 
installation 

 N/A 

 a) Test Method 1 – "Effectiveness of sprinklers" 
is used 

 N/A 

 b) Test Method 2 – "Effectiveness of fire 
protection plan" is used 

 N/A 

10.1.2 Installation level testing is not appropriate for 
units only intended for outdoor use or 
residential use. 

Outdoor use only P 

10.2 Sample   N/A 

10.2.1 The samples (initiating BESS and target BESS) 
and their preparation for testing 

 N/A 

10.2.2 A flame indicator consisting of a cable tray with 
fire rated cables that complies with UL 1685 
and representative of the installation per the  
anufacturer's specifications 

 N/A 

10.3 Test method 1 – Effectiveness of sprinklers  N/A 

10.3.1 For BESS units with a height of 2.44 m (8 ft) or 
less, the test shall be conducted in a 6.10 × 
6.10 × 
3.05-m (20 × 20 × 10-ft) high test room 

 N/A 
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10.3.2 The test room shall be fitted with four sprinklers 
at 3.05-m (10-ft) spacing in the center 

 N/A 

10.3.3 Walls shall be constructed with 16-mm (5/8-in) 
gypsum wall board 

 N/A 

10.3.4 The initiating BESS unit shall be positioned at 
manufacturer specified distances 

 N/A 

10.3.5 Temperature measurements at the ceiling 
locations directly above the initiating and target 
BESS unit shall be collected by an array of 
thermocouples  

 N/A 

10.3.6 Instrumented wall surface temperature 
measurements shall be collected in a vertical 
array at 152-mm (6-in) intervals 

 N/A 

10.3.7 Thermocouples for wall surface temperature 
measurements shall be secured to gypsum 
surfaces by the use of staples 

 N/A 

10.3.8 Heat flux shall be measured with the sensing 
element of at least two water-cooled Schmidt-
Boelter gauges at the surface of each 
instrumented wall: 

 N/A 

 a) Both are collinear with the vertical 
thermocouple array; 

 N/A 

 b) One is positioned at the elevation estimated 
to receive the greatest heat flux due to the 
thermal runaway of the initiating module; and 

 N/A 

 c) One is positioned at the elevation estimated 
to receive the greatest heat flux during 
potential propagation of thermal runaway within 
the initiating BESS unit. 

 N/A 

10.3.9 Heat flux shall be measured with at least two 
sensing water-cooled Schmidt-Boelter gauges 
at the surface of each adjacent target BESS 
unit that faces the initiating BESS unit: 

 N/A 

 a) One is positioned at the elevation estimated 
to receive the greatest heat flux due to the 
thermal runaway of the initiating module within 
the initiating BESS; and 

 N/A 

 b) One is positioned at the elevation estimated 
to receive the greatest surface heat flux due to 
the thermal runaway of the initiating BESS. 

 N/A 

10.3.10 The heat flux shall be measured with the 
sensing element of at least one water-cooled 
Schmidt-Boelter gauge 

 N/A 

10.3.11 No. 24-gauge or smaller Type-K exposed 
junction thermocouples shall be installed 

 N/A 

10.3.12 An internal fire condition in accordance with the 
module level test shall be created 

 N/A 

 a) The position of the module shall be selected 
to present the greatest thermal exposure 

 N/A 

 b) The setup (i.e. type, quantity and 
positioning) of equipment for initiating thermal 
runaway in the module shall be the same 

 N/A 

10.3.13 The composition of BESS unit vent gases shall 
be measured 

 N/A 

10.3.14 The test shall be terminated if:  N/A 
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 a) Temperatures measured inside each module 
of the initiating BESS return to below the cell 
vent temperature; 

 N/A 

 b) The fire propagates to adjacent units or to 
adjacent walls; or 

 N/A 

 c) A condition hazardous to test staff or the test 
facility requires mitigation. 

 N/A 

10.3.15 The initiating unit shall be under observation for 
24 h after conclusion of the installation test 

 N/A 

10.4 Installation level test report – Test method 1 – 
Effectiveness of sprinklers 

 N/A 

10.4.1 The report on installation level testing shall 
include the following: 

 N/A 
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 a) Unit manufacturer name and model number 
(and whether compliant with UL 9540); 
b) Number of modules in the initiating BESS 
unit; 
c) The construction of the initiating BESS unit 
per 5.3; 
d) Module voltage(s) of initiating BESS 
corresponding to the tested SOC; 
e) The thermal runaway initiation method used; 
f) Diagram and dimensions of the test setup 
including location of the initiating and target 
BESS units, and the locations of walls and 
ceilings; 
g) Location of initiating module within the BESS 
unit; 
h) Separation distances from the initiating 
BESS unit to (e.g. distances A and C in Figure 
10.1); 
i) Separation distances from the initiating BESS 
unit to target BESS units (e.g. distances D and 
E in Figure 10.1); 
j) Distances of the flame indicator (if used) with 
respect to the BESS (e. g. distances A and B in 
Figure 10.2); 
k) Maximum temperature at the ceiling; 
l) Distance of fire spread within the flame 
indicator; 
m) The maximum wall surface and target 
BESS unit temperatures achieved during the 
test and the location of the measuring 
thermocouple; 
n) The maximum incident heat flux on target 
wall surfaces and target BESS units; 
o) Voltages of initiating BESS; 
p) Total number of sprinklers that operated and 
length of time the sprinklers operated during 
the test; 
q) Gas generation and composition data, if 
measured; 
r) Observation of flaming outside of the test 
room 
s) Observation of flying debris or explosive 
discharge of gases; 
t) Observation of re-ignition(s) from thermal 
runaway events; 
u) Observations of the damage to: 
    1) The initiating BESS unit; 
    2) Target BESS units; and 
    3) Adjacent walls; 
v) Photos and video of the test; 
w) Fire protection 
features/detection/suppression systems within 
unit; and 
x) Sprinkler K-factor, RTI, manufacturer and 
model, number of sprinklers and layout 

 N/A 

10.5 Performance – Test method 1 – Effectiveness 
of sprinklers 

 N/A 
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10.5.1 For BESS units intended for installation in 
locations with combustible construction, 
surface temperature measurements along 
instrumented wall surfaces shall not exceed a 
temperature rise of 97°C 

 N/A 

10.5.2 The surface temperature of modules within the 
BESS units adjacent to the initiating BESS unit 
shall not exceed the temperature at which 
thermally initiated cell venting occurs 

 N/A 

10.5.3 The fire spread on the cables in the flame 
indicator shall not extend horizontally beyond 
the initiating BESS enclosure dimensions 

 N/A 

10.5.4 There shall be no flaming outside the test 
room. 

 N/A 

10.5.5 There is no observation of detonation.  N/A 

10.5.6 Heat flux in the center of the accessible means 
of egress shall not exceed 1.3 kW/m2. 

 N/A 

10.5.7 There shall be no observation of re-ignition 
within the initiating unit after the installation test 

 N/A 

10.5.8 An installation level test that does not meet the 
applicable performance criteria noted above is 
considered noncompliant and would need to be  
revised and retested 

 N/A 

10.6 Test method 2 – Effectiveness of fire protection 
plan 

 N/A 

10.6.1 The test method 2 test set-up and test 
procedures are identical to that in 10.3, except 
instead of the sprinkler system set up of 10.3.2, 
the room shall be fitted with the specified fire 
protection 

 N/A 

10.7 Installation level test report – Test method 2 – 
Effectiveness of fire protection plan 

 N/A 

10.7.1 The report on installation level testing shall 
include the following: 

 N/A 

 a) The report information in 10.4.1 items (a) – 
(u), and (v) if applicable; 
b) Fire protection 
features/detection/suppression systems within 
installation; and 
c) Length of time of operation of the clean 
agent, or other suppression system in addition 
to any sprinklers used. 

 N/A 

10.8 Performance – Test method 2 – Effectiveness 
of fire protection plan 

 N/A 

10.8.1 See 10.5 for performance criteria  N/A 
 

ANNEX 
A 

Test Concepts And Application Of Test Results To 
Installations 

INFORMATIVE  

ANNEX 
B 

Safety Recommendations for Testing INFORMATIVE  
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Figure 1. Site layout 

 
 
 
 
 
 
 

 
Figure 2. Test enclosure layout 
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Figure 3. Camera and IR detector layout and view 
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Figure 4. White smoke indication 

 
 
 
 

 
Figure 5. IR detector alarm 
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Figure 6. Peak reaction rate site photo 

 
 
 
 
 

 
Figure 7. End of test site photo 
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Figure 8. Side neighbor temperature result 

 
 
 
 
 
 
 
 
 
 

 
Figure 9. Back neighbor temperature result 
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Figure 10. Heat flux results 
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Table 1. Test results per Clause 9.7 
# Items  Description  

a) 
Unit manufacturer name and model 
number (and whether UL 9540 
compliant); 

Tesla Megapack - 1462965 

b) Number of modules in the initiating 
BESS unit; 

12 modules in a Battery assembly. Maximum 17 
Battery assemblies in Megapack. 12 X 17 = 204  

c) The critical construction of the initiating 
BESS unit per 5.3; 

UL 9540 compliant. Refer to TUV certificate CU 
72200868 

d) 
Fire protection 
features/detection/suppression systems 
within unit; 

Optional signal 

e) Module voltage(s) corresponding to the 
tested SOC; 

100% SOC measured 4.1 V per brick (parallel 
connection of cells). 9 bricks in series in a 
module. 9 X 4.1V = 36.9V 

f) The thermal runaway initiation method 
used; Heating of 27 cells simultaneously.  

g) Location of the initiating module within 
the BESS unit; Initiator Megapack Battery assembly 72 

h) 

Diagram and dimensions of the test 
setup including mounting location of the 
initiating and 
target BESS units, and the locations of 
walls, ceilings, and soffits; 

6 inches from ISO knuckle of Initiating unit to 
Target unit. 4 inches from surface of initiating 
unit to target unit surface; wall – N/A 

i) Observation of any flaming outside the 
initiating BESS enclosure; 

Yes. 10-12 ft upwards and 8-10 ft  in front of the 
unit. 

j) Chemical and convective heat release 
rate versus time data; N/A 

k) 
Separation distances from the initiating 
BESS unit to target walls (e.g. distances 
A and C in Figure 9.1); 

N/A 

l) 
Separation distances from the initiating 
BESS unit to target BESS units (e.g. 
distances D and H in Figure 9.1); 

6 inches from ISO knuckle of Initiating unit to 
Target unit. 4 inches from surface of initiating 
unit to target unit surface 

m) 

The maximum wall surface and target 
BESS temperatures achieved during 
the test and the location of the 
measuring thermocouple; 

Back neighbor Module: 43.9 C at location 19 
Side neighbor module:44.5 C at location 18 
Wall surface: N/A 

n) 

The maximum ceiling or soffit surface 
temperatures achieved during the 
indoor or outdoor wall mounted test and 
the location of the measuring 
thermocouple; 

N/A 

o) 
The maximum incident heat flux on 
target wall surfaces and target BESS 
units; 

17.5 kW/m2 at 3 ft to left 

p) 

The maximum incident heat flux on 
target ceiling or soffit surfaces achieved 
during the indoor or outdoor wall 
mounted test; 

N/A 

q) Gas generation and composition data; N/A 

r) Peak smoke release rate and total 
smoke release data; N/A 

s) 

Indication of the activation of integral 
fire protection systems and if activated 
the time into the test at which activation 
occurred; 

N/A 

t) Observation of flying debris or explosive 
discharge of gases; None observed 
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u) Observation of re-ignition(s) from 
thermal runaway events; None observed 

v) Observation(s) of sparks, electrical 
arcs, or other electrical events; None observed 

w) 

Observations of the damage to: 
1) The initiating BESS unit; 
2) Target BESS units; and 
3) Adjacent walls 

1. Initiator internally fully consumed. All damage 
contained within the enclosure. 
2. Back neighbor had some signs of fans and 
paint degradation. Side neighbor had some 
aesthetic degradation on the top left corner. 
3. N/A 

x) Photos and video of the test Attached 
 
 
 
 
 
 
 

- End of Report - 
 



 

 

 

 

 

Exhibit B 

UL 1973 Listing 





 

 

 

 

 

Exhibit C 

UL9540 Listing 

 







 

 

 

 

 

Exhibit D 

Site Design Manual 

 

















































































































































 

 

 

 

 

Exhibit E 

2020 Emergency Response Guide 

 

 



















































 

 

 

 

 

Exhibit F 

Calculations 

 

 

 




