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EXECUTIVE SUMMARY  
This report describes an analysis of the estimated annual rate of petroleum crude 

oil train release accidents on the rail route between Roseville, CA and Benicia, CA. 

Several major risk factors were taken into account, including Federal Railroad 

Administration track class, method of operation, tank car safety design and traffic 

exposure. The results show that the expected occurrence of a crude oil train release 

incident exceeding 100 gallons is approximately 0.009 per year, or an average of about 

once per 111 years. The portion of the route traversing the Suisun wetland area has an 

even lower annual risk of a release incident equaling 0.00381, which corresponds to an 

average interval between incidents of 262 years. 

 

Type of Tank Car 

Annual Crude 
Oil Train 

Derailment Rate 

Annual Crude 
Oil Train 

Release Rate 

Average Interval 
between Release 
Incidents (Years) 

CPC-1232, Non-Jacketed 0.0189 0.00903 111 
 

1. INTRODUCTION 
The purpose of this analysis was to estimate the annual release rate of trains 

transporting petroleum crude oil on the route between Roseville and Benicia, CA. The 

analysis was conducted based on segment-specific rail infrastructure information and 

tank car safety design. This study is intended to assist the city of Benicia to understand 

the risk associated with rail transportation of petroleum crude to the Valero refinery. 

2. METHODOLOGY 
2.1. Crude Oil Train Release Rate Model  
The occurrence of a crude oil train release incident is the result of a sequence of events 

that are affected by a number of factors. The following model was used to estimate 

crude oil train release rate:  

 (1) 

Where: 

P(R)   = annual crude oil train release rate  
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Zi  = train derailment rate per train-mile on the ith segment 

Si  = number of trains on the ith segment 

Li  = segment length (miles) 

Pi(R|A) = probability of at least one tank car releasing per crude oil train derailment 

N  = number of track segments on the route  

 
2.2. Parameters in Risk Analysis 
2.2.1. Train Derailment Rate, Z 
Train derailment rate is the likelihood that a train derails per unit of traffic exposure (e.g., 

per million train-miles traveled).  Average train derailment rate over the 5-year period 

2005 – 2009 has previously been estimated using data from the U.S. Department of 

Transportation, Federal Railroad Administration (FRA) Rail Equipment Accident (REA) 

database combined with traffic data from the rail industry (Liu, 2013). The FRA 

database records all accidents that exceed a specified monetary damage cost to on-

track equipment, signals, track, track structures, and roadbed (FRA, 2012).  Train 

derailment rate has been shown to vary with infrastructure and operating characteristics 

such as: Federal Railroad Administration (FRA) track class, method of operation and 

traffic density (Liu 2013). Higher FRA track classes (corresponding to higher operational 

speeds and more stringent safety standards) and signaled trackage demonstrate lower 

derailment rates, compared to lower FRA track classes and non-signaled trackage 

(Figure 1). 
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Figure 1: Estimated Class I mainline freight-train derailment rates by 
FRA track class, method of operation and annual traffic density 

(error bars represent 95% confidence intervals) (Liu 2013) 
 
The train derailment rates presented in Figure 1 were developed using accident data 

from the FRA Rail Equipment Accident (REA) database, combined with rail industry 

traffic exposure data. In addition to normalized rates that can be used for comparative 

purposes they permit absolute rates to be calculated for any particular route and 

combination of characteristics (Liu 2013).  These rates, combined with characteristics 

specific to the Roseville to Benicia route, were used to estimate the derailment rate on 

this line as discussed below. 
 

2.2.2. Probability of at Least One Car Releasing in a Crude Oil Train Derailment 
The probability of at least one tank car releasing per crude oil train derailment can be 

estimated using the following equation: 

 

 (2) 

 

Where: 

D = number of crude oil cars derailed per train derailment 

CPR = conditional probability of release of a derailed or damaged tank car  
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The median number of cars derailed per FRA-reportable, freight-train derailment on 

Class I mainlines was six (Liu et al. 2013). In this analysis, we assumed that all derailed 

cars are crude oil tank cars (D = 6). The conditional probability of release (CPR) 

represents tank car safety performance in an accident and was estimated based on the 

latest statistics developed by the Railway Supply Institute (RSI) – Association of 

American Railroads (AAR) Railroad Tank Car Safety Research and Test Project. The 

RSI-AAR Tank Car Project analysis accounts for tank car safety design features and 

accident characteristics. 

 

The car that will be used to transport the petroleum crude on this route is the enhanced 

safety specification tank car referred to by AAR as CPC-1232 (Figure 2).  The safety 

features affecting its performance in accidents are summarized in Table 1.  The RSI-

AAR Tank Car Safety Project has calculated that the probability of releasing more than 

100 gallons (CPR(>100)) if a car of this design is derailed in an FRA-reportable accident is 

0.103 (AAR-ASLRA 2013). 

 

Table 1 Summary of CPC-1232 Tank Car Safety Features Affecting Performance in Accidents 

 

•  0.5" thick tank manufactured of TC-128 steel 

•  Half-height head shield 

•  Top fittings (rollover) protection 

•  Bottom fittings protection 

•  Double-shelf couplers 

•  High-capacity pressure relief valve 
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Figure 2: Diagram of CPC-1232 compliant tank car design 

 

 
Using Equation (2), we estimated the probability of at least one tank car with the CPC-

1232 design characteristics releasing if a crude oil train were to derail (Table 2). For 

example, if a crude oil train containing CPC-1232, non-jacketed tank cars is derailed, 

there is a 48% chance that this derailment will result in at least one tank car release. 

 
Table 2 Probability of at least one tank car releasing per crude oil train derailment 

(assuming six tank cars derailed per derailment) 

Type of Tank Car  CPR(>100) P(R|A) 

CPC-1232, Non-jacketed 0.1030 0.4791 

3. RESULTS  
3.1. Route Information  
The Roseville to Benicia route is 69-miles long with signaled trackage that is mostly 

FRA class 5 with some class 3 track (Table 3).   
 

Table 3 Train derailment rate and mileage by FRA track class (signaled track territory) 

FRA Track Class 
Train Derailment Rate 
Per Million Train-Miles 

Percent of 
Mileage 

1 3.10 1.9% 
2 1.67 0.0% 
3 0.84 18.5% 
4 0.41 0.0% 
5 0.20 79.6% 

Weighted Average 0.37 
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The mileage-weighted average train derailment rate over the entire route is 0.37 

derailments per million train miles (calculation below): 

 

3.10 × 1.9% (class 1) + 1.67 × 0% (class 2) + 0.84 × 18.5% (class 3) + 0.41 × 0% (class 

4) + 0.20 × 79.6% (class 5) = 0.37 train derailment rate per million train-miles  

 

3.2. Annual Train Release Rate  
We calculated annual crude oil train derailment and release rates from Roseville to 

Benicia using the particular characteristics of the route and the methodology described 

above (Table 4). The annual train release rate on this route is 0.00903, which 

corresponds to an expected interval between release incidents of approximately once 

per 111 years of operation (1/0.00903).  

 
Table 4 Annual train derailment and release rates 

Train Derailment Rate per Million Train-Miles 0.37 
Crude-Oil Train Release Rate per Million Train Miles 0.18 
Annual Crude Oil Train Derailment Rate 0.0189 
Probability of Train Derailments Involving Releases 0.4791 
Annual Crude Oil Train Release Rate 0.00903 
Average Interval between Release Incidents (Years)  111 

 

The route risk presented represents the entire route from Roseville to the Valero 

terminal in Benicia.  We were also able to develop an estimate of the risk of a 

derailment and release on the portion of the route traversing the Suisun wetlands area 

(Figure 3). Using the same methodology we were able to estimate that the annual train 

release rate is 0.00381, which corresponds to an average interval between release 

incidents of 262 years. 
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Figure 3: Rail route traversing the Suisun wetland area 

 
3.3. Discussion & Interpretation   

The risk estimates described here are probably conservative, i.e. they may tend 

to over estimate the risk for several reasons.  The railroad industry's hazardous 

materials release accident rate has declined in the years since the rate estimates were 

developed (2005 – 2009) (Figure 4).  Thus the average rate calculated over that time 

interval is probably higher than if the same rate were calculated using more current 

data.  More broadly, the railroads' accident rate has been declining for decades and 

this trend is likely to continue due to continued investment in infrastructure and various 

new technologies that are being developed to improve operating safety.  Furthermore, 

the accident rates used in this analysis do not take into account the effect of various 

additional safety practices specific to rail transportation of petroleum crude oil that are 

being implemented (AAR, 2014; Union Pacific, 2014).  The risk analysis described 

here did not account for any of these potential reductions in accident rate. 
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Figure 4: Railroad accident hazardous materials release rate 1980 – 2012 

(FRA data, presented in Barkan et al 2013) 
 

Another factor potentially causing an over estimate of the risk are possible 

changes in the safety design of tank cars use to transport petroleum crude oil.  We 

assumed that the tank cars would conform to the current, AAR non-insulated CPC-1232 

design.  This is an industry standard agreed to in 2011 that exceeds current federal 

regulatory requirements for DOT 111 tank cars transporting crude oil.  However, a 

possible result of the current federal rule-making (PHMSA, 2013) would be a 

requirement to use tank cars that conform to an even safer design at some point in the 

future, further reducing the risk. 

 

3.4. Relative Risk Compared to Motor Vehicle Transport 
 

Using the analysis described above, the estimated crude oil train release rate per 

million train-miles is 0.18 (0.00903×106/50552) (Table 4). By comparison, the average 

estimated rate of police-reported highway accidents is 4.04 per million vehicle miles 

(NHTSA 2012).  Thus the occurrence of a crude oil train derailment and release on the 

Roseville to Benicia is approximately 22 times less likely than a highway accident on a 

per mile-traveled basis.  Considered on an annual basis, in 2012 the average U.S. 
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driver traveled 14,000 miles, and was 6.3 times more likely to be involved in a motor 

vehicle accident and 1.9 times more likely to be involved in an accident involving injuries 

or fatalities, than a release incident on the Roseville to Benicia route. 

 
4. Summary  

The major factors understood to affect railroad hazardous materials releases 

were quantitatively analyzed.  These include Federal Railroad Administration track 

class, method of operation, tank car safety design and traffic exposure.  The results 

show that the expected occurrence of a crude oil train release incident exceeding 100 

gallons between Roseville and Benicia is approximately 0.009 per year, or an average 

of about once per 111 years.  The portion of the route traversing the Suisun wetland 

area has an even lower annual risk of a release incident equaling 0.00381, which 

corresponds to an average interval between incidents of 262 years. 
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