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San Onofre Nuclear Generating Station, Unit 1 
SEP Safety Assessment Report 

Revision 0 

Topic II-1.C - Potential Hazards or Changes in Potential Hazards Due 
to Transportation, Institutional, Industrial, and 
Military Facilities 

1.0 INTRODUCTION 

The objective of this topic is to assure that San Onofre Unit 1 is adequately 
protected and can be operated with an acceptable degree of safety with regard 
to potential accidents which may occur as the result of activities at nearby 
industrial, transportation, and military facilities.  

2.0 CRITERIA 

Standard Review Plan Section 2.2.1-2.2.2 states that all identified facilities 
and activities within 5 miles of the plant should be reviewed. Facilities and 
activities at greater distances should be considered if they otherwise have 
the potential for affecting safety related features.  

Standard Review Plan 2.2.3 defines design basis events external to the station 
as those accidents for which a realistic estimate of the annual probability of 
exceeding 10CFR100 exposure guidelines is in excess of approximately 10-7 or 
for which a conservative estimate of this probability is in excess of approxi
mately 10-6.  

3.0 RELATED SAFETY TOPICS AND INTERFACES 

A. Topic III-4.0, Site Proximity Missiles (Including Aircraft), October 23, 
1981.  

B. SCE submittals on NUREG-0737 Item III.D.3.4 - Control Room Habitability, 
June 13, and June 20, 1981.  

C. San Onofre Nuclear Generating Station, Units 2 and 3 FSAR.  

4.0 REVIEW GUIDELINES 

Standard Review Plans 2.2.1, 2.2.2 and 2.2.3 were used as review guidelines..  

5.0 EVALUATION 

The data for hazardous materials, frequency of shipments of hazardous 
materials and accident rates was extracted from the San Onofre Units 2 and 3 
FSAR and are reproduced here for completeness. These data were analyzed for 
their effect on Unit 1, taking into account differences in plant design 
criteria and location with respect to transportation routes.
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5.1 Nearby Industrial, Transportation and Military Facilities 

Nearby industrial, transportation and military facilities are illustrated in 

Figure 1. Items illustrated on Figure 1 are described below.  

There exists, within 5 miles of the plant: 

1. a quarry 
2. U.S. Marine Corps Base, Camp Pendleton 
3. three transportation routes 
4. three pipe lines 

5.1.1 Quarrying Operations 

The only facility involving the processing of products and the employment of 
personnel within 5 miles of the plant is Camp Pendleton quarry located 4 miles 
north of the plant site as shown in Figure 1. Quarry operations are to crush 
and sort aggregate material for maintenance and construction. Explosives are 
not used.  

5.1.2 Military Operations 

Fuel storage areas include the following gasoline facilities at Camp Pendleton 
Special Services gas stations: 

(1) The nearest is located 0.1 mile east of the San Onofre gate to Camp 
Pendleton on Basilone Road, 1.5 miles northwest of the plant; 

(2) Camp San Onofre on Basilone Road; 

(3) On the corner of Cristianitos and San Mateo Roads near Camp San 
Mateo; and 

(4) At Camp San Onofre at the intersection of Basilone and San Mateo 
Roads.  

Ammunition is stored by the U.S. Marine Corps in the Las Pulgas area of Camp 
Pendleton approximately 9 miles from San Onofre Unit 1. The material is Class 
7 explosive and is stored in underground bunkers. This facility is separated 
from the plant site by the San Onofre mountains.  

Except for amphibious landings, most Marine Corps activities are conducted 
inland from Camp San Onofre and the range of coastal hills that parallels the 
coast near the plant. With regard to amphibious landings, San Onofre is 
located in a separate, designated sector of the beach, and discussions with 
the Marine Corps indicated no landings will be made in this sector.  

No firing of live ammunition is permitted throughout a strip along the 
seacoast, which is approximately 2 miles wide at its narrowest point. This 
strip extends from the northern reservation boundary to approximately 10 miles 
south of Unit 1.
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Where firing or weapon impact is permitted, training is conducted under very 
close supervision since populated areas, the highway, railroad, and infantry 
maneuvering areas are located along the seacoast of the reservation to a 
distance of approximately 5 miles inland.  

Firing ranges are shown on U.S. Geological Survey (1968), 7.5 minute 
quadrangle sheets: San Clemente, Margarita Peak, San Onofre Bluffs, and 
Las Pulgas Canyon.  

The nearest firing range (approximately 3 miles away) is a known-distance 
range over which small arms are used to gain sighting data. The maximum range 
of firing is about 100 feet, with rounds impacting into a steep hillside. All 
other firing ranges are generally inland from Camp San Onofre and located such 
that the maximum range of the weapons would not permit an impact closer than 
approximately 2 miles from the plant, even assuming firing was directed toward 
the plant rather than into the designated sectors. Firing is also directed 
into hillsides or valleys to avoid any danger of projectile skipping.  

Aircraft practice firing and artillery bombardment is controlled at all times 
and is directed into impact areas located further than 5 miles inland.  
Aircraft approaches and pullouts do not pass near the plant.  
There are two bombing and strafing ranges located approximately 6 miles from 
the plant. Various types of aircraft delivered ordnance of up to 500-pound 
bombs are employed on these ranges.  

No bombardment from the sea is ever permitted, and the shore landing maneuvers 
do not involve the use of live ammunition. Thus, Marine Corps activities 
which could otherwise conceivably constitute a hazard to the plant are all 
conducted well away from the coastline and do not constitute a credible hazard 
to plant safety.  

The Marine Corps indicated that there are no missile sites on Camp Pendleton 
and none within at least 10 miles of Unit 1.  

5.1.3 Transportation Routes 

The three transportation routes within 5 miles of the plant are described 
below: 

(1) The old Highway 101, immediately east of the site, does not carry 
through traffic, but is the entrance road to the south end of 
San Onofre State Beach.  

(2) Interstate 5 (1-5) is east of the site and is the only public 
coastal vehicular link between Orange County and San Diego County.  
The 1974-75 estimated average daily traffic was 63,570 vehicles, 
with an estimated passenger population of 130,240. The years 
1970-1974 averaged 3,672 trucks per day adjacent to the plant. This 
figure includes vehicles over 6,000 pounds, with two or more axles, 
but does not include buses, vans, campers, and pickups.
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(3) The Atchison, Topeka and Santa Fe Railroad (AT&SF) right-of-way is 
east of the site between Highway 101 and 1-5. This is an active 
line with Amtrack passenger service and cargo service.  

Other transportation routes near the plant, but farther than 5 miles are: 

1. Commercial vessel shipping lanes are southwest of the plant in the 
Pacific Ocean.  

2. Aircraft routes near the plant are described in the assessment of 

Topic III-4.D, Site Proximity Missiles (including aircraft).  

5.1.4 Oil and Gas Pipelines 

There are three pipelines in the vicinity of the plant: 

(1) San Diego Gas & Electric - 6-inch natural gas pipeline adjacent to.  
Basilone Road. The characteristics of this pipeline are: 

A. Size: 6-inch diameter, 12,058 feet long, 4-inch diameter, 
3,634 feet long 

B. Age: 1968 

C. Operating pressure: 200 psi 

D. Depth of burial: 36 inches average 

E. Location: Adjacent to Basilone Road 

F. Valves: Plug type, manual 

G. Material: Natural Gas 

H. Storage: The pipeline is not used for gas storage 

I. Future plans: No plans to expand 

J. Leaks: None 

K. Flow direction: Northeast 

L. Release event: Gas would be lost at rate of 875 x 106 
ft3/h for about 1 hour. Release would be noticed prior to 1 
hour because of drop at U.S. Marine Corps control house, or by 
regular Marine Patrols.  

(2) Southern California Gas Co. - 12-inch natural gas pipeline adjacent 
to 1-5. The characteristics of this pipeline are: 

A. Size: 12-inch diameter
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B. Age: It was constructed in several phases. The section from 
0.4 miles northwest to 1.6 miles northwest of the plant was 
built in 1932. The section from 1.6 to 1.9 miles northwest was 
constructed in 1960. The section from 1.9 to 2.8 miles 
northwest was built in 1966. The section from 2.8 to 5.0 miles 
northwest was built in 1929. And the section from 0.4 miles 
northwest to 5.0 miles southeast of the plant was built in 
1966. About 0.1 miles of pipeline 3.3 miles north of the plant 
was replaced in 1963.  

C. Operating pressure: 400 psig (maximum allowable).  

D. Depth of burial: 30 inches average 

E. Location: See Figure 1. The pipeline is located approximately 
673 feet northeasterly from the centerline of Unit 1 
containment. The pipeline is located within the right of way 
of U.S. Highway 101, approximately 5 feet southwesterly of the 
northeast edge of the right of way.  

F. Valves: There are three plug valves located 1.3 and 2.8 miles 
northwest of the plant and 2.1 miles southeast (see Figure 1).  

G. Material: Natural gas (91% methane, 5% ethane, 4% 
miscellaneous).  

H. Storage: The pipeline is not used for gas storage.  

I. Future plans: There are no plans for expansion or to use the 
pipeline for a product other than natural gas.  

J. Leaks: There have been two leaks within 5 miles of the plant.  
One, in 1967, was approximately 3.5 miles north of the plant, a 
small corrosion leak with no fire or explosion. The other, in 
1963, was approximately 3.3 miles north of the plant, a break 
in the pipeline due to exterior stress, with no fire or 
explosion. Repair was made by replacing 449 feet of pipe.  

(3) San Diego Pipeline Company - 10-inch refined petroleum products 
pipeline 2 to 5 miles northeast of the plant in Camp Pendleton. The 
characteristics of this pipeline are: 

A. Size: 10-inch diameter 

B. Age: Constructed in 1962 

C. Operating pressure: 1,440 psi (maximum) 

D. Depth of burial: 30-inches average 

E. Location: See Figure 1 

F. Valves: Manually operated gate valve at milepost 58.24 (See 
Figure 1)
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G. Material:- Gasoline, diesel fuel, turbine fuel, navy jet fuel 
(JP-5) 

H. Storage: The pipeline is not used for gas storage 

I. Future plans: No immediate plans to expand. Future demand 
could necessitate construction of a parallel pipeline.  

J. Leaks: None within 5 miles 

K. Flow direction: South 

L. Release event: Product initially released at flowrate. Within 
20 seconds the pressure drop would be detected and the pipeline 
shut down hy automatic warning devices. The nearest main line 
valves upstream and downstream of the break would be closed.  

5.2 Description of Products and Materials 

5.2.1 Atchison, Topeka and Santa Fe Railroad (AT&SF) 

5.2.1.1 Toxic Chemicals. The AT&SF has indicated that none of the hazardous 
chemicals listed in U.S.N.R.C. Regulatory Guide 1.78 (June 1974) Table C-2 

were shipped by the plant during the first 11 months of 1975.  

5.2.1.2 Gaseous and Liguid Fuels. The AT&SF has indicated that 113 carloads 

of liquified petroleum gas (LPG) were shipped by the plant during a 
representative period of the first 11 months of 1975. These noninsulated 
steel fusion welded tank cars have a water capacity of 33,500 gallons and 

weigh approximately 70 tons. These carloads of LPG arrive more frequently 
during the winter months with 12 to 18 cars in the heaviest months. There are 
no more than 2 or 3 cars in any one train. AT&SF forecasted the same number 
of shipments for 1976 as in 1975, and did not anticipate an increase in these 

shipments in the future.  

5.2.1.3 Explosives. Information from the Department of the Army indicated 
there were eight rail shipments of military explosives past the plant during 
the year June 1977 through May 1978. The maximum net explosive weight per 
shipment was 20,548 pounds.  

5.2.2 Interstate 5 (1-5) 

A truck. traffic survey was conducted on I-5 in order to gather data for the 
San Onofre Units 2 and 3 FSAR.
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The number of shipments of hazardous cargo shipped on 1-5 adjacent to the 
plant is given in the second column of Table 1. Several of the cargo 
categories used for presenting the survey results in Table 1 contain a number 
of different materials. Table 2 lists the various cargoes contained within 
these categories.  

The expected number of military explosive shipments past the plant on 1-5 were 
estimated to be 1,411 for the year June 1978 through May 1979. The Navy 
stated that changes in shipment routes and requirements for 911 of the 
shipments would occur after 1980 so that there will be less than 10% of the 
911 shipments. Assuming that the remaining shipments are unaffected, the 
projected 1-5 military explosive shipment frequency is 592. The maximum net 
explosive weight per 1-5 shipment is 11,400 lbs.  

5.2.3 Waterways 

The principal uses of the coastal waters are pleasure boating, industrial 
cooling, military exercises, and sport and commercial fishing. Commercial 
vessel traffic lanes lie at distances greater than 5 miles from the plant.  
Military exercises are discussed elsewhere in this report.  

5.2.4 Projections of Industrial Growth 

There are no plans for expansion of existing facilities or new industrial 
development within 5 miles of the plant. Existing pipelines and waterways are 
also not scheduled for expansion.  

San Diego County, in conjunction with the CALTRANS, has forecast an increase 
of 45% in truck traffic on I-5 in the vicinity of the plant. Hazardous cargo 
shipments are expected'to decrease on I-5 as a percent of total shipments 
because increased industrialization in San Diego will provide these products 
locally. Fuel shipments (gasoline, LPG, LNG, etc.) may decrease in absolute 
number because of the development of these processing facilities in San Diego 
and the increasing cost to ship fuels by truck. Explosive shipments by the 
U.S. Navy will remain constant to the U.S. Marine Corp Camp Pendleton and will 
decrease for other shipments. Industrial gas and chemical shipments will vary 
as a function of future industrial process requirements, availability from 
local sources, products manufactured and shipment costs. The largest increase 
in truck activity can be expected in food and other consumer products.  

5.3 EVALUATION OF POTENTIAL ACCIDENTS 

The accidents considered in this section include: 
1. explosions of hazardous materials, 
2. delayed ignition of flammable vapor clouds, 
3. liquid spills, 
4. release of toxic vapors, 
5. off-site brush fires, and 
6. accidents at sea.
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5.3.1 Determination of Design Basis Events 

Available statistical data were analyzed to determine the probability of 
occurrence of potential accidents based upon their historical frequency of 
occurrence. In those cases where data relating to particular classes of 
accidents were not available, conservative assumptions were used to evaluate 
order-of-magnitude accident probabilities. A description of data sources, 
assumptions, and computational methods is presented in the San Onofre Units 2 
and 3 FSAR. The containment can withstand (later) psid and maintain 
integrity. The other safety-related buildings can withstand (later) psid. In 
the following analysis, the peak positive normal reflected explosion 
overpressure of (later) psid was used as design basis for evaluating 
probabilities.  

5.3.2 Transportation Accidents on 1-5 

Hazardous materials transported past San Onofre on 1-5 are discussed above and 
include military ordnance, flammable and explosive chemicals, toxic chemicals, 
and pressurized noncombustible gasses.  

5.3.2.1 Accident Rates for Motor Carriers of Hazardous Cargo 

The probability of transportation accidents on 1-5 involving hazardous 
materials was estimated from statistical data on the frequency of truck 
accidents on I-5 within 5 miles of the San Onofre plant site and nationwide 
accident rates. Accident rates for all trucks(a), tank trucks and trucks 
with explosive cargo were determined for a 10 mile segment of 1-5 extending 
approximately equidistant in both directions from the San Onofre site. From 
the data in Table 3A, the observed truck accident rate is 0.566 x 10-6 
accidents per truck mile. Truck traffic rates are based on weighted sample 
counting and extrapolated to annual counts. Northbound and southbound data 
are combined.  

Traffic accidents are reported to the state if property damage is $200.00 or 
greater or there has been personal injury or death.  

In this analysis, I-5 accident rates are combined with U.S. Department of 
Transportation (U.S. DOT) data where the property damage threshold for 
reporting accidents has been increased from $250.00 to $2,000.00. To correct 
for the data base inequities, U.S. DOT data before and after the reporting 
threshold change were used to generate a correction factor. Table 3B presents 
data covering the.transition period.  

1973 accident rate 0.952 x 10-6 
Correction factor 1971-72 accident rate -6 -6 

(2.19 x 10 + 2.31 x 10" )/2 

= 0.423 

a. Truck is defined as any vehicle 5,000 pounds or more excluding pickup 
trucks, vans and buses.
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This factor is applied to the I-5 accident rates based on the assumption that 
California accident rates would be reduced by the same proportion as that 
observed on the national level. The fact that the California threshold is 
$200.00 vs. $250.00 for the U.S. DOT would make the correction factor a 
conservative assumption.  

The I-5 accident rate for all trucks corrected to the $2,000.00, death or 
injury reporting criteria .  

0.423 x 0.566 x 10-6 = 0.239 x 10-6 accidents/truck-mile 

The bulk of hazardous commodities carried on 1-5 past the plant are in tank 
trucks. Nationwide truck accident statistics show that loaded tank trucks 
have a lower accident rate than all types of trucks combined (1.33 x 10-6 
vs. 2.41 x 10-6 for years 1968 through 1972 with the same reporting 
criteria). Therefore, the 1-5 accident rate for all types of trucks (0.239 x 
10-6) is corrected to loaded tank-truck accident rate by assuming the same 
relative improvement exists in California (1-5) as observed nationwide.  

Loaded tank truck = 0.239 x 106 1.33 x 10-6 = 0.132 x 10-6 accidents/ 
accident rate on 1-5 2.41 x 106 mile 

The accident rate for trucks carrying explosives was determined in a similar 
manner. The nationwide accident rate for trucks carrying explosives is 
0.96 x 106 accidents/mile. Therefore, the accident rate for trucks carrying 
explosives on I-5 is: 

2 239 x 10- -67 
Explosive truck = 2.39 6 x 0.96 x 1o 6 = 0.95 x 10- accidents/ 
accident rate 2.41 x 10- mile

5.3.2.2 Explosions Due to Transportation Accidents on 1-5 

There are three categories of materials transported on 1-5 which have a 
potential for creating a hazard to San Onofre Unit 1 in the event of an 
accident on the highway. These materials are military ordinance, flammable 
liquids and flammable gasses (shipped as either compressed liquid or 
compressed gas).  

5.3.2.2.1 Military Ordinance 

The average number and size of the explosive shipments past the San Onofre 
plant site were provided by the U.S. Navy. The average shipment size is 700 
pounds equivalent TNT with the maximum single shipment being 5,000 pounds of 
Class 7 explosive (1 pound of Class 7 explosive is equivalent to 1 pound of 
TNT). Present analysis conservatively assumes that there were 10 annual 
shipments of 5,000 pounds of equivalent TNT explosives.  

The minimum distance from 1-5 is approximately 620 feet to the nearest 
safety-related structure (diesel generator building). The peak positive 
normal reflected overpressure at the plant site produced by the surface 
detonation of 700 pounds of TNT at this distance is approximately (later) 
psi. The surface detonation of 5,000 lbs of TNT at this distance will produce 
an overpressure of approximately (later) psi. The probability that an 

accident would result in an explosion was determined for commercial shipments 
of
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explosives. During the 4-year period of 1972-1975, there were 70 accidents 
involving munitions trucks (nationwide) reported, of which 3 involved 
explosions. From this information, it is estimated that the conditional 
probability of an explosion due to an accident is 3/70 or 0.043.  

The minimum shipment size of explosives which will cause a (later) psi over
pressure is approximately (later) equivalent pounds of TNT. Based on a 
distribution of 216 shipments with an average weight of 700 pounds and a 
maximum weight of 5,000 pounds, it is conservative to assume that there are 10 
annual shipments of 5,000 pounds. Based on the assumed 10 annual shipments of 
5,000 pounds equivalent TNT with a probability of a truck accident of 0.95 x 
10-7 per truck mile, and 0.043 probability of an explosion, the annual 
probability of ordnance detonations on a (later) mile length of 1-5 causing an 
overpressurization of (later) psi at the plant site is (later).  

All other explosive shipments past the plant are Class B explosives which, in 
general, function by rapid combustion rather than detonation and therefore do 
not pose an explosion hazard to the plant.  

5.3.2.2.2 Flammable Liquids 

Flammable liquids are shipped at ambient temperature and pressure and would 
not pose an explosion hazard unless vaporized. To calculate the probability 
of an explosion due to a truck accident, it is necessary to determine the 
conditional probabilities of a spill and an explosion occurring due to a 
spill. The bulk of the flammable materials move by tank truck. The 
probability of a tank truck accident per mile of I-5 is 1.32 x 10-7. The 
probability of a spill is estimated to be 0.02 since fewer than 2% of the 
accidents result in a spill. The probability of an explosion resulting from 
an in-transit tank truck spill of flammable liquid is 0.0113, as determined 
from the accident reports from DOT covering the period from July, 1973, to 
December, 1975, and included a total of 442 spills of flammable liquids from 
tank trucks, of which 5 resulted in explosions. It was conservatively assumed 
that all of these explosions were fuel-air detonations which yield the maximum 
possible overpressure. An in-transit explosion of a tank truck carrying a 
flammable liquid on I-5 is calculated to be 2.98 x 10-11 tank truck 
explosions/tank truck mile.  

The effect of the explosion for the flammable liquids listed in Table 1 is 
dependent on the chemical and physical properties of the materials. These 
chemicals are liquids at ambient temperature and pressure, and, in general, 
they have low vapor pressures and high vapor densities. Thus, the vapor 
formed tends to hug the ground, and only a thin vapor interface exists between 
the air and the liquid. Therefore, spilled liquids are unlikely to produce an 
explosion with a strong blast wave but will produce a simple flash-over flame 
igniting the remainder of the fuel. To be extremely conservative, it is 
assumed that 10% of the liquid is vaporized to form an explosive cloud for all 
flammable liquids, except for formaldehyde where 37% is used to correspond to 
the amount of formaldehyde in solution. It is assumed that the explosion 
occurs at the point of the accident. Delayed denotations of vapor clouds are 
discussed below.
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The enthalpy of combustion of a stoichiometric fuel-air mixture for each of 
the flammable liquids is equated to the enthalpy of detonation of TNT (500 
K cal/1b). In accordance with empirical observations of blast damage in 
unconfined vapor cloud explosions, it is assumed that the maximum fraction of 

the fuel in the combustion range or the maximum yield of the TNT equivalent 

weight is calculated based upon a probability distribution. The given value's 

of the yield are applied to the total quantity of material released, rather 
than the flash fraction.  

Since the average shipment size is almost equal to the maximum size, the 
maximum shipment size for each chemical listed in Table 1 was used to 
calculate the peak positive normal reflected overpressure at the plant site 
for a surface detonation. Only (later) are capable of causing a peak 
overpressure which exceed the design overpressure.  

5.3.2.2.3 Flammable Gasses 

The flammable gasses listed in Table 1 are shipped by the plant site as 
compressed liquids and compressed gas. Propane (LPG), butane, liquified 
natural gas (LNG), and hydrogen are shipped in tank trucks as compressed 
liquids, and hydrogen and acteylene are shipped as compressed gasses. The 
compressed liquids are shipped by tank trucks, and the conditional probability 
of a spill is 2.64 x 10-9 spills/tank truck mile (1.32 x 10-7 x 0.02).  
The probability of a liquified compressed gas-air detonation was determined 
from the Department of Transportation (DOT), Office of Hazardous Materials, 
Incident Reports for July 1973, to December 1975, and the University of 
Southern California study of DOT propane tank truck accidents from January 
1970, through August 1972. In each of these reports, there was 1 explosion 
out of 17 spills of.the cargo. Using 0.06 as the conditional probability of 
an explosion per spill, the total probability for a tank truck carrying 
compressed flammable liquified gas is 1.58 x 10-10 explosions/tank truck 
mile of 1-5.  

The magnitude of explosions is dependent on the chemical and physical 
properties of the material. For LPG, LNG, and liquified hydrogen, the amount 
of flashing of liquid to vapor was calculated from the enthalpy differences at 
the cryogenic shipping condition and at atmospheric pressure. The enthalpy of 
combustion of a stoichiometric fuel-air mixture for each of the flammable 
gasses was equated to the enthalpy of detonation of TNT. For the unconfined 
vapor cloud explosions of LPG and LNG it was assumed that the maximum yield of 
the TNT equivalent weight was based upon the probability distribution 
discussed above. For hydrogen and acetylene, it was conservatively assumed 
that the maximum yield was 100% of the TNT equivalent weight.  

The shipment weights used were the maximum weights given in Table 1 for LPG, 
LNG and liquid hydrogen. At the minimum distance of (later) feet, the 
fuel-air detonation of LPG will produce an overpressure of (later) psi and 
liquid hydrogen will produce an overpressure of (later) psi. LNG will produce 
a (later) psi overpressure.  

Hydrogen gas is shipped in 219 cubic feet cylinders with a maximum shipment 
size of 75 cylinders reported. Even in the case of assuming that all 75 
cylinders rupture to form a vapor cloud, the fuel air detonation of this cloud
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will create an overpressure of (later) psi. Hydrogen gas is also shipped in a 
tank trailer consisting of 10 cylinders having a total capacity of 640 pounds 
or 114,000 standard cubic feet. Instantaneous rupture of all 10 cylinders 
could produce a vapor cloud which, if detonated, could produce a 6.0 lb/in.2 

overpressure. Similarly the shipment of 10-198 pound, (gross weight) 
acetylene cylinders containing 330 cubic feet will cause an overpressure of 
(later) psi if all cylinders rupture to produce a vapor cloud. This analysis 
is extremely conservative since it assumed total release of all hydrogen and 
acetylene gas from all cylinders in an accident.  

Another possible cause of damage to the plant is a fireball generated by the 
explosion of tank trucks on 1-5. Ignition of a 10,100 gallon LPG tank 
consuming the entire contents would result in a fireball with a radius of 156 
feet with a duration of 7.4 seconds. Since the outer dimension of the 
fireball is 460 feet away from the nearest safety- related building, a 
fireball caused by the explosion of an LPG tank truck will not be a hazard to 
the plant.  

The delayed detonation of vapor clouds that result from spills of compressed 
liquids and gasses on I-5 are a possible hazard to the plant. No flammable 
liquids except formaldehyde (which is shipped as a gas in solution) are 
capable of forming a vapor cloud of significant proportions that could drift 
toward the plant. This is due to the fact that the flammable liquids form a 
thin vapor level between the air and liquid.  

Flammable gasses in liquid or gaseous state can form a vapor cloud which could 
drift toward the plant. To analyze this effect the puff release of the 
contents of these cargoes in the amount stated in the previous section was 
assumed to occur on 1-5 anywhere within 5 miles of the plant. The potential 
consequences of an explosion involving these releases is dependent on the 
location of the release relative to the direction of the prevailing wind.  
Table 4 gives the relative frequency with which the wind blows towards the 
plant from each of sixteen 22 1/20 wind rose sectors. The unrestricted 
vapor cloud is assumed to move downward from the release point under very 
stable atmospheric conditions (Pasquill Stability G).  

The effective length of 1-5 for which the detonation of a drifting puff 
release of the tank truck cargo would cause an overpressure of greater than 
(later) psi at the plant site was determined. The drifting cloud's capability 
ofexploding was based on its concentration being above the lower explosive 
limit concentration for the material being released. For conservatism it was 
assumed that vapor release within the distance calculated to produce 
overpressurization at the plant from an explosion at the accident site would 
not drift away from the plant.  

Using the value of 400 feet for the length of the plant parallel to 1-5, the 
effective length of 1-5 that could produce an overpressure greater than 
(later) psi due to a drifting unconfined vapor cloud explosion are for LPG 
(later), LNG (later), Hydrogen-liquid (later) and formaldehyde (later). The 
maximum explosive yields for LPG and LGN were 10% of the TNT equivalent 
weights and assumed to be 100% for hydrogen and formaldehyde. These values 
were multiplied by the probability of an explosion and number of annual
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shipments given in Table 1. The annual probabilities of a plant site 
overpressurization explosion due to a drifting cloud from an 1-5 tank truck 
spill are for LPG (later), LNG (later), hydrogen-liquid (later) and 
formaldehyde (later).  

The annual probability of an overpressurization from a release of LPG was 
further analyzed. This realistic analysis is an extension of the previous 
analysis using the following modified inputs: 

(1) The peak reflected overpressures required to cause release which 
could lead to consequences in excess of 10CFR100 guidelines is 
(later).  

(2) The single value of possible accident locations on 1-5 has been 
replaced by a distribution across the southbound lanes and shoulder.  

(3) Sixty percent of the LPG shipments on 1-5 are in tandem trailers 
with a maximum of 5,000 gallons available for involvement in a vapor 
cloud detonation.  

(4) The single yield of explosion has been replaced by a distribution of 
yields which is applied to the entire quantity of material released.  

(5) The probability of a significant explosion per train mile is reduced 
by a factor of two to account for the effects of improved couplers 
and head shields.  

A review of LPG shipment data on 1-5 shows that most shipments are southbound 
or on the side of the highway nearest the plant. The possible accident 
locations used in the realistic analysis were derived from actual truck 
accident locations along the ten-mile stretch of 1-5 near the plant. The 
resulting locations and the assigned relative probabilities are: 

o West edge of right-of-way 0.21 

o West edge of roadway 0.37 

o Center of roadway 0.26 

o East edge of roadway 0.16 

Finally, a probability distribution for the yield of an explosion was 
derived. The results of this realistic analysis show that the probability of 
exceeding the 10CFR100 guidelines are as follows: 

(1) Due to LPG on 1-5 (later)/year 

(2) Due to LPG on ATSF (later)/year 

(3) Total (later)/year 

The delayed detonation of hydrogen and acetylene was analyzed due to ruptures 
of gas cylinders containing these substances. There are no results available
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on the probability of cylinder failure in an accident. To obtain a 
probability of this type of failure, it is possible to relate the probability 
of steel drum failure to the probability of gas cylinder failure.  

The probability of breaching a cylinder or drum is assumed to be inversely 
proportional to the cube of the wall thickness. The wall thickness for the 
219 cubic ft. hydrogen gas cylinders is a nominal 0.24 inches, for the 10 
large cylinders it is a minimum of 0.375 inches, and for the acetylene 
cylinders it is a nominal 0.15 inches. The wall thickness for the steel drum 
is a nominal 0.0478 inches. Using the conservative value of 0.125 for the 
failure probability of steel drums, the probabilities of rupturing each type 
of cylinders per accident is 1.0 x 10-3 (219 cubic f . hydrogen cylinders), 
2.6 x 10-4 (large hydrogen cylinders) and 4.05 x 10- (acetylene 
cylinders).  

The probabilities of failing one or more cylinders in an accident are 0.07 
(shipment size of 75 hydrogen cylinders of 219 cubic ft.), 0.0026 (shipment 
size of 10 large hydrogen cylinders) and 0.04 (shipment size of 10 acetylene 
cylinders). For conservatism it is assumed that the entire cargo is 
released. This is extremely conservative since the probability of failing 
more than 3 cylinders per accident is essentially zero. Using the value of 
400 feet for the plant, the effective lengths of 1-5 capable of causing an 
overpressure of (later) or greater are (later) miles (later) ft. hydrogen 
cylinders), (later) miles (large hydrogen cylinders) and (later) miles 
(acetylene). The annual probabilities of a plant overpressure of (later) psi 
or greater due to the detonation of a drifting cloud from an I-5 release of 
flammable gas are (later) (for 260 shipments of 219 cubic ft. cylinders), 
(later) (for 24 shipments of large hydrogen cylinders) and (later) (for 52 
shipments of acetylene).  

The analysis for delayed detonation of vapor clouds is conservative since it 
is very probable that escaping vapors will find an ignition source near the 
accident site. Car and truck traffic along I-5 would provide ample heat 
sources from hot manifolds and mufflers. Data for 81 vapor releases from tank 
cars indicated that 58% were ignited within 50 feet of the accident and all 
leaks found sources of ignition within 300 feet. In addition, the maximum 
size was used with the assumption that the entire contents of the tank truck 
was capable of forming the vapor cloud. The effect of bouyancy was neglected 
in the analysis.  

5.3.2.2.3 Release of Toxic Gasses Due to Transportation Accidents on I-5 

Toxic chemicals are transported along I-5 on a regular basis. Tables 1 and 2 
list the observed materials transported past the site and their estimated 
frequency of shipment.  

The following five substances have been identified as a result of the 
probabilistic risk assessment as having probabilities near to or greater than 
10- 7/yrs:
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(1) Chlorine 1 x 10- 6/yr 

(2) Butane 1 x 10- 6/yr 

(3) Gasoline 1 x 10- 6/yr 

(4) ammonia 9 x 10- 7/yr 

(5) Propane' 2.x 10- 6/yr 

As a result of the control room habiability review performed on Unit 1 as 
required by NUREG-0737 Item III.D.3.4-Control Room Habitability, the Unit 1 
control room HVAC will be replaced. The new HVAC system will include an 
automatic isolation feature sensitive to the above chemicals.  

5.3.3 Transportation Accidents on the Atchison, Topeka, and Santa Fe Railroad 

Hazardous materials transported past San Onofre on the AT&SF railroad track 
are military ordnance and LPG. The AT&SF Railway Company does not anticipate 
any other hazardous materials being shipped through the San Onofre area.  

5.3.3.1 Accident Rates for AT&SF.  

Railroad accident rates are determined from the statistical data published by 
the Office of Safety, Federal Railroad Administration, U.S. DOT. Data was 
obtained from the Accident Bulletins, Summary and Analysis of Accidents on 
Railroads in the United States for the calendar years of 1968-1974. During 
this period there were 59,894 accidents nationwide with a total train mileage 
of over 5.8 billion miles.. The average accident rate is 10.3 x 10-6 
accidents per train mile. During this same period the AT&SF had 2,077 
accidents in 379,391,000 train miles for an average of 5.29 x 10-6 accidents 
per train mile.  

Using these accident rates for the stretch of AT&SF past the plant site are 
conservative since these rates include all train accidents including yard 
switching operations. Yard switching operations generally account for over 
75% of the collision accidents that occur on railroads.  

5.3.3.2 Explosions Due to Accidents on the AT&SF.  

5.3.3.2.1 Military Ordnance.  

The AT&SF report hauling 74 carloads of ammunition past the San Onofre site 
during the first 11 months of 1975. Shipments occur with a frequency of about 
7 carloads per month. The U.S. Navy states that the 1975 shipments had the 
following distribution by net explosive weight (a): 

1 boxcar/yr at 37,000 pounds net explosive weight 

1 boxcar/yr at 25,500 pounds net explosive weight 

82 boxcars/yr at less than 25,500 pounds but more 
than 400 lbs. averaging 13,000 pounds.  

a. Une pound of net explosive weight equals one pound of TNT



-16

To predict the overpressures that might be produced by the explosion of 
ordnance boxcars on the AT&SF track, assumptions are required about the weight 
of explosive in the 82 boxcars shipments where the value was not specified, 
and also about the number of ordnance boxcars which are carried in a single 
train.  

Table 5 gives the assumed frequency distribution of net explosive weight per 
boxcar vs. the number of boxcars/yr hauling this quantity of explosive. The 

mean net weight for the 82 boxcar loads of 25,000 pounds and less is 

approximately 13,000 pounds, which agrees well with the mean net explosive 

weight reported for these shipments by the U.S. Navy.  

It is assumed that all ordnance train shipments involve two loaded boxcars.  
For conservatism, the boxcar net explosive weights given in Table 5 were 
combined such as to maximize the weight of explosive per train shipment. It 
is further conservatively assumed that if either of the boxcars in a shipment 
detonates, the second will also detonate. The total weight and number of each 
size shipment is given in Table 6.  

No data were found on the conditional probability of a munitions car 
explosion, given a munitions car accident. However a report by the IIT 
Research Institute gives a compilation of data from which the probability of 
an explosion in a munitions train accident can be estimated.  

It has been estimated that there were 1.98 x 107 explosive train-miles per 
year based on statistics for a 57 year period from 1917 to 1973. The annual 
average train miles during this same period was 1.36 x 109. During this 
57-year period there were 35 explosions involving in-transit shipments of 
explosives. The national annual probability of an explosion due to a train 
accident involving explosives is 3.1 x 10-8 explosions per explosive train 
mile. The accident rate for the AT&SF is significantly less than the national 
average and therefore using the ratio of AT&SF accident rate to the national 
railroad rate, the probability of an explosion on the AT&SF involving 
explosives is 1.59 x 10-8 explosions per explosive train mile.  

The probability that a munitions train explosion on the AT&SF will cause a 
peak positive normal reflected pressure at the station which exceeds the 
design basis overpressure is estimated by the following equation: 

Pop Pex x SF xT 1 NiLi 

where 

Pop = the annual probability of an overpressure at the station 
exceeding the design basis overpressure of (later)
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Pex = probability of an explosive AT&SF per explosive train mile 
(1.59 x 10-8) 

SF = Significance factor (0.154) 

Ni = the number of munitions train shipments/yr which carry a 
total of Wi pounds net explosive weight past the San 
Onofre site 

Li = the critical length of track over which the detonation on 
Wi pounds of TNT would produce an overpressure at the 
station exceeding the design basis overpressure of (later) 
psi 

The significance factor is to eliminate those explosions that do not result in 
an explosive blast. Values for Wi and Ni assumed for the calculation are 

given in Table 6. Peak explosion overpressures are based upon standard 
scaling laws for surface, hemispherical burst of TNT at sea level. Assuming 
the entire explosive cargo of a train detonates in-mass, the annual 
probability of a peak positive normal reflected overpressure at the station 
exceeding (later) psi caused by ordnance detonations on the AT&SF track, is 
(later).  

This number can be considered to be conservative, and the actual probability 
of occurrence is expected to be much lower for the following reasons: 

(1) The number of accidents involving explosives included a large number 
of shipments that were made during both World Wars and the Korean 
and Vietnam conflicts.  

(2) If an explosion were to occur in a boxcar of ordnance of the type 
normally shipped past San Onofre (small arms ammunition) it is more 
likely to detonate in small individual bursts rather than as a 
single large blast. Overpressures experienced at the site would be 
correspondingly lower.  

5.3.3.2.2 LPG Tank Cars.  

There are two types of accidents involving LPG cars which could lead to an 
explosion: 

(1) Accidental puncture of an LPG tank car, and 

(2) Exposure of an LPG tank car to fire.  

During the 6-year period 1965 to 1970, there were 63 mechanical damage-induced 
loss-of-lading accidents involving type 112A cars carrying flammable 
compressed gases. The fleet of 112A (the type used to transport LPG by the 
plant) cars loaded with flammable compressed gases traveled a total of 5.38 x 
107 car-miles/yr during this period. Therefore, the national rate of 
loss-of-lading accidents per shipment mile was 1.95 x 10- 7 loss-of-lading 
accidents caused by mechanical damage/LPG tank car mile. The accident rate
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for the AT&SF is significantly less than the national average and therefore by 
using the ratio of the AT&SF and national average,-the AT&SF rate of 
loss-of-lading accidents per shipment mile is 1.0 x 10-7 loss-of-lading 
accidents by mechanical damage/LPG tank car mile.  

Forty incidents were reported between 1965 and 1970 in which 50 cars 
experienced loss-of-lading from tank cars carrying LPG, propane, or butane 
that were caused by mechanical puncture. In 24 of these cases, the release 
caused a fire, and in 26 cases the gas escaped without incident. Propane tank 
car accidents can be categorized according to their severity as follows: 

A. Type I - This type of incident would be caused by a major rupture of 
the LPG containment vessel resulting in a gross spill without 
ignition. The result would be that a very large vapor cloud would 
be formed. If this cloud would be ignited after an explosive 
fuel/air mixture had been formed, a maximum-incident explosion would 
result. This type of incident is characterized by an unconfined 
fuel/air detonation.  

B. Type II - This type of incident would he caused by a separate fire 
or a tank puncture resulting in a fire that would overheat the 
punctured propane tank or another propane tank in the near 
vicinity. The result would be an explosive pressure rupture of the 
heated tank, causing nearby overpressure damage and possible 
shrapnel damage from the ruptured tank. This type of incident is 
characterized by a propane tank explosion.  

C. Type III - This type of incident would result from a leak or a tank 
puncture resulting in a large spill with ignition occurring 
immediately or shortly after the incident. The propane would burn 
uncontrollably in a large, intense fireball. No tank explosion 
would occur since the tank puncture would be large enough to relieve 
the pressure. This type of incident is characterized by a large 
uncontrollable fireball with no explosion.  

D. Type IV - This type of incident would be caused by a leak, a tank 
puncture, a released safety valve or a burst transfer line or valve 
resulting in a controllable fire. The fire may be of considerable 
time duration and does not result in tank rupture, either due to 
fire control measures or protective insulation. This type of 
incident is characterized by a controllable fire with no explosion.  

E. Type V - This type of incident would involve a leak or a puncture, 
either small or large, in a propane tank of loading lines which does 
not result in fire. If no source of ignition occurs, the propane 
will be dispersed in the atmosphere in a relatively short time.  
This type of incident is characterized by loss of lading, but no 
fire.
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Reviewing the information available about the 40 incidents.cited above, it is 
concluded that these 50 tank car accidents can be classified as follows: 

Type Number of Accidents 

I 0 
II 2 
III 20 
IV 2 
V 26 

No tank car Type I severity accidents involving either LPG or propane have 
been reported in the period from 1965 to 1970. However, there was one such 
incident resulting from the puncture of a propylene car (January 22, 1972, St.  
Louis, Missouri) and a second due to the puncture of a car laden with 
isobutane (July 19, 1974, Decature, Illinois). To be conservative, these 
incidents are included in the data base to obtain the following relative 
frequency of occurrence per tank car for each type of accident due to 
mechanical damage to LPG tank cars: 

Relative Frequency 
Type of Occurrence 

I 0.038 
II 0.038 
III 0.385 
IV 0.038 
V 0.500 

In addition to the mechanical damage, exposure of LPG cars to fire can lead to 
explosions. There were 17 incidents involving 49 LPG tank cars during the 
period of 1965-1970. These accidents can be classified as follows: 

Type Number Frequency of Occurrence 

I 0 0.0 
II 39 0.796 
III 2 0.041 
IV 7 0.143 
V 1 0.020 

Although fuel-air detonations from fire-induced loss-of-lading accidents are 
conceivable, it is not credible that the escaping gas would fail to detonate 
very near the car (the heat from the fire which caused the tank car failure 
would also be available to initiate the detonation). The probability of a 
delayed detonation for these cases is accordingly assumed to be zero.  

One hundred thirteen carloads of LPG were shipped past the San Onofre site 
during the first 11 months of 1975. The annual frequency of shipments is 
taken to be 124 LPG cars/yr., based upon the opinion of the AT&SF that there 
will be minimal future growth in LPG haulage. The AT&SF has also stated that 
there are no more than two or three LPG tank cars in any one train.
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There are three possible hazards that could adversely affect the plant from an 

explosion of an LPG tank car; overpressurization, fireball, and missiles 
generated by tank car explosion. Detonation and resulting shock wave would 

occur only for Type I events. For Type II events, the overpressure failure of 

the tank car results in an explosive energy release but not detonation. A 

very conservative analysis of this yielded a maximum overpressure at the plant 
of approximately 1.0 lb/in.2.  

A realistic analysis of the overpressurization potential to the plant site 

from LPG tank cars has been performed using the following inputs: 

(1) The peak reflected overpressures required to cause release which 
could lead to consequences in excess of 10CFR100 guidelines as 

(later) psi.  

(2) The single yield of explosion has been replaced by a distribution of 

yields which is applied to the entire quantity of material released.  

(3) The probability of a significant explosion per train mile is reduced 

by a factor of 2 to account for the effects of improved couplers and 
head shields.  

The results of this realistic analysis show that the probability of exceeding 
10CFR100 guidelines from an LPG explosion on AT&SF railroad is (later).  

A second possible cause of plant damage is the detonation resulting in a 
fireball causing damage to the plant. The maximum size fireball would be the 

result of a Type III accident. A considerably smaller fireball could result 

from a Type II accident. Ignition of 30,000-pound tank car of LPG would 
result in a fireball with a radius of 221 feet with a duration of 10.4 
seconds. A fireball of this duration at a distance of about 300 feet from the 

plant will not cause damage to concrete buildings. Furthermore, 
safety-related equipment located outside would not be affected. The effect of 

the fireball would be to overheat equipment by radiation heating. Because the 

plant is located below a steep bluff, out of line of sight from the railroad 
track, it is expected that no radiation heating of equipment would occur.  

The final potential hazard to the plant is the generation of self propelled 
(or rocketing) missiles due to Type II ruptures of the tank car. A fragment 
from an LPG tank car explosion was hurled 2,640 feet while the great majority 
of the rocketing tank car fragments generated by exploding tank cars have a 

range of less than 1,000 feet. The largest range of a car fragment from a 
flammable gas tank car rupture was 4,900 feet due to an ethylene oxide tank 
car rupture. Using the value of 4,900 feet for generating missiles and 400 
feet for the length of the plant parallel to the tracks gives a track length 
of 10,200 feet or 1.93 miles. The probability that a fragment will impact the 

plant is obtained from the ratio of the solid angle at the accident site which 

would yield a plant impact to the total solid angle of a hemisphere.  
Considering the plant effective area and the maximum range discussed above, 
this probability of impact is a maximum of (later). The effects of missile 
impacts on the plant are discussed in the assessment of Topic III-4.0, Site 
Proximity Missiles (Including Aircraft).
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The probability of a directly occurring Type II accident due to mechanical 

damage is 0.038. The probability of a Type II event occurring due to a fire 

is 0.796. Most Type II LPG tank car accidents (10 out of 12 in years 
1965-1970) are caused by fires from other LPG tank cars. These other tank car 

fires were the result of Type II or Type III accidents which occur with a 

probability of 0.423. The overall probability that a fire in one LPG tank car 
will result in a Type II event in a second LPG tank car is 0.28. Therefore 

the total probability of Type II event due to puncture accident of an LPG tank 
car is 0.318. The annual probability for Type II occurrence due to mechanical 
puncture of an LPG car per AT&SF track mile is 3.94 x 10-6.  

In addition to the probability of an LPG tank car fire, there is the 

probability that a train fire will be initiated by means of other than a 

puncture of an LPG tank care. WASH 1238 states that fire occurs in about 1.5% 

of all train accidents. Conservatively assuming that none of these fires are

caused by LPG tank punctures, the probability of a fire per train accident is 

1.5 x 10-2. The average accident rate of AT&SF trains are 5.29 x 10-6 

accidents per train mile. Using 62 LPG trains per year carrying 2 LPG cars 

the probability of a train fire on a 1-mile length of track is 4.92 x 10-6.  

Using an average train length of 70 cars and 10 cars involved in the accident 

with the probability that a non-LPG tank .car will cause a Type II rupture 

(0.167) and the probability that either or both of the LPG cars are involved 
in the accident, the annual probability for a Type II rupture due to non-LPG 

tank car induced fire is 9.3 x 10-8 per track mile.  

The combined annual probability for Type II rupture from all causes is 4.03 x 
10-6. If it is conservatively assumed that all Type II events will produce 
one rocketing fragment, the total annual probability that an LPG tank 

generated fragment strikes the safety-related a structure of the unit is 

(later).  

The analysis of explosions on AT&SF railway is conservative for the following 
reasons: 

(1) The accident rate within 5 miles of the plant should be lower since 
there are no grade crossings.  

(2) The accident rate used included switching operations.  

(3) The probability of tank head puncture of LPG tank cars should be 
reduced due to the required installation of tank head protective 
shields by 1977.  

(4) The entire contents of the tank car was assumed to be capable of 
flashing to form a vapor and be available to fuel a fireball.  

5.3.4 Accidents Involving Natural Gas Pipelines 

A 12-inch natural gas pipeline is located approximately 510 feet from the 

nearest safety-related plant structure. An analysis has been performed to 

determine the likelihood of a pipeline accident that leads to an unacceptable
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concentration of 4.4% natural gas at the air intake and is documented in the 
San Onofre Units 2 and 3 FSAR. The analysis results in a negligibly small 
probability (6.75 x 10-9/year) of intersection of the 4.4% concentration 
with the plant intake. The analysis is also applicable to and conservative 
for San Onofre Unit 1 for the following reasons: 

1. The terrain at Unit 1 is similar to that at Units 2 and 3. However, 
the bluff between the plant and the pipe line is both higher and 
steeper at Unit 1 than at Units 2 and 3. Therefore, flow separation 
from the ground is more likely for Unit 1.  

2. The Unit 1 control room air intake is at a lower elevation than Units 
2 and-3. Therefore, the gas concentration would be lower at the 
intake for Unit 1 than Units 2 and 3.  

3. The Unit 1 air intake is farther from the pipe line than 
Units 2 and 3.  

5.3.5 Offsite Fires 

Offsite fires are not considered a credible hazard to the plant.  

5.3.6 Accidents at Nearby Industrial and Military Facilities 

There are no significant manufacturing plants, chemical plants, refineries, 
wells, oil or gas storage facilities, or mining operations within 5 miles of 
the site. Hazards associated with the Camp Pendleton Marine Corps base are 
discussed above.  

5.3.7 Accidents at Sea 

The closest shipping lane to the site is located more than 5 miles from 
shore. Therefore postulated shipping accidents are not evaluated as possible 
design basis events.  

6.0 CONCLUSION 

Based upon the above information, it is concluded that: 

1. the risk to the plant from nearby industrial facilities is 

negligible, 

2. the risk to the plant from the Camp Pendleton Marine Corps Base and 
associated operations, except for munitions shipments, is negligible, 

3. the risk to the plant from the commercial shipping lines at sea is 

negligible, 

4. the risk to the plant from the three nearby gas pipe lines is 

negligible, and 

5. there exists a potential hazard to the plant from explosions due to 
accidents involving hazardous materials on both 1-5 and the AT&SF 
railroad. Further analyses of these hazards will be performed and 
submitted approximately February 1, 1982.
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Table 1 
HAZARDOUS CARGO TRAFFIC ESTIMATES (Sheet 1 of 2) 

Annual(a) Average Maximum(b) 
Cargo Type Shipments Shipment Size Shipment Size 

Flamable Liquids 

Gasoline 17,000 8,600 gal 9.000 gal 

Diesel oil - 650 7,600 gal 7,900 gal 

Jet fuel 910 8,000 gal 9,000 gal 

Solvents 
(See table- 2 ) 

Miscellaneous 
Petroleum Products 
(See table 2 ) 

Flamable Gasses 

Propane (LPG) and 
Butane 2,200 9,700 gal 10,100 gal 

LNG 420 9,200 gal 9,200 gal 

Hydrogen (liquid) 52 8,500 gal 

3 3 
Hydrogen (gas) 260 38 -219 ft 75 -219 ft 

cylinders cylinders 

Hydrogen (gas) 2 4(c) 10 - 11,400 ft3 10 - 11,400 ft3 

cylinders cylinders 

3 
Acetylene 10 - 330 ft 

cylinders 

a.. Estimate of annual shipments based on survey at truck weighing sta
tion except where shipper estimates exceeded that number.  

b. Maximum size is based on the actual observed shipments.  
c. Not actually observed, identified through a questionnaire survey 

of all chemical manufacturers in the region.



Table 1 
HAZARDOUS CARGO TRAFFIC ESTIMATES (Sheet 2 of 2) 

Annual (a) Average maximum(b) 

Cargo Type Shipments Shipment Size Shipment Size 

Compressed Gasses 

Carbon dioxide 260 20 tons 20 tons 

Argon 200 1,800 gal 8,000 gal 

Helium 130 12,000 lb 12,000 lb 

Nitrogen 2,400 40,000 lb 44,000 lb 

Chorine 754 7.5 tons 13 tons 

Anhydrous ammonia 132(c) 5 tons 7.5 tons 

Miscellaneous 

Poison & Pesticides 260 8,000 lb 19,000 lb 

Corrosives (acid) 850 26,000 lb 50,000 lb 

Used Batteries 490 20,000 lb 42,000 lb 

Paint 1,400 18,000 lb 40,000 lb 

Cleaning Products 520 9,000 lb 36,000 lb 

Pool Chemicals 1,000 8,000 lb 45,000 lb



Table 2 
INFREQUENT HAZARDOUS CARGO SHIPMENTS (Sheet 1 of 2) 

Chemical Shipment Size 

Solvents 

Acetone(a) 7,600 gal 
Diacetone (b 2,600 gal 

Xylene (24 annual shipments'b) 7,500 gal 

Shell SOL M-75 1,575 gal 

TOLU-SOL-6 975 gal 

Naptha 2,725 gal 
Methanol(a) 1,000 gal 

Ms 20H 8,000 gal 
Pentachlorophenol 20,000 lb 

Miscellaneous Petroleum Products 

Benzene 300 gal 

Motor oil 34,000 lb (typical 

Formaldehyde(a) 
(14 annual shipments(b)) 6,000 gal 

Weed oil h 54,000 lb 

Crude oil 7,600 gal 

Hydraulic oil 3,900 gal 

Perchloroethylene 4,000 gal 
Methyl butyl ketone 1,000 

Methylene chloride -3,800 gal 

Methyl ethyl ketone 13,000 lb 

Ethylene dichloride(a) 1,000 

Butyl Acetate 22,000 lb 

Epoxy 1,000 lb 

Poisons and Pesticides 

Methyl bromide 3,500 lb 

Corrosives 

Hydrochloric acid 40,000 lb 

Surfuic acid 3,340 to 50,000 lb 

Muriatic acid 3,120 lb 

Nitric acid(a) 2,800 lb 

a. Not actually observed; identified through a questionnaire 

survey of all chemical manufacturers in the region 

b. Based on shippers estimate



Table 2 
INFREQUENT BAZARDOUS CARGO SHIPMENTS (Sheet 2 of 2) 

Chemical Shipment Size 

Cleaning Products 

Caustic soda 5,000 to 37,000 lb 

Chemical soap 36,000 lb 

Detergent (powder) 693 to 1,200 lb 

Soap 800 to 9,000 lb 

miscellaneous 

Plastic resin 2,000 lb 

Alum sulfate (liquid) 10,700 lb 

Titanium dioxide 11,000 lb 

Nitrous oxide 1,904 ft. 3 

Aerosol cans 40,000 lb 

Chromium oxide (powder) 2,000 lb 

Roofing resin 50,000 lb 

Potassium nitrate 1,000 lb 

Ammonium nitrate 51,000 lb



Table 3A 

SUMMARY OF DATA SUPPLIED BY 

CALIFORNIA DEPARTMENT OF TRANSPORTATION 

lesNumber Accidents per 
Calendar Tronk il of Accidents 106 Miles 

1974 20.38 x 106  12 0.589 

1975 19.88 x 106 9 0.453 

1976 21.83 x 106 15 0.687 

1977 22.65 x 106 12 0.530 

Combined 84.74 x 106 48 0.566 

Table 3B 

U.S. DOT INTERCITY HIGHWAY TRUCK.ACCIDENT 
RATES PER MILE 

AccidentOReported AceidenO- Ranjxty0- Fatalil0

Year i vra aex1- aex1- aex1

1971 $ 250. 2.19 1.00 0.083 

1972 $ 250 2.31 0.996 0.081 

1973 $ 2000 0.952 1.02 0.071 

a. Accident also reported if there was an injury or fatality.  

Table 3C 

NATIONAL TRUCK ACCIDENT RATES 

Calendar Total Intercity Total Intercity Accident Rate 

Year Vehicle Miles Accidents per 106 Miles 

1968 11704 x 106 29209 2.50 

1969 12461 x 106 30672 2.46 

1970 12390 x 106 33203 2.68 

1971 13951 x 106 30581 2.19 

1972 15883 x 106 36682 2.31 

Combined 66389 x 106 160347 2.41



Table 4 
TABULATION OF THE RELATIVE FREQUENCY WITH WHICH WINDS BLOW TOWARDS THE 
SAN ONOFRE SITE FROM EACH OF THE 22-1/2 DEG WIND ROSE SECTORS, AND THE 

LENGTH OF INTERSTATE 5 LYING WITHIN EACH SECTOR AREA 

Frequency of Estimated 
Winds Blowing Length of 
Toward the Interstate 5 

Wind Direction Site from Included within the 
Sector . Sector Sector Area (miles) 

NW 0.0614 4.85 

NNW 0.0320 0.27 

N 0.0343 0.10 

NNE 0.1092 0.07 

NE 0.1404 0.07 

ENE 0.0289 0.10 

E 0.0163 0.25 

ESE 0.0220 1.84 

SE 0.0485 2.84 

SSE 0.0698 0 

S 0.0652 0 

SSW 0.0607 0 

SW 0.0533 0 

WSW 0.0639 0 

W 0.0857 0 

WNW 0.1078 0



Table 5 ASSUMED BOX CAR WEIGHT DISTRIBUT1JION OF ORDNANqCE 
TRANSPORTED BY RAIL PAST THE SAN ONOFE SITE 

Boxcar Shipments/yr Net Explosive Weight/Boxcar 
(lb) 

1 
37,000 

4 25,500 
10 25,000 
15 20,000 
25 15,000 

15 13,000 
10 10,000 
2 6,000 

3,000 
400 

84 boxcars/yr 

Table 6 
ASSUMED SHIPMENT WEIGHT DISTRIBUTION OF ORDNANCE TRNSPORTED BY RAIL PAST THE SAN ONOFRE SITE 

Muitions Tra n ments/Yr Total Net Explosive Weight/Shipment 

Wi (1bs) 

2 62,500 

5 50,000 

5 40,000 

1 30,000 
12 28,000 

26,000 
1 20,000 

16,000 

1-12,000 
19,000 

3,400 
42 shipments/yr


