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Abstract: This report explains the overturn of a tractor-semitrailer (cargo tank) in

Carmichael, Catifornia, on February 13, 1991, and the subszquent fire that resulted

from the release and ignition of automotive gasoline that was being transported in

the cargo tank for an intrastate delivery. The safety issues discussed in the report are

(a) the lack of U.S. Department of Transportation performance standards for

components mounted on manhole covers on motor vehicle tanks transponmt_i_bulk
|

hazardous liquids; (b) the adequacy of California standards for highway bulk liquid
cargo tanks; (c) the effectiveness of the carrier’s evaluation of driver training and
pertormance; and (d) the lack of requirements for postaccident toxicological testing
of drivers involved in the intrastate transportation of hazardous materials. Safety
recommendations concerning these issues were made to the Research and Special
Progmms Administration, the Federal Highway Administration, and the National
Highway Traffic Safety Administration of the U.S. Department of Transportation; to

the State of California; to other States and U.S. Territories; and to the motar vehicle
carrer.
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EXECUTIVE SUMMARY

About 3 a.m. Pacific standard time on February 13, 1991, a tractor-
semitrailer (cargo tank) overturned as the vehicle was traveling on a main
urban roadway in Carmichael, California. The tractor and semitrafiler wer:
owned and operated by Calzona Tankways, Inc., of Phoenix, Arizona. At the
time of the accident, the truck was being used for the intrastate delivery of
gasoline to servico stations; the cargo tank contained ahout 8,800 gallons of
sutomotive gasoltne.

The driver lost control of the vehicle in a curve. The vehicle
overturned ontu its side and struck the embankment of a drainage ditch
located in & dirt field beside the road. The cargo tank bounced and came to
rest in the dirt field and adjacent to the drainage ditch. The rear end of
the cargo tank landed on an unoccupied car parked in the field.

Gasolinae from the cargo tank spilled into the drainage ditch, which
extended under the roadway and behind private residences nearby. About
15 minutes after the overturn, the gasoline ignited behind a residence. The
fire flashed back and engulfed the overturned cargo tank, and the car under
the cargo tank. A second unoccupied car parked near the overturned tank
truck also caught fire. Gasoline runoff in the drainage ditch entered the
underground drainage system and was also ignited.

In addition to the total loss of the tank truck, its cargo, and the two
parked cars, four homes and their contents were destroyed or heavily damaged
by fire, and the residents from a 2-mile-square area were evacuated. Total
property damage ani cleanup costs were estimated at nearly $1 million,
There were three miror injuries.

The National Transportation Safety Board determines that the prabable
cause of the accidant was the inattention of the driver, for undetermined
reasons, which resulted in his operation of the tank truck at excessive
speeds leading to {ts overturn. Contributing to the severity of the accident
was the failure of one of the liquid-level sensors mounted on the manhole
cover for the forward compartment of the cargo tank to remain secured.

The following sefety issues are discussed in this report:
1. The lack of U.S. Department of Transportation performance

standards for components mounted on manhole covers on motor vehicle
tanks transporting bulk hazardous 1iquids;

The adequacy of California standards for highway bulk Yiquid cargo
tanks;

The effectiveness of the carrier’s evaluation of driver training
and performance; and




The lack of requirements for postaccident toxicological testing of
drivers involved fin the intrastate transportatfon of hazardous

materials.

Safety reconmendations concerning these issues were made to the Research
and Special Programs Administration, the Federa) Highway Administration, and
the National Highway Traffic Safety Administration of the U.S. Department of
Transportation; to the State of California; to the other States and U.S.
Territories; and to the motor vehicle carrier.
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INVESTIGATION
The Accident

Events Preceding the A .--The accident trip originated at the
Atlantic Richfield Corporation (ARCO) terminal 1in West Sacramento,
Californta, about 14 miles from the accident location (fig. 1). The driver
had Joaded about 8,800 jallons of unleaded automotive gasoline in the four-
compartment cargo tank at the ARCO terminal. According to the driver, he did
not check the manways and fittings on top of the cargo tank before departing
the ARCO terminal about 2:45 a.n.!

The driver’s destination was a service station located on Fair Oaks
Boulevard (Blvd.) in Carmichael, California, about 1 mile north of the
accident locatfon and about 15 miles from the ARCO terminal. In a statement
to the California Highway Patrol (CHF), the driver stated that there vas
virtually no traffic and that he did not have to stop at any stop lights on

the accident trip. The driver indicated that he had driven this route on two
previous work trips, had passed the accident scene many times fn his own
car, and was not surprised by the curve,

At the time of the accident, weather conditions were clear, visibility
was about 7 miles, winds were calm, and the temperature was about 46 OF., The
pavement was dry.

Overturn of the Tank Truck.-- According to the vresponse to written
questions submitted by the Safety Board,? the driver was not sure of the

en?inn rpm or the transmission gear at the time of the accident. ODuring 2
telephone interview with the California Highway Patrol (CHP) on February 14,
the driver stated that the speed of the truck was about 3% to 40 mph. He
also stated that "you get to where you don’t even look at the speedometer or
the tachometer even,™ and that he could determine the speed "real close® by
listening to the engine. The driver further indicated that he was listening

L te) ALY times are Pacific standerd time. (b} The coargo tankt was
toaded through the bottom (ittings,

: INe driver declined to be !nterviewed by Safety 8oard investigetors
upon the sdvice of his sttorncy Lecause of possible criminsl charges. Sofety
Soard investigaters provides a tist of written questions to the attorney.
the eattorney provided o written susasry of the driver’s answuars.
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to the radio and may have been singing with music. There were no lights on
;nside the cab of the tractor, and he was wearing a lapbelt and shoulder
arness.

The driver indicated that after the truck had passed through the first
curve on Fair Oaks Blvd. {a curve to the right preceding the accident curve
to the left], the truck "leaned hard to the right and felt mushy" (fig. 2;.
He further indicated that he "steered into the lean" and that the truck “felt
as if 1t was coming back,"” but ft "suddenly leaned harder to the right”
beyond the point of steering. The driver thought that a right-side tire on
the tractor had a blow-out causing the vehicle to overturn.

An employee of the Sacramento Bee newspaper was preparing to deliver
newspapers when he saw the accident occur. He stated that he had arrived and
parked his car at the corner of 0Oak Avenue (Ave.) and Boyer Drive about
3 a.m. He was standing next to his car when he heard a loud scraping noise.
He turned and saw the tank truck as it began to overturn. According to the
employee, the tank truck was in both lanes of northbound Fair Qaks Blvd. and
centered in the intersection of Fair Naks Blvd. and Oak Ave.’ He saw the
truck overturn onto its right side and slide into the dirt field [adjacent to
and east of Fair Oaks Blvd.j. The newspaper employee stated that the tank
truck hit the drainage ditch [in the field] and bounced, and the cargo tank
landed on an unoccupied car parked in the field.

Release of Gasoline.--After the tank truck had overturned and before
the newspaper employee saw any indication of a fire, he heard a loud hissing
noise and smelled gasoline. He could not see the location on the cargo tank

from which gasoline was leaking, although he stated that the top right-hand
side of the cargo tank was “"crushed and crinkled up."” He estimated that he
was standing 150 to 200 feet away from the tank truck.

The newspaper employee stated that he saw the driver of the tank truck
climb out of the tractor and go to the apartments at 5800 Fair Oaks Blvd. As
local residents began to gather cutside, the newspaper employee heard someone
warning the on-lookers to keep away from the tank truck.

At 3:05 a.m. Sacramento County Fire Dispatch was notified ¢f an accident
at 5820 Fafr Oaks Blvd. involving an auto and a "gasoline tanker." Engine 9
with a crew of three; Truck 9 with a crew of four; and the Chief, Battalion 4
from Station 9 of the American River Fire District were en route at 3:07 a.m.
and arrived about 3:10 a.m. according to fire department dispatch logs.
Engine 9 and Truck 9 were positioned on southbound Fair Qaks Blvd. adjacent
to the Twin Garden Apartments at 5831 Fair Oaks Blvd. The CHP had also been
notified about 3:05 a.m., and two CHP officers in a cruiser arrived between
3:10 a.m. and 3:12 a.m. The cruiser was also positioned on southbound Fair
Oaks Blvd., north of the firefighting equipment.

3 Preceding the accident curve, Fair Oesks Bivd., follows an e¢ast-west
direction. in the vicinity of Osk Ave., Ffair Oaks 8ilvd. turns and continues
in & north-scuth directicn.
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The captain and the engineer from Engine 9 and the captain from Truck 9
all stated they saw gasoline leaking from the tank truck when they first
arrived at the scene. The captain from Engine 9 indicated that from his
vantage point in the parked fire truck, and with the assistance of a
spotlight on the fire truck, he saw product leaking from the top of the tank
truck. He did not believe that the 1eak was located on the side of the cargo
tank because the right side of the tank was against the ground and not
visible. He stated that the rate of flow was similar to that which would
occur from a & 1/2-inch fire hydrant. He characterized the flow as constant,
moderate in rate, and with no pressure.

The engineer from Engine 9 also described product Jeaking from a single
location within 1 foot of the forward head of the tank at what would have
been the top of the tank. The engineer initially stated that the leak was
through 2 "puncture” about 4 to 6 inches in diameter. On a second occasion,
he stated the leak was through a round opening. The captain from Truck 9
also indicated that product was leaking from a single location toward the
front and on top of the cargo tank. He further stated that the flow of
product from the tank was not under much pressure. The three firefighters
estimated they were 200 to 300 feet from the tank truck.

One CHP officer also stated he saw product "gushing® from a
"hole...towards the top, the right side of the truck.” He estimated the
hole to be 1 to 2 feet in diameter, and described it as a "ruptured” hole.
He stated that he did not get very close to the tank truck because he was
afrajd that the tank would explode. 8oth CHP officers also noted that the

odor of gasoline was very strong when they arrived at the scene.

Janition and Fire.--Both CHP officers, the captain from Truck 9 and the
engineer from Engine 9 all estimated that the ignition of the gasoline and
the resulting fire occurred about 5 minutes after their arrival at the
accident scene. At the time the fire occurred, firefighting personnel were
setting up equipment and attending to the injued driver. The two CHP
officers had not been aware that the accident involved a single vehicle, and
thought there may have been a second vehicle involved. The officers, upon
thetr arrival, first verified there was not a second vehicle or driver, and
then were approaching the injured tank truck driver when the fgnition and
fire occurred. The communications log contains an entry at 3:18 a.m. that
the tank truck had expinded and ignited.

One of the CHP officers stated that he first heard a muffled explosion
from the hack of a home near 5807 Twin Gardens Orive. He observed flames
immediately shoot 60-80 feet in the air. He stated that after the first
explosion, the flames spread quickly back toward Fair OGaks Blvd. He stated
that a second explosion at 5827 Twin Gardens Orive blew the roof off the
house. The fire then advanced across Fair Oaks Blvd. and engulfed the
overturned tank truck and the parked car under the cargo tank, which caused a
third explosion. A second unoccupied car, parked about 20 feet from where
the truck came to rest, also caught fire. The officer estimated that the
time between the first and third explosions did not exceed 5 seconds. The
second CHP officer also saw the fire come across Fair Oaks Bivd. and recalled
that the rozd was covered in flames. He also described the movement of




6

flames and the explosion of the tr:~k to have beein very fast. The engineer
from Engine 9 estimated that the .ime interval between the first explosion
and the engulfment of the tank truck was less than 30 seconds. Immediately
following the explosions, the firefighters and CHP officers on-scene moved
their vehicles and equipment away from the burning tank truck. The CHP
officers also began to direct on-lookers away from the tank truck.

Photographs indicate that the fire did not spread beyond the immediate
area of the overturned tank truck in the direction from which the truck had
come (fig. 3). The drainage ditch at the location of the accident went under
Fair Oaks Blvd. and extended west. The fire followed the crainage dftch
westward to Windham Hill Court (see fig. 2). Gasolinc that entered the
underground drainage system in the immedfate area was also ignfted.

Emergency Response

Emeragency Management.--With the ignition of the gasoline, the Sacramento
County incident command system* was initiated. The Chief of Battalion 4
assumed the responsibility of incident commander, and a command post was
established at the intersection of Fair Oaks Blvd. and Frontier Street.
Between 3:18 a.m. and 3:57 a.m., five additional alarms were issued. Al
additional responding units were directed to a staging area estiblished at
the southwest corner of Fair Oaks Blvd. and E) Camino Ave. where they
recefved their assignments from the i{ncident commander. timately,
18 engines, 6 trucks, 2 hazardous materials unfts, 1 crash truck, 1 air unit,
1 grass unit, and 14) firefighters from the Amarican River Fire District and
five other departments responded to the fire. An additional 44 personnel
from six stations were placed on stand-by.

Because of the threat to property and continuing spread of the fire, the
incident commander permitted the tank truck to burn and directed his efforts
to contatning the fire that was spreading through the residential area west
of Fair Oaks Blvd. As additional firefighting units arrived, they were
diructed to varinus locations on Twin Gardens Drive, Fair Oaks Blvd.,
Garfield Ave., and Windham K{11 Court.

The first patrol unit of the Sacramento County Sheriff’s Department
arrived at the scene about the same time that the fire started. The fncident
commander directed the sheriff’s personnel to assist firefighters with the
evacuation of residents from the 2-mile-square area bounded by Fair Qaks
Blvd. to the east and south, El Camino Ave. to the north, and Garfield Ave.
to the west. By 3:25 a.m., about 300 restdents had been evacuated, fncluding
the residents of a nursing home located between Ranchero Way and E1 Camino
Ave. E1 Camino High School at 4300 £1 Camino Ave. was opened by 4:10 a.m. to
receive evacuees, and Red Cross personnel were present to provide assistance.

T incident command systea estabiishes procedures for the control and
coordination of personnel, factliities, squipment, and tommunications during
all pheses of an energency.
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Additional CHP patrol units also arrived tc assist with the evacuation
of residents, to keep traffic and onlookers from entering the evacuated area,
and to provide security in the area.

By 4:25 a.m. the fives involvin? the four private residences at 5821 and
5827 Twin Gardens Drive and 2310 and 2313 VYan Ufford Lane were extinguished.
By 7 a.m. the fires in the drainage ditches, {in the underground drainage
system, and at the tank truck were extinguished. Firefighting and hazardous
materials units remained on the scene throughout the day to coordinate with
various agencfes until the remaining gasoline runoff was contained and
removed. Residents were permitted to return to their homes about 3:10 p.m.,
and the command post was disbanded atout 7 p.m.

In addition to the response of fire, police, and medical personnel, a
total of 217 personnel from other a11ied agencies--such as the local utility
companies, service organizations, and State and local agencies for fish and
game, public works, water and frrigatton, and environmental protection--also
responded and provided support.

.--At a debriefing held on February 16, 1991, by
the American River Fire District, the foliowing conclusions were made:

° The initial description of the accident by the dispatcher that a
gasoline tanker was i{nvolved allowed firefighters to take
precautions as they approached the site.

. Orills conducted prior to the accident with other fire companies in
Sacramento and knowledge of their capabilfties resulted 4n
effective interaction and communication.

Injuries

Injuries® Resident Firefighter Driver Jotal

Fatal 0 0 0 0
Serious 0 0 0 0
Minor 1 1 1 3
None 0 0 0 0
Total 1 1 3

The driver sustained lacerations on the scalp and arm and abrasions and
fo:t?si?ns on the back and face. A firefighter and a resident suffered smoke
nhalatfon.

s Fatol and sertour injurtes are defined in 49 CFR 830.50.




Damages

The tractor, the cargo tank semitrailer, and iwo unoccupied automobiles
that were parked near the final position of the tractor/semitrailer were
completely destroyed by fire. Four houses also sustained structural and
thermal damage from the fire.

Calzona Tankways, Inc., owner and operator of the tractor and cargo
tank, estimates the damages fncurred as follows:

Tractor and semitrailer | $ 120,000
Loss of cargo 5,900
Property (residences and automobiles) £68,000
Environmental clean-up and monitoring ___300.000

Total $ 993,900

Yehicle Information

General.--The tractor and the cargo tank semitrailer were owned and
operated by Calzona Tankways, Inc., of Phoenix, ..rizona. The combination
vehicle was 56.75 feet long and weighed 79,000 pounds (fig. 4). The vehicle
was equipped with air mechanfcal S-cam seivice brakes. All wheels were
equipped with automatic slack adjusters. The wheels for the tractor’s drive
axle and the trailer’s axle were equipped with spring brakes that served as
emergency and parking brakes.

.--The tractor was a 1989 Kenworth, Model T-400-A conventional.
It was equipped with a Cummins L10-300 diesel engine (300 horsepower at
1,900 rpm), Ross power steerin?, and an taton-Fuller nine-speed transmission.
The rear drive axle had a 3.70 ratio. According to the manufacturer, the
tractor was equipped with radial tires that would travel 516 revolutions per
mile. The tractor had a 180-inch wheelbase, an overall length of 23.7 feet,
and a weight of 13,775 pounds. Its recorded mileage 2 days before the
accident was 211,114 miles. Based on the maximum engine rpm’s, transmission
ratfo, drive axle ratfo, and tire revolutions per mile, the ~aximum
attainable speed of the tractor was calculated to have been 59.7 mph.

The truck was equipped with a fully adjustable “air-ride" seat and air
conditioning. The driver had no complaints about the environment of the cab.

Cargo Iank.--The cergo tank was & U.S. Department of Transportation
(00T} specification MC 306 aluminum cargo tank manufactured by the Fruehauf
Corporation in May 1989. Calzona used the cargo tank to transport various
grades of automotive gasoline and, on occasion, diesel fuel. The cargo tank
semitrailer was 43 feet 10 inches long, 10 feet 3 1/4 {inches high, and
8 feet wide. The design pressure for the tank was | psig and the hydrostatic
test pressure was 3 psig.




Figure 4.--A tractor and cargo tank semitrailer similar
to the vehicle involved in the accident.
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The cargo tank had a nominal capacity of 9,500 gallons and was divided
fnto four compartments. The capacity and lading ia each compartiment at the
time of the accident s listed below:

Compartzent No, {apacity Lading
(From front to roar) (Gallons) {Gallons)

3,450 3,200
1,100 1,000
2,150 2,000
2,800 2,600

Each compartment was equipped for bottom-loading and discharge through
an individual 4-inch aluminum transfer line. The cargo transfer line for
each compartment extended from the buttom of the compartuent to individual
uanifoldsklocated at the middle and along the bottom and right side of the
cargo tank.

MMMBM:M&.EM%--M the top of the tank,
each compartment had a manho

% opening and a vent opening for a vapor return
system® (fig. 5). The manhole cover fir compartment 1 was the closest
fitting to the front of the tank. The vents for compartment 1 and 2 and the
manhole cover for compartment 2 were clustered together at the bulkhead
sep:rating the two comzartments, about 14 feet behind the front of the cargo
tank.

Each manhole cover was a 16-fnch Jiameter steel cover manufactured by
Betts Industries, Inc., and had an offset 10-inch diameter cast aluminum dome
11d for the pressure-actuated fill (PAF) opening (fig. 6). Each cover also
had three openings for mounting accessory devices on the cover. On the
accident vehicle, two of the three openings were used for mounting liquid-
level sensors, and the third openin? was closed with a threaded plug.
According to Betts, the 1liquid-level sensors or other accessories are
typically secured to the cover by a locking nut on the undersfde of the
manhole cover, a bolted flinge, tapered pipe threads, or straight pipe
threads. Each manhole cover was seated on an aluminum collar that was
welded to the cargo tank, and secured by a bolt-tightened clamp ring.

The dome 1id for the PAF opening was spring-loaded and held fn place by
two hinged sieel safety latches. The dome 1id assembly for the PAF opening
serves as a pressure-actuated emergency vent with a venting capacity o
250,000 cubic feet of tree air psr hour at a pressure of & psig. To vent,
the 11d for the PAF opening 1ifts slightly acainst the force of the spring

¢ the vaper return system on the corgo tenk (s connectad 10 o pipeline
that discharges inte the vepor space of ths lveding terninel'’'s storage tank
for the product befng treansferred, The displaced vepors from the tank Aiing
tosded are thereby directed tn the tonk baing eaptied, vtother than discharged
to the ataosphere.




Figure §.--Configuration of the sanhole covers (i),
vants (V), and rollover rails (R) on the top

of a cargo tank simflar to the cargo tank
o involved in the accidant,




Figure 6.--Schematic of manhole covar.
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that normally keeps the 1id seated; this breaks the vapor-tight seal and
relieves the {nternal tank pressure. When the force of the spring on the
1id oxceeds that caused by internal pressure, the dome Hd reseats. The
latghes are designed to prevent the PAF 1id from opening and releasing
product .

Betts stated that it hydrostatically tests manhole covers to 36 psig in
accordance with Truck Trailer Manufacturers Association (TTMA) Recommended
Practice No. 61 (RP-61).7 When a cover is tested, all openings are plu?ged
shut and the 10-inch PAF vent is blocked shut. No accessories are in place
during the test. Betts adopted RP-61 in May 1988, and as of May 1991 has not
had any cover fail the 36 psig standard. Betts stated that the 1.quid-leve;
sensors and other accessorfes are normally installed by the tank
manufacturer,

The vent opening to each compartment for the vapor return system was
enclosed by a 9 1/2-inch diameter aluminum vapor hood. A 3 1/2-inch diameter
hose connected each vapor hood to the right-side rollover rafl. The cavity
created by the double-leg rai) (described in the following paragraph) and the
shell‘l of the cargo tank was part of the vapor return system for the cargo
tank.

ection.--For overturn protection, the cargo tank had two
aluminum rafls that extended the entire length of the tank and transverse
dams at the front and rear of the tank (see fig. 5). Ffach rail was a

double-leg configured as an tnverted *¥* and protruding vertically from the
exterior of the tank shell. The vertical clearances between the top of the
rollover rails and the top of the vapor hood and the different devices
mounted on the manhole cover were measured on a similar cargo tank, and
ranged from 4 1/4 inches for the manhole cover to 5/8 inch for an electronic
1quid-leve) sensor mounted on the manhole cover.

- and .--Calzona employs a director of maintenance
at a central maintenance facility in Phoenix, Arizona. Most repairs and
servicing are done at Calzona’s terminal maintenance facilities, although
some repair and servicing work is done at dealer factlities. Major repair
items, such as an engine overhaul or transmission repair, ars done at dealer
or other professional facilit{es.

Under Calzona’s preventative maintenance schedule for its tractors and
other power units, servicing of different {items on the power units f{s
conducted at intervals of 5,000, 15,000, or 60,000 miles. For example,
brakes are adjusted every 5,000 miles, the ofl and filter are changed every
15,000 miles, and the cooling system is pressure-tested every 60,000 miles.
Trailers are com letely serviced every 60 days. Brake adjustment is usually
done on a weekly or semimonthly basis for those trafiers equipped with
dutomatic slack adjusters.,

? Ad¢  onel tnformation sbout RP-4% {9 given In the section *"Industey-
Recommended Proctices.®
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Maintenance records on the tractor and semitrailer dating back to the
time of their delivery in June 1989 findicated, with one exception, normal
ssrvicing of the brakes, steering, suspension, and tires., On May 11, 1990,
Culzona replaced the single-lear’ springs on the semitrailer with "four leaf"
spring assemblies provided by Fruehauf because of faillures with the single-
leaf springs. The drivers’ pre- and post-trip inspection reports for both
the tractor and the semitrailer from January 1 to February 12, 1991, did not
identify any operational probiems with the vehicles.

A visual inspection of the cargo tank and 1ts compartments, required by
D01, wias last conducted on June 14, 1990, by Calzona maintenance personnel.
Inspection 1tems included each cargo compartment, manhole cover, manhole lock
and gasket, areas of corrosion, dents, welds, piping, valves, and flange
connections. No deficiencies were noted.

Cil2ona’s records of scheduled preventive maintenance inspections that
were conducted in October, November, and December 1990 and in January 1991
did not note any deficiencies or indicate that any repairs were made to the
tank, the manhole covers, the vapor recovery system, or the leoading and
discharge system.

Postaccident Inspection.--Because the tractor, semitrailer, and the
cargo tank were completely destroyed in the fire, postaccident inspection of
the tractor and the cargo tank semitrailer was limited (fig. 7).

On the tractor, a partial examination of the transmission, steering,
brake system, and suspension was conducted. The steering wheel and shaft
were separated from the gear box. The pitman arm and other linkages moved
when the input shatt to the steering gearbox was rotated. Because of fire
damage, it could not be determined whether tne brakes were within the
adjustment limits recommended by DOT. All of the spring brake air cans® were
destroyed in the fire and the springs were displaced. All of the brake
VTinings neasured between 3/8 and 11/16 inch, According to i{nspection
:}:n?arﬂs set by the DOV, the minimum thickness for a truck brake lining is

nch.

No cracks or othe: deofects were observed in any of the leaf spring
assemblies for the axles on the tractor and the semitrailer. The tractor
steering axle springs were lcose; the rebound pads and spacers that properly
position the springs, however, were made of aluminum and were destroyed
during the fire,

The tires on the tractor and the semitrafler were destroyed in the fire.
The steel belts from the tires were observed on the tire rims on the tractor
and semitrailer (see fig. 7).

Most of the shell of the cargo tank had melted. A portion of the rear
head and the adjoining tank shell were intact. Small sections of the shell
from the bottom of the tank were also fntact.

8 Pro.ective enclosures for the breke springs.
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The manhole covers for all four cargo compartments and the vapor
recovery fittings from the top of the tank were recovered from the accident
site. The two safety latches for the 1id to the PAF opening on one manhole
cover were found in the open position. This cover was embedded in molten
metal, and the aluminum }id for the PAF opening and the two sensors were
missing. Oeformation and warping of the manhole cover were 2lso noted when
the manhole cover was viewed from the side. The safety latches for the lids
to the PAF openings on each of the other three manhole covers were closed.

Roadway Information

and Rescription.--Fair Oaks Bivd. is a Sacramento County road
that runs east-west and at the accident curve turns north-south. The
accfdent site was in a residential nefghborhood with strip commercial
development to the east and north of the intersection with Oak Ave. The
singte-family dwellings, apartment buildings, and commercial buildings were
sat back from the street 20-60 feet.

In the ares. of the accident, Fair Oaks Blvd. was five lanes: two lanes
fn each direc:fon with a single, two-way left-turn lane in the center
(fig. 8). The lane widths varied from 11 to 12 feet, and the paved shoulder
widths varied from 3 to 6 feet. The intersection at Oak Ave. was in a 500-
foot radius horizontal curve® to the left for eastbound traffic with an
advisory speed of 35 mph. The posted speed limit on Fair Oaks Blvd. was
40 mph. On the approach to the accident site, there was a regulatory 40-mph
speed sign about 1,570 feet in advance of the accident site, a curve warning
sign with a 35-mph advisory speed sign about 780 feet in advance, and a turn-
warning sign with a 35-mph advisory speed sign 350 feet in advance.

Fair Oaks Blvd. was built on slightly rolling terrain. In advance of
the 500-foot radius curve was a 450-foot crest vertical curve (hill) and then
a 350-foot-long sag vertical curve (dip). The construction plans indicate
that the approach to the accident site was level followed by a +2.48-percent
grade for about 350 feet, and then a -2.59-percent grade to the accident
site. The construction plans also indicate that the «curve had a
superelevation of 4 percent. The measured grade and superelevation where the
truck overturned were, respectively, -2.83 percent and 3.72 percent.

There was no roadway 1ighting on Fair Oaks Blvd. from Hillcrest Ave. to
Oak Ave. The pavement markings, raised pavement markers, and signs were
observed at night and were four* to provide adequate delineation and sign
message visibility. A side street signal flasher that was located at the
northeastern corner of the intersectfon with Oak Ave., flashed a warning
yellow for the traffic going each direction on Fair Oaks Blvd. The device
was activated by the presence of traffic on Oak Ave. The stop sign located
at the intersection for traffic on Oak Ave. was hit by the vehicle, and the
sign post was broken in two. There were no quard rails or other

? The curve of the radius is messured to the centear Line of the rosdvay.
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obstructions at the fntersection with Qak Avenue or in the path of the
overturned truck.

A drainage ditch extended along Fair Oaks Blvd. on the east side of the
road at an angle of 30 degrees. The 140-foot-long dirt ditch was 9 feet wide
at the top of the embankment and 27 to 36 inches deep. The drainage ditch
emptied finto a drain pipe that extended beneath Fair Qaks Blvd. in a
northeasterly direction. On the west side of Fair Oaks Blvd. the drain pipe
emptied into an open ditch that extended west behind the residences at 5827
and 5821 Twin Gardens Drive.

Acciden ry and Traffic S .--Data prepared by Sacramento
County indicate that 1in the vicinity of the {intersection there were
20 accidents from 1988 through 1990. Of this number, 9 accidents were
single-vehicle accidents, and 10 involved two vehicles that collided at right
angles, during a line change, or in the appreoach for a left turn. The
remaining accident involved a car striking a pedestrian or bicycle. None of
the accidents 1involved a tank truck that was comparable to the accident
vehicle. According to a Sacramento County traffic engineer, the accident
history of this intersection cannot be compared to that of other
fntersections within the county because no other intersections have
sufficient similarity to make a meaningful comparison.

According to the most recent traffic count taken on February 21, 1989,
the traffic volume over a 24-hour period for southbound traffic on Fair Oaks
Bivd. was 11,344 vehicles. A peak hourly volume of 1,371 vehicles occurred
between 6 and 7 a.m., compared to 46 vehicles between 3 and 4 a.m. For the
northbound direction, the volume over 24 hours was 12,658 vehicles. A peak
of 1,321 vehicles occurred between 4 and 5 p.m. compared to 14 vehicles
between 3 and 4 a.m.

Radar speed surveys tonducted in May and June 1987 on Fair Oaks Blvd. at
a location just south of E) Camino Ave. indicate that the 85th percentile was
45 mph for the southbound divection and 49 mph for the northbound direction.
The average speed was 40 mph for the southbound direction, and 43 mph for the
northbound direction.

Physical Evidence.--The CHP documented the location and type of marks
and scrapes on the roadway, including the tire marks. From these marks, the
CHP developed an accident dynamics dfagram (see fig. 8) that depicts the path
and orientation of the tank truck from the point the rollover began to its
location at final rest. According to the dynamics diagram, the top of the
cargo tank was atgroximately aligned with the drainage ditch when the vehicle
struck the embankment of the ditch. The dynamics diagram also indicates that

the final location of the cargo tank was at an angle to the dftch, with the
front-end of the tank on the embankment and the rear-end of the cargo tank
between 10 and 20 feet east of the embankment.

There were about 400 feet of marks on the pavement and dirt of the
accident site. Tire marks in the outside traffic lane started about 150 feet
into the horfzontal curve to the Veft (see fig. 8). The marks, which were
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smooth and continuous, and not irregular, extended for about 300 feet and led
into about 110 feet of scrape and gouge marks on the pavement and dirt to the
position of final rest. A radius of 444 feet for the curved tire marks was
calculated from the dynamics diagram.

Currier Information

General.--Calzona Tankways, Inc., 1s an fnterstate contract carrier that
has been in business since 1985, Although Calzoni has the authority to
operate in the 48 contiguous States, the company currently transports
hazardous 1iquids, primarily gasoline and diesel oil, in Arizona, California,
Nevada, New Mexico, and Oregon. The company was most recently audited by the
001;3 Office of Motor Carrier Safety in 1985 and was given 2 *satisfactory”
rating.

Calzona’s operation is divided into 3 regions and 18 terminals or Lases
of operation. The company employs a vice president of safety at the
headquarters office in Phoenix and one director of safety for each of the
three regions.

The company operates 138 power units: 106 truck tractors and

32 straight trucks with the cargo tanks nounted. The truck tractors have an

averige age of 2 years, and the straight trucks 4 1/2 years. Calzona also

owns 161 trailers which have an average age of 4 years, and 89 of them are

;9?8 or newer models. Calzona has a total of 360 employees, 320 of whom are
rivers.

Culzona incurred 0.55 accidents per million miles traveled for 1990 and
0.75 accidents per million miles for the 3 years preceding this accident.
Calzona findicated that the accident rate for 1990 was based on 15 million

miles traveled, which corresponds to about eight accidents. Calzona also
indicated that the accidents included in the accident rate computation are
"on-the-road® accidents in which property damage or injuries were {ncurred
when the vehicle is in motion. The “on-the-road” accidents may or may not
have met the DOT’s criteria for a reportadle accident.'® Duriag the 3 years

preceding this accident, Calzona has had a total of eight DOT-reportable

accidents.

The FHWA has indicated to Safety Board staff that the agency does not
routinely compute the nuaber of reportadle accidents per miles driven by
motor carriers because this ratio does not account for (1) the variation of
driving conditions such as type of roadway, terrain, &nd regional traffic
volumes; and (2) the tendency of smaller carriers to fail to report accidents
to the FHWA. Nevertheless, the director of FHWA's Office of Motor Carrier

10 , reportable actlident asans an eccurrence involving & commerciel
sotor vehicle engaged in the intarstate, forelign , or intrastate operation of
o motde carrier who s subject to the Department of Transportation Act
resulting in death or bodily injury, and preoperty damage of $4,400 or wmore
€49 CFrRr 394.3).
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Information Management and Analysis verbally indicated that a recent review
of 100,000 records found that the reportable accident rate for motor carriers
transporting hazardous materials was about 0.74 reportable accidents per
million miles traveled.

ini .--According to Calzoma’s
policy, all new drivers must be at least 25 years of age and have 2 years’
experience driving tank trucks transporting 1liquids in bulk. However,
Calzona’s vice president of safety indicated that, beceuse of driver
retention problems, the company has recruited drivers from truck driving
schools; these drivers have lass than 2 years’ experience driving tank
trucks. Prospective drivers must have no record of serfous traffic
violations (driving under the influence of alcohol or drugs, involuntary
manslaughter, hit and run, or reckless driving) within the past 3 years and
no more than three traffic convictions for lesser offenses {in the past
3 years. Prospective drivers must meet all State and Federal requirements.

Calzona implemented a 10-day training program in 1989 to train newly
hired drivers about the safe handling and transportation operation of
hazardous liquids and to familiarize drivers with the procedures unique to
the carrier and its customers. Each terminal has a designated "driver
trainer,” who is an experienced, regular company Griver and is responsible
for training all new drivers at that terminal.

The training program {s organized into seven modules that cover Federal
and State regulations ?overning hazardous materials in vehicle and container
operations, pre-trip {inspections, loading and unloading, specidl vehicle
handling characteristics, documentation and placarding of hazardous materials
cargoes, driving and parking rules, and defensive and emergency incident
procedures.

The primary methods of {instruction include the use of training aids,
mock loading/delivery equipment, and visual atds (films and videotapes): the
performance of repetitive tasks; and behind-the-wheel «xercises.

Instruction about vehicle stability is provided by means of s 30-minute
video on truck rollover and handiing techniques. The video demonsirates
conditions that can lead to a rollover and the situations that a driver
should avoid to prevent rollover. The instructor is responsible for teaching
new drivers about the specfal handling characteristics of a cargo tank
combination vehicle, vehicle instability, high center of gravity, surge of
the 1iquid load, the effect of curves on stability, the effect of braking on
stability, the effect of speed on vehicle control, dangers with evasive or
sudden maneuvers, dangers with curves on off-ramps, differences in stabilit
among various confi?untions of compartment tanks, and the effects of partia
loads on basic stability.

At the end of each day’s training, the finstructor is to write an
evaluation of the new driver’s performince for the terminal manager. At the
end of the training program, each new driver is given 3 written test on the
information in the seven modules. The test, however, does not specifically
address the driver’s knowledge of rollovar. The test, which consists of &0
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true/false questions, s corrected aid reviewed with the new driver. If the
terminal manager s not satisfied with a driver’s level of knowledge, the
vice president of safely is to be called to discuss the problem. When the
termina) manijer s satisfied that a new driver understands the retecrial and
can parform the Job 1ndependent1‘y, the terminal manager is to coalete an
evaluation form for the driver’s file.

Oriver performance is also measured through observational techniques on
practice operational runs. A driver is required to correctly perforn all of
the duties of a delivery, fncluding loading/unloading the product and
handling of the documentation.

The driver in this accident completed Calzona’s tnining grogran on
July 25, 1990, according to Calzona’s letter dated July 30, 1990, 1in the
driver’'s file. Although Calzona's procedures required that instructors
submit daily evaluations of new drivers and that new drivers pass a written
examination, Calzona had no records of the evaluations and test results for
the driver. A check of the training records for other drivers 21so indicated
incomplete documentation. According to the responses to written questions
submitted by the Safety Board, the driver involved in the Carmichael accident
}ndiczt:d that he did not receive any training about rollovers and overturns
rom Calzona.

According to Calzona, since the accident, it has advised terminal
managers that failure to comply with company safety policies could result in
discharge of the managers. Calzona is also reviewing its Driver Treining
Manual and updating it as necessiry. After the accident, the company’s
training program became a mandatory 2-week period for all new drivers, and
will be extended to a 3rd week if the regional director of safety determines
it is nocessary. The director of safety will also ride with and evaluate
aach new driver after the driver's first 30 days of employment.

Calzona also indicated that at the time of the accident recurrent
training was provided to experienced drivers on an "ss-needed” basis,
normally following a minor accident or violation of safety procedures. In
such cases, the driver would be required to review an appropriate trainin?
film and then discuss the accident or safety violation with the termina

manager.  Since the accident, Calzona now requires that either the terminal
manager, a driver-instructor, or the regional director of safety ride with
each driver annually to evaluate the driver’s performance. The company is
:ls: |:plmntlng a training and certification program for the driver
nstructors.

Inspection and Loading Procedures.--Drivers are to conduct a l4-step
inspection at the end of each workday that complies with 49 CFR 396.11.
ftems to be {inspocted include the brakes, steering, Ilights, air and
electrical connections, windshield, fuel tanks, frame bends and cracks,
wheels, rims, tires, suspension, fifth wheel, landing gear, and cargo
securement. At the time of the accident, Calzona did not have a specific
policy regarding the inspection of manhole covers on the top of the cargo
tank. As a precautionary measure since the accident, Calzona has added
manhole covers to the items to be checked in the {nspection.
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According to Calzona, all 1loading fs accomplished through bottom
{it:mgs and is never done through the manhole openings on the top of the
ank.

Safety Prograw.--Since January 1986, Calzona has scheduled monthly or
semimonthly safety meetings at each terminal. The driver attended a safety
meting on February 12, the day before the accidant. According to the
company, Calzona wants drivers to recognize the value of the safety meetings;
drivers are not required to attend. The company may, however, withhold @
driver’s annual bonus if the driver regularly fails to attend the safety
meatings. Calzona’s vice president of safety also indicated that terminal
managers will call in those drivers who have failed to attend the safety
metings to discuss the safety topics covered.

According to the company, each terminal has 12 to 15 training videos and
the equipment to view them. Videos are shown at sifety wmeetings, and others
are shown as part of Calzona’s driver qualification program. ODrivers may
also take videos home for viewing. The vice president of safety stated that
the company will pay the drivers to view the films. For the drivers based in
San Jose and Sacramento, wheare Calzona does not have terminals, the raegional
d:reti:tor of safety will meat with these drivers and bring the videos for
viewing.

Calzona also distributes weekly flyers and monthly letters to the
drivers as reminders of safety practices such as defensive driving.

Driver Information

[n]bpxym.--me driver, a 35-year-0ld male, was hired by Calzoma in
JM{ 1990. Since that time, the driver exclusively drove a tractor-cargo
tank semitrafler combination similar to the accident vehicle. The driver
initially was based at Calzona’s terminal in Stockton, California, and was
then based at the ARCO refinery in West Sacramento. The driver made only
intrastate deliveries (within Califorafa). The driver hzd not been
praviously employed as a tank truck driver.

From July 1988 to June 1990, the driver was employed as a rolief driver
for a courier company in Sacramento. As a relief driver, he used Mis
personal car to make deliveries for local businesses. Between October 1983
end July 1986 the driver was employed as a fleet captain for Movers World Van
Lines in Phoenix, Arizona. His responsibilities included driving moving vans
and operating forklifts. From June 1982 to October 1983, he drove small
trucks to deliver freight.

Iraining.--In addition to completing Calzona’'s training program in July
1990, the driver completed, in June 1990, a 13-week, 330-hour course for
entry-level drivers at the Truck Driving Academy in Sacramento. The academy,
which opened in 1985, {s accredited by the National Association of Trade and




Technica) Schools, and {fts curriculum was accredited by the Profussional
Truck Orivers Institute of America'' as of October 22, 1989.

The course was designed to train drivers for the Class A commercial
driver’s license, The course used a combination of classroom 1instruction
and hands-on driving. Training films and videotapes were also shown to
supplement the classrcom tnstruction. Of the total course of {instruction
provided to the drivers, 9 classrcom hours addressed jackknifing and
rollover, and 10 hours addressed the transportation of hazardous materials,
Student performance wis measured by written oxamination on classroom material
and by instructor observation of driver tusks performed in the field. There
was no testing, however, on the instruction on rollover. Students had to
score an average of 70 percent of the total available points to piss.
According to the driver’s records, he scored 91 percent, which put his
performance in the "excellent® category.

Records.--At the time of the accident, the drivar
held a California Class A commercial driver’'s license that was issued on
October 18, 1990. The driver had previously been issued a temporary Class A
1icense on June 21, 1990. The driver also held endorsements for operating
ta:k iti;UCkS, double and triple traflers, and for transporting hazardous
materfals.

Culifornia’s Department of Motor Vehicles adopted the Federal Commercial
Drivers License (CDL) program in January 1983. The program was established
by the Federal Highway inistration (FHWA) of the DOT as a result of the
Commarcial Motor Vehicle Safety Act of 1986. Title ¢9 Part 383 of the Code
of Ffederal Regulations (CFR)} requires that drivers demonstrate that the
possess the knowledge, driving skills, and requirements to operate commercia
motor vehicles. The regulations also require that drivers pass road and
written tasts to obtain endorsements on the licens: for the operation of
double/triple trailers, tank vehicles, and passcnger-carrying vehicles, and
for the transportation of hazardous materfals. Under 49 CFR 383, individual
States may fissue these endorsements and develop knowledge tests based on
Federal standards. Proficiency in general driving and handling skills must
also be demonstrated to receive the endorsements. All drivers, interstate
and {intrastate, of commercial motor vehicles are required to pass, by
April 1, 1992, the appropriate knowledge and skills tests, including a road
test in the type of vehicle that a driver expects to operate.

Under 49 CFR 383.115 and 383.119, which address rollover knowledje, a
driver must demonstrate knowledge of (1) handling and stability
characteristics including off-tracking, response to steering, sensory
feedback, brakirg, oscillatory sway, rollover in steady turns, and yaw
stability in steady turns; (2) differences in cargo surge for 1iquids of
varying product densities; and (3) effects of road grade and curvature on
motor vehicle handiing with filled, half-filled, and empty tanks.

LA national, nonprofit orgeanizetion aeponsored by the 1trucking
industey for the purpose of asdvanting truck driver training, proficiency,
sefety, and professionalisem.




California’s written tests for endorsements for double/triple trailers and
tank vehicles contatn questfons on stability, surge, and rallover.

The California Departwent of Motor Vehicles reported it had no record of
departmental actfons, convictions, failures to appear, or accidents for the
driver as of February 15, 1991. A 50-State driver’s record check did not
identify any violatfons. On July G, 1991, the CHP cited the driver for
aperation of the tank truck at an unsafe speed.

mtﬂml_ug*_m.--ncording to an interview with the CHP, the driver
stated that he usually worked 6 days and then had 3 days off. MHe had worked
the night shift, starting at 6 'p.l.. since his employment with Calzona. He
stated that he made as many as five deliveries in the Sacramento areu before
finishing his deliveries, usually about 4 a.m, Upon Finishing his
deliveries, he would go home tnd go to hed about 7 a.m. He stated that after
5 to 6 hours of sleep, he got up and ate before reporting to work; on the day
of the accident and until the accident occurred, his activities did not
deviate from his normal routine. Also, the driver indicated to the CHP that
on his days off he normally went to bed between 3 and 4 a.m. snd slept until
noon.

Although the driver’s trip report and daily log for the accident shift
were destroyed in the fire, the driver’s work activities prior to the
ascident were reconstructed from past dills of lading and trip reports. |In
the week prior to the accident, the driver worked his regular shift and made
four deliveries on February 6. The driver was scheduled to be off duty on

February 7 through February 10; however, he made one delivery on February 7,
and two deliveries on February 9. During his normal shift on February 11,
he made five deliveries and drove 268 miles. For his shift on February 12,
he was scheduled to make four deliveries. He had completed three delivertiss
snd had driven about 266 miles when the accident occurred en route to the
final delivery.

Before his shift, the driver had eaten chicken and dusglings and later
had a peanut butter and honey sandwich. During the shift he had eaten popcorn
arnd had drunk coffee.

According to the driver’'s former supervisors ind acquaintances, he was
considered to be punctual, relfable, intelligent, and calm under pressure.
None of those interviewed knew of any drug or alcohol problems with the
driver. The driver stated to the CHP that because he had fallen behind with
his bills, he had enrolled in & consumer credit program but was nat
pmocgugigd with his finances. The driver was not marvied and did not have a
second job.

Medical Factors.--The driver passed two physical examinations in 1990.
The first examination on April 4, 1990, was to fulfill the DOT requirements
of 49 CFR 391.41 through 391.49 for his commercial license. He also had a
pre-employment examination in July 1990. No special findings or problems
were noted during either examination, no wedications were prescribed, and no
long-term {1Inesses or conditions were fdentified. Accord!ng to tha
pre-employment physical taken to meet DOT requirements, the driver had normal




viston, did not need corrective lenses, had normal color vision, normal
horizontal fiold vision, and showed no evidence of disease or iInjury in
either eye. He was also found to have normal hearing.

The rasults of the emergency room examination after the accident also
indicated that thers were no long-term health problems that existed before
the accident, nor were there health problems caused by the accident. The
attending physician’s report stated that the driver was alert, oriented, and
did not appear to be intoxicated.

Texicological Information

Postaccident Testing.--When CHP officers arrived on the accident scene,
they did not request that the driver submit a specimen for toxicological
tests. According to the CHP officers, they did not have reasonable cause to
require that the driver provide a specimen because he appeared coherent,
alert, and did not smell of alcohol. When the driver was taken to the
American River Hospital for treatment of minor injuries, no blood or urine
specimens were taken by hospital staff to perform any diagnostic taests.

A Safety Board investigator contacted Calzona officials on the morning
of February 13, after the accident, and requested that Calzona have the
driver provide blood and urine samples. Calzona advised the {investigator
later in the day that the driver, upon the advice of his legal counsel,
refused to provide blood and urine samples ror toxicological testing.

uuﬁr__mg__ummg_gmr?g.--nlzona's dru? testing program was
implemented in a series of policy letters issued to all employees between May
1687 and March 1990. According to Calzona’s policy, all employees are
subject to cubstance testing following an accident that results in property
damage or a casualty. Further, under a category of ‘"reasonable cause
testing,” drivers and mechanics are to be tested “anytime™ an
incident/accident occurs in which alcohol or drug use "would have been 4
contributing factor."®

Company written policy states that alcohol and drug testing are to
couﬁly with ?plicabla DOT standards found in 49 CFR Parts 391 and 39/ and
with State and local laws. Calzona’s written policfes stite that the company
also has provisions to conduct tests for alcohol as part of the coupany’s
testing program. Drivers who fatl a drug test cin be torminated if deemed
nocossz:{ by the company. Calzona’s policies, however, (o not address what
occurs when a driver refuses to submit to a drug or alcohul test. Accordin
to Calzona’s terminal manager in Stockton, all new drivers attend a course o
instruction on awareness of drug abuse in the workplace aad the effects of
drug abuse. The terminal manager stated that Calzona’s drug testing policies
are explained as part of this i{nstruction. Upon completion of the
fnstruction, Calzona requires each driver to sign and date a certificate
fndicating that the driver received the instructfon. A certificate for the
driver involved in this accident was signed and dated October 24, 1990.




In April 1991, after the accident, Calzona fissued a new operating
instruction to fts drivers and mechanics regarding alcohol and drug policies.
According to this operating instruction, any employee who tasts positive to a
drug or alcohol test or who refuses to submit to such a test will not be
allowed to work and is subject to immediate termination.

DOT _Requirements.--The FHWA regulatfons for controlled substance testing
are found in 49 CFR Part 391, Subpart H. This subpart prescribes mintmum
standards to detect and deter the use of marijuana, cocaine, opiates,
aaghetamines. and phencyclidine, but does not 1include alcohol. Under
Subpart H, the definition of drug specifically excludes alcohol.

Subpart H applies to ‘'motor carriers and persons® who operate a
comrercial motor vehicle in interstate commerce and who are subject to the
driver qualification requirements of 49 CFR Part 391. Subpart H was last
amended 1in 1988; tinterpretations and clarifications were issued in 1990.12
In the 1990 clarifications, FHWA stated that the drug testing program applied
to drivers who operate a commercial vehicle in “interstate commerce, {.e.,
the driver operates the vehicle across a stiate line, or in some cases, a
single-state movement which is the continuation of a through interstate
movement." The FHWA further stated in the notice that intrastate drivers
were not required to be tested under Subpart H. The FHWA also stated,
however, that it would {nvestigate the {nclusion of {ntrastate drivers in a
separate rulemaking.

Sections 49 CFR 391.113 and 391.115 address postaccident testing
requirements and procedures, respectively. Under the amendment for
postaccident testing, a driver {s required to provide a urine sample for
testing for the use of controlled substances as soon as possible after a
reportable accident but in no case later than 32 hours after the accident if
the driver of the commercial motor vehicle receives s citation for a moving
traffic violation arising from the accident.

In response to these amendments to the testing program, six lawsuits
challenging the authority of the testing program were filed in U.S. District
Courts in 1989 and were eventually consolidated by the Ninth Circuit Court of
Appeals wunder |Internationil Brotherhood  of Te; ]
Marehousewen and Helpers of America, et, al, v, 4.5, Department of

tion, No. 89-70165. MWith the filing of the first suit by the
Owner-Operators Independ. nt Drivers Association in the U.§. District Court
for Northern California, the court i{ssued a preliminary injunction on
January 6, 1989, enjoining the FHWA from implementing random and certain
mandatory postaccident testing. On Novembar 6, 1986, the FHMA {ssued a
notice'> to motor carriers that the agency :was deferring until further
notice implementation of random testing and mandatory postaccident testing

12 sederal Reglister, Vol. 53, No. 224, dated November 21, 1988, page
4T134; and federesl Register , Vol. 55, No. 22, dated February 1, 1990, pege 3546,

13 sederat Repister, vel., 54, wo. 213, datred noveaber 6, 1989, papge
46617,
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that was subject to the injunction. The FHWA stated in the notice, however,
that the agency would enforce “unenjoined post-accident testing permitted
under the terms of the preliminary injunction.” Such unenjoined testing was
defined as testing "when there is any reasonable suspicion of drug usage, or
reasonable cause to believe a driver has been operating a vehicle while under
the influence of drugs, or reasonable cause to believe the driver was at
fault in the accident and drug usage may have been a factor.®

In April 1991, the Ninth Circuit Court of Appeals ruled that FHWA's
random, biennial, pre-employment, and postaccident drug testing regulations
were constitutional. The FHWA published a notice'® on August 16, 1991, that
reestablishes the requirements for postaccident toxicological testing in
reportable interstate accidents. Interstate carriers that employed 50 or
more drivers as of December 1989, who were subject to testing, must implement
programs for random and postaccident testing by November 14, 1991. All other
interstate carriers must implement their programs by Januvary 1, 1992.

State Requirements.--Under Section 23157, Division 11, of the Californta
Motor Vehicle Code, any person who drives a motor vehicle is deemed by the
State to have given his or her consent to chemical testin? of the driver’s
breath, blood, or urine for alcohol and drug content if the driver fs
arrested for driving under the influence of drugs or alcohol. The testing
shall be incidental to a lawful arrest and when ordered by a law enforcement
officer who has reasonable cause to believc the person was driving under the
influence of drugs or alcohol. <California does not have mandatory provistons
for postaccident toxicological testing of blood or urine of a driver for a
commercial motor carrier.

Hazardous Materfals Information

At the time of the accident, the cargo tank contained 8,800 gallons of
automotive gasoline which is classified as a “flammable 1iquid® under the
DOT’s Hazardous Materfals Regulations found in 49 CFR Parts 171 through 180.
The gasoline had a flash point of -45 OF, flammable limits of 1.3 to
8.2 percent by volume fn air, and a vapor pressure of 8 to 15 psfa at 100 Of,
According to ARCO's Material Safety Data Sheet for the gasoline, vapors can
"burn in the open or explode in confined spaces,” and may travel "long
gisiances along the ground bufore reaching a point of ignition and flashing
ack.’

Cargo Tank Standards

State of C ,--At the time of the accident, the vehicle was
involved with the intrastate transportation of a hazardous material within
the State of Californfa. State regulations governing the transportation of

14 pederet Reglister, Vol., 54, No. 159, deted August 14, 1991, page
40308,




hazardous materials are found in Title 13, California Code of Regulations
(CCR), Article 3.

Section 1160.2(a) of Article 3 incorporates by reference portions of the
DOT’s Hazardous Materfals Regulations "to the extent specified.® This
section further stipulates that unless otherwise specified, all references to
Title 49 CFR in Article 3 are those DOT regulations that were in effect on
October 1, 1988. Exceptions to the DOV regulations are made for certain
tanks transporting anhydrous ammonfas, tanks that provide an "alternate method
of compliance,” or tanks that are operating uunder a special permit or
exemption issued by DOT.

Section 1164 of the CCR requires (1) that loading and securement of the
load comply with 49 CFR Part 177, Subparts B (Loading and Unloading) and €
(Se?regation and Separation Chart of Hazardous Materials); (2) that valves
shall be tightly closed; and (3) that manhole covers shall be secured on
cargo or portable tanks whether loaded or containing residue.

Federal Regulations.--Under the DOT’s Hazardous Materfals Regulations
that were in effect on October 1, 1988, DOT specification MC 306 cargo tanks
were“authorized containers for the highway transportation of automotive
gasolinc.

General design and construction standards for DOT specification MC 306
cargo tanks were provided in 49 CFR Part 178. Sectfon 178.341-3 required the
manhole and fill-opening covers for each compartment of a cargo tank to be
designed and constructed to withstand internal fluid pressures of 9 psi
without permarent deformation. During testing of the manhole and fid
covers, the safety devices to prevent covers from venting were required.
There were no requirements to test the manhole covers with devices such as
the liquid-level sensors mounted on the manhole cover, or to test the
Viquid-leve) sensors independently.

Revision of Federal Carqo Tank Standards.--In June 1989, the Research
and Special Programs Administration (RSPA) of the DOT amended the regulations
pertaining to the design, manufacture, operation, and maintenance of all DOT
specification highway cargo tanks.'®* RSPA noted in the preamble published
with the final rules that the amendments fundamentally changed the design and
construction for new bulk 1liquid cargo tanks. Bulk li?uid cargo tanks
constructed under the new rules will be designated as specification DOT 406,
DOT 407, and DOT 412 and will replace the existing MC 306, MC 307, and MC 312
cargo tank specifications. Consequently, the design and construction
standards for the MC 306, 307 and 312 cargo tanks were superseded by the 1989
amendments. In response to petitfons for reconsideration filed as a result
of the June 1989 amendments, RSPA published a subsequent final rule in
September 1990'¢ to address these petitions for reconsideration. The 1990

15 federst Register, Vol., 54, No. 113, deted June 12, 1989, pege 24982,

16 Federal Repister, vol., 35, No, 174, dated Septeadber 7, 1990, psge
37028,




amendments delayed the effective date of the 1989 amendments, which establish
standards for the new DOT 400 serfes cargo tanks, and all subsequent
amendments until December 31, 1990. Further, the 1990 amendments, under
Section 49 CFR 180.405, provide a transition period during which the
continued construction of new MC 306, 307, and 312 cargo tanks {s authorized
between December 31, 1990, and August 31, 1993; these newly constructed tanks
must meet the specifications for the MC 306, 307, and 312 cargo tanks that
were in effect just prior to the effective date of the 1989 amendments.

The 1989 amendments included design standards for manhole covers for
specification DOT 406, 407 and 412 cargo tanks. Under 49 CFR 178.345-5, each
manhole cover must be: (1) capable of withstanding, without leakage or
permanent deformation that would affect its structural integrity, a static
internal fluid pressure of at Jeast 36 psig, or cargo tank pressure,
whichever {s greater; (2) fitted with a safety device that prevents the cover
from opening fully when internal pressure is present; and (3) secured with
fastenings that will prevent opening of the covers as a result of vibration
under normal transportation or shock impact during a rollover accident on the
roadway when the fill1 cover is not struck by a substantial obstacle. This
section requires that vents on the manhole cover must be blocked when the
manhole cover s tested. There is no requirement, however, that manhole
covers be tested with accessory devices installed, or that any accessory
devices meet any testing standard.

Under these new re?ulations. manhole covers on all MC 306, 307, 312 and
older MC series bulk liquid cargo tanks'’ must be upgraded to meet the

36 psig standard by August 31, 1995. Under 49 CFR 180.405(g), owners of any
MC series bulk liquid cargo tank must equip their cargo tanks with manhole
covers that conform with 49 CFR 178.345-5.

Industry-Recommended Practices.--Truck Trailer Manufacturers Association
;ITHA) Recommended Practice No. 61 (RP-61) is intended to serve as 2a guide
or the design, construction, and testing of manhole and fill-opening covers
installed on DOT specification MC 306 cargo tanks. Under RP-61, a manhole
cover must withstand a2 minimum pressure of 36 psig with venting devices
blocked. Any leakage "in excess of a drip, such as a steady stream, or
permanent deformation that would affect the product retention capability of
the manhole and/or i1l assembly [cover] shall constitute a failure."”

According to RP-61, 1 manhole cover per 100 produced is to be tested,
and not less than 1 manhole or fill-opening cover must be tested per quarter
of the year during production. If the manhole or fill cover fafls, five more
covers must be tested. If one of these covers fails, then all covers in the
lot from which the tested covers were selected must be tested and pass, or
otherwise be rejected for service.

7 ue 300, 301, 302, 303, end 305 cergo tanks were the precursors of
the NC 306 tanks. NC 310 end 311 cargo tanks were the precursors of the NC
312. Altthough tanks of these specifications are no tonger produced, msny may
stilt be tn hazerdous ssterials service.




The TIMA selected the design pressure of 36 psig upon review of the
rollover studies conducted by the University of Michigan Highway Safety
Research Institute and Dynamic Science, Inc., which were completed in the
early 1980s. The TIMA stated that 36 psig was selected because these studies
showed that significant pressure pulses between 13 and 27 psig were measured
during the rollover tests.

Although TTMA acknowledged that RP-61 uses a static load rather than
dynamic forces, TTMA contends that a static pressure test is a more severe
test than a dynamic pressure test when the dynamic pressure does not exceed
the static pressure test value.

TIMA stated that RP-6] prescribes a test for the structural strength of
the manhole cover and not for the integrity of the components installed in
the manhole cover. According to TTMA, the manufacturer of the manhole cover
only tests the cover as it s sold because the manufacturer has no control
over the components that may later be installed in the cover.

Other Information

.--On May 11, 1976, a tractor-cargo tank semitrajler
transporting a partial load of anhydrous ammonia overturned in Houston,
Texas. During the crash, the cargo tank ruptured and the ammonia escaped.
In 1its 1{investigation of the accident, the Safety Board determined that
excessive speed of the vehicle combined with the Yateral surge of the 1iquid
cargo in the tank caused the overturn. The Safety B8oard consequently
recommended (Safety Recommendation H-??-GL that the Bureau of Motor Carrier

u

Safety of the FHEWA issue an "On-Guard" bulletin to warn drivers of cargo
tank trucks and of tractors hauling cargo tank semitrailers of the hazard of
cargo that can experience lateral surge, and to inform the drivers of the
correct operating procedures to use whenever the tank s partially loaded.
The FHWA satisfied the Safety Board’s recommendation by issuing an "On-Guard"
bulletin in June 1980 that warned drivers about shifting liquid in partially
loaded cargo tanks.

Cargo Tank Rollover Studies.--With the publicatfon of the Notice of
Proeosed Rulemaking (NPRM) to amend the regulations in Title 49 CFR for cargo
tanks!® (which led to the June 1989 amendment), RSPA cited research studies
that had been cunducted to evaluate the performance of bulk 1iquid cargo
tanks in accidents: one study was conducted by the University of Michigan’s
Highway Safety Research Institute under the sponsorship of the Department of
State Highways and Transportation for the Stite of Michigan!? and one was

18 pederat Register, Vvol. 50, No. 180, dated Septeamder V7, 1985, pege
37766. -

19 Ervin, R. D.; Hellikerjunarao, C.; Gillesnie, t. 0. 1080. future
conflouretion of tank vehlcles houling flammeble (tiquids In MHichigan,
UN-NSRI-00-73-1%, Lensing, NI s$tate of nichigan, Oeparteent of Stste
Highuays and Transportation, Stete Nighwsys Building, P.O0. BSox 30050,
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conducted by Dynamic Science, Inc., for the Bureau of Motor Carrter Safety in
ghe ;edern Highway Administration.2® These were the same studies reviewed
y the TTMA.

In the University of Michigan study, a series of four tests were
conducted in which standing stationary cargo tanks filled with water were
overturned onto a rigid surface. The pressures and rates of deceleration on
the manhole were measured. Deceleration rates of 15 g and peak deceleration
rates ranging from 20 g to 44 g were measured. The study predicted that the
worst condition expected for simple turnover onto a rigid pavement would
result in a 27 psig pressure pulse lasting about 50 milliseconds, with
2-millisecond pulses reaching as high as 60 psig. The study alsoc noted that
fiufd was sprayed out of the 3-psi vent of each mankole cover, creating a
highly diffused mist,

Dynamic Science, Inc., also conducted tests in which a vessel simulating
a cargo tank compartment was rolled over 90° or 180° from a standing
position. These tests also measured the forces and pressures on manhole
assemblies, €111 covers, and vents. Results from two series of tests
{ndicated that in a simulation of a 90° overturn, average peak pressures
against the manhole were 14.8 psig and 15.6 psig. The study included a
recomendation that manhole covers for MC 306 cargo tanks have the structural
ga[fnbﬂi:y to withstand ¢nterna) fluid pressures of 13 psig without permanent
eformation.

future Rollover Prevention Research.--In response to the Motor Carrier
Safety Act of 1984 (Public Law 998-554, Section 216), the Natfonal Highway

Traffic Safety Admintstration (NHTSA) ?ublished a study on heavy truck
(tractor-trailer combinations) safety.? The study, which recommends
research in several areas of heavy truck rollover prevention in the human
factors area, noted:

’ The core portion of the rollover research program would

be a carefully planned set of driver/vehicle experiments

:n w?ich maneuvering conditions approaching rollover are
nvolved.

Lansing, Nichigan 48909. 2 vel.

&0 Tyndal i, L. n.; Leananen, b. N.: Gsuthier, D. (Oynamic
science, Inc.). 1080. Cost-effective methods of reducing leakage occurring
in ovarturns of liquid-carcrying cargoe tanks--overturn integrity of RC-306-
type cargo tanks. DOT-FN-11-9494, “ashington, DC: U.S. Department of
Transportetion, Federal MNighwoy Adainistration, Buresu of Notor Carriler
Safery. 2 vol. Avaitable fromt setlionat Technicai Inforsation Service,
$28% Port Roysl Roed, Springfietld, VA 22161,

21 Neevy Truck Safety Study, Prepsred in Response to: Section 2%é:
P.L. 08-5%4 October 30, 1684, Motor Cerrier Safety Act of 1984 (007 x$ 807
109 Finasl Report), March 1987, p. 12¢4.
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One outcome of the planned research would be a better
definition of what the driver can and cannot be expected
to do in avoiding rollover.

Another outcome would be the i{dentification of those
vehicle properties which are instrumental in providin
beneficial feedback to the driver. Such feedbac
properties could be promoted in improved vehicle design
practice or, conceivably, {ncluded as a requirement in a
safety standard.

As of August 1991, NHTSA has not acted on the recommendations of this
study or commenced this research.

Patro]l.--The offices of the North
Sacramento Area and the Valley Division Investigative Services Unit of the
California Highway Patrol provided Safety Board {nvestigators with
photographs, copies of CHP intervicws with the driver and other witnesses,
documentation of the marks left on the pavement by the acclident vehicle, an
accident diagram, and other {important {nformation about this accident,
including the CHP’s final report of the accident.
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ANALYSIS

General

The design of the roadway was within the design standards--including
vertical and horfzontal alignment, grade, lane widths, and geometric
design--of the American Association of State Highway and Transportation
Officials (AASHTO0).22  According to FHWA-endorsed standards?® for the
dimension, size, color, height, lettering, and location of the regulatory and
advisory signs, the curve was properly marke¢ and adequate warning was
provided by signs and advisory speeds. The approach to the accident was
observed at night under similar 1lighting conditions and no visibility
problems were observed. The design, construction, and marking of the road
vere sufficient. The Safety Board, therefore, concludes that the roacway did
not contribute to this 2ccident.

There 15 no avidence to indicate that the mechanical conditiuon of tLhe
tractor and the cargo tank seaitrailer contributed to the accident. Because
of the severe damage to the tractor and semitrailer by fire, the scope of the
vehicle examination was limited. Nevertheless, examination of brikes,
susgension, and steering did not uncover any evidence of a mechanical
fatlure. Further, the maintenance and inspection records did not reveal any
type of mechanical problem that may have caused the overturn. Although the
driver belfeves that a tire failed, the tire marks on the roadway were not
consistent with a tire failure. A ruptured or blown tire would generate an

1rrt?u1cr or scalloped-pattern mark on the roadway. There was only cne set
of tire marks on the roadway--those aiong the cdga of the road in the outside
traffic lane. The tire marks were smooth and continuous; such marks are
consistent with marks that are made by an overlcaded tire resulting from a
weight shift of the cargo. Because the truck rolled over to the right, where
the smooth tire marks ended and scrapes andpgouges indicative of the truck

s1iding on the pavement began, the Safety Board concludes that overloading of
the tires on the right side of the truck, not a flat tive, led to the loss of
stability and rollover of the vehicle. The Safety Board therefore concludes
tha%d tqf mechanical condition of the vehicle was not a factor in the
accident.

Calzona’s accident rates of 0.55 accidents per millfon miles for 1990
and 0.75 accidents per million miles for the 3 years preceding Lhis accident
are below or about equal to FHWA’'s computed accident rate of 0.74 reportable

22 Asericen Associction of State Nighwey oend lransportstion Officists,
1984, A policy on geometric cdesign of highways end streets. Jeshington, 0OC.
1087 ».

23 (a) V.8, Deportaent of trensportetion, foderal Highuay
Adainistration. 1988. MNanual on uniform treaffic control devices for streets
end highuways. VMashington, OC. {sot poged nuserically.) (b) The ssnual f{s
spproved by the FNWA Admintstestor os the nationsl standard {in sccordence
Mith title 23, V.8, Code.




accidents ger million miles for carriers transporting hazardous materials.
Because Calzona included accidents that may not meet the criterta as DOT-
reportable accidents, the company’s rate of reportable accidents may be
lower. Calzona’s accident rate, therefore, does not {ndicate there are
significant problems with the company’s operation.

Wind was calm and weather conditions were dry and clear; therefore,
weather conditions were not a factor in the accident.

The Accident

The tire marks on the road indicated that the truck was traveling in the
right (or outside) lane as it approached the curve at Oak Ave. he tire
marks left by the truck follow a radfus of 444 feet, which {s less than the
radius of the travel lane into the roadway curve. Thus, the radius of the
tire marks indicates that the truck turned into the curve, thereby
shortening the turning radius and lowering the rollover threshold. After the
vehicle overturned at Oak Ave., it s1id on its right side for about 60 feet
on the pavement and 50 feel on the dirt unti) it struck the embankment of the
ditch {see fig. 8).

Calculations of the speed of the vehicle when it became unstable were
based on the radius of the curve, the radius of the tire marks left by the
outside tires of the vehicle, the superelevation of the road, and the center
of gravity of the cargo tank as loaded. On the basis of these calculations
(appendix 8), the Safety Board estimates that the vehicle was traveling
between 52 and 59 mph (12 to 19 mph over the posted speed limit of 40 mph and
17 to 22 wmph over the advisory speed of 35 mph) when it began to lose
stability and started to lesve tire marks on the road from the weight shift
and centrifugal force. The calculations further estimate that the speed of
the vehicle wnen it overturned was between 48 and 54 mph (8 to 14 wph over
the posted speed limit and 13 to 19 aph over the advisory speed). The
mr?ins by which the calculated speeds exceed the posted and advisory speed
Timits clearly indicate that the vehicle was traveling at an excessive speed
for the location. Therefore, the Safety Buard concludes that the accident
was caused by the driver’s ogeration of the vehicle in the curve at an
excessive speed, resulting in the overturn of the vehicle.

The CHP performed calculations, similar to those done by the Safety
Board, to estimate the rollover speed of the vehicle. The CHP conciuded that
the vehicle was traveling at minimum speed of 52 mph when {t overturned.

Driver Performance, Yrainirg, and Qualifications

To determine why the driver was traveling at a speed sufficiently
excessive 1o cause an accident, the Safety Board analyzed the driver’s
background and personal profile, and his training and quatifications.
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Behavioral. Medic PRrSeNa .~-There is no indication from
the finterviews with acquaintances and former coworkers that behavioral and
personal factors had adversely affected the driver’s performance ind
accounted for his operation of the vehicle at an excessive speed. He was
described as a quiet, reliable, and dependable individual. Aside from
participation in a consumer credit program, which the driver indicated was of
no immediate concern to him, there were no known recent sionificant life
events that may have distracted the driver. The driver was familiar with the
route, and had a comfortablc environment in the tractor while driving. Also,
there was no history of reckless perforsmance or excessive speeding in his
driving records. Therefore, there is no evidence in his background to
suggest that the driver would have deliberately driven the tractor-trailer
into this curve at an excessive speed.

Interviews with the driver’s acquaintances and former coworkers do not
suggest a history of drug or alcohal abuse. Further, according to the
observations of the on-scene CHP officers, and the remarks of the attending
physician at the emergency room, the driver was not visibly impaired
imediately after the accident. However, because the diriver refused to
submit a specimen for testing in accordance with the company policy, the
Saf:;y Board could not determine 1f drugs or alcohol were a factor in the
accident.

Fatigue also does not appear to hiave been a factor. Even though the
driver was at the end of his shift, he had worked the same shift for the
§ months he hid been employed by Calrona. According to his statement to the
CHP, he maintained the same hours on his days off. The driver had off-duty
time and a light to normal workload in the week before the accident. There
was no indication of unusual activity in the 72-hour period bhefore the
accident that may indicate fatigue as a factor.

The driver’'s medical records and postaccident examination showed no
evidence of a medical condition that would have affected his performance as a
driver. Therefore, there is nothing in the driver’s behavioral, medical, or
personal profile that accounts for his operation of the vehicle in an
imprudent wanner.

and_Qualifications.--The curriculum at the Sacramento Truck
ODriving Acadesy, at which the driver completed a 330-hour course several
months before the accident, was accredited by the Professional Truck Drivers
Institute of America. The 330 hours of ifnstruction--which included 9 hours
of instruction on Jackknifing and rollovers, 5 hours on emergency handling,
and 10 hours on hazardous materfals transportation--was sufficient to provide
an entry-level driver with the basic knowledge and skills to drive a heavy
truck. Although students were not tosted on much of the {nstruction,
fncluding that on rollover and emergency handling, the driver’s overall test
score indicates that he had knowledge and an understanding in the subject
arens on which he wis tested.

Calzona’s 10-day qualification program was also well designed and, if
implomented as designed, included tha nacessiry eloments of instiruction and
evaluation. Critical driver tasks were identified and taught, and the use of




attention for the trainee. The instructor was also abtle to provide immediate
feedback to the trainee about misconceptions or errors. The dafly written
evaluations and the final written examination were means to assess the
capabilities of the student driver.

Calzona, however, was unable to provide copies of the written daily
evaluations, a record of the written examinition, or other documentation
about the accident driver and other drivers despite company policy requiring
completion of such documentation. The only documentation in the driver’s
file was a letter indicating that he had successfully complsted the prograwm.
According to the responses to the Safety Boird’s written questions, the
driver indicated that he had not received any training on rollover and
stability from Calzona. (Rollover tninin? was received from the truck
driving acade-{.) Because Calzona’s written evaluations, examination
recovds, and other training documentation were not submitted for the driver,
an objective assessment of his knowledge and performance during Calzona's
qualification program cannot be made. However, the actions taken by Calzuna
since the accident to ensure that written evaluations and test records are
properly submitted should provide the necessary followup to evaluate the
effectiveness of the training program. Additional actions by Calzona--
including the certification and evaluation of the driver {nstructors,
evaluation of new drivers after 30 days employment, and the implementation of
a mandatory 2-week training program for al) new drivers--should also enhance
the effectiveness of Calzona’s training program.

Despite the lack of testing on some areas of instruction at the truck
driving acad and the deficiencies with Calzona’s documentation of
training, the driver held a valid Class A commercial driver’s license with
endorsements for hazardous waterials transpertation and operation of tank
trucks. Because the requirements for the Class A license complied with
Federal requirements for the commercial driver’s license, the driver hag to
demonstrate his driving skills in a road test of a tank truck and his
knowledge through written examinations to receive the license and
endorsements. The written examinatfons for the license and ithe tank truck
endorsement do include questions about stability and rollover.

Therefore, the Safety Board concludes that the drivar received
sufficient training, including training on stability and rollover, through
the truck driving acadexy and Calzona. Further, the driver, by virtue of his
license, had demonstrated he was properly quislifiad to operate a tank truck
and should have had sufficient knowledge about stability and rollover.

Other Factors.--Other factors that may account for the driver's
operation of the vehicle at excessive speed are rushing to complete his shift
and inattentiveness. In his strtements to the CHP, the driver indicated that
he had no particular plans wher de completed his shift, and that his normal
practice was to return home and ‘0 to bed. The driver, in the week prior to
the accident, had sufficient time off such that he would not have been
concerned about violating the requirements for hours-of-service. He
therefore had no known reason to rush to complete his shift.
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Consecuently, the Safety Board believes that the most reasonable
explanatfon for the driver’s operation of the vehicle at an excessive speed
can be attributed to a lagse of attentfon by the driver. He indicated that
there was no traffic on the accident trip, ard that he did not have to sto
for a single stop Vight. The weather conditions, the truck’s mechanica
condition, and the roiad condition were also good. Further, the driver’'s
statement that he could tell the speed of the vehicle by the sound of the
engine and without looking at the speedometer suggests that he may not have
been scanning the instruments in the cab and monitoring his speed before the
accident, His singing to the music on the radio is also consistent with a
relaxed vigil, The Safety Board therefore believes that the driver most
l1ikely was inattentive, for undetermined reasons, to the vehicle’s speed.

One method to overcome inattention 1is to regularly esphasize the
conditions that can lead to and thz hazards associated with 2 loss of
stability and eventual rollover. Calzona has indicated that it provides to
fts drivers flyers about safety practices, such as defensive driving. The
Safety Board believes this {s a guod policy; however, the Board also urges
Calzona to provide regular reminders to i{ts drivers about the loss of
stability and rollover through safety meetings, and the periodic flyers and
letters that are now being sent to the drivers. Further, the Safety Board is
concerned that drivers of tank trucks for other carriers may also experience
Tapses of attention that polentially could lead to a rollover. The Safety
Board therafore believes that the FHWA should issue periodic °*On-Guard"
bulletins to remind all carriers and drivers to be attentive and aware of the
tt:onditions that can leud to a loss of stability and rollover in a tank

ruck.

The Safety Boird is also concerned that NHTSA has not acted upon the
recommendations, of NHISA’s 1987 study, to conduct research of human
erformance faitors that may reduce rollovers of tractor-trailer trucks. The
afety Board believes that NHTSA should proceed with the research as
recommended in the study.

Source of Hazardous Materials Release

As the gasolire runoff from the overturned tank truck followed the
drainage ditch and reached the rear of the homes on Twin Gardens Drive,
gasoline vapors were ignited by an ignition source from one of tho homes.

A limited quantity of gasoline was probably raleased through one or more
of the pressure-actuated fi1) (PAF) openings on each manhole cover when the
tank truck overturned and struck the pavement. As documented in the research
study conducted by OUynamic Science, 1Inc., for the Federal Highway
AMdministration, such an occurrence releases only a small quantity of product.
Therefore, release of gasoline through the PAF openings cannot account for
the quantity of gasoline needed to gunerate the strong odors noted by the
?zsn:sst::df?ighuqy patrol officers anl to generate the amount of runoff that

0 res.
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Although the driver did not inspect the manhole covars before departing
on the accident trip, there is no indication that the four manhole covers and
the PAF 1{ids were not properly secured when the accidznt occurred. The
minholes were not routinely opened for loading. Further, the Safety Board
believes that an improperly secured manhole would have opened after the tank
truck had overturned and before 1t hit the embankment. However, there was no
indication of a spill on the roadway and there was not an immediate ignition
of gasoline following the overturn. Therefore, the manholes were most likely
properly secured at the time of the accident.

If & substantial release of the gasoline had occurred after the
overturn and the impact of the tank truck with the roadway, as the vehicle
was sliding across the roadway on its side but before it hit the embankment,
gasolfne would have covered the roadway and likely would have ignited from
the friction of metal. The gasoline, however, did not ignite at that time,
and the firve, after 1t flashed back to the overturned vehicle, did not spread
beyond the vehicle along the path of the truck’s direction of travel.
Further, there was no indication from physical evidence or witness statements
that gasoline had spilled on the roadway.

Also, the newspaper eﬁ?loyee‘s descriptions of the impact of the cargo
tank with the embankment of the drainage ditch and the damage to the right
front of the cari:etank indicate that vhe forward portion of the cargo tank
struck the embankment with a significart force. Consequently, significant
relaase of gasoline probably did not occur until the cargo tank hit the
embankment of the drainage ditch.

Witness statements also indicate that a release of gasoline was observed
on top of the cargo tank and toward the front of the tank. This release,
which was seen by three firefighters and one CHP officer, was consistently
reported to be through a hole at the forward end of the cargo tank and on or
near the top of the tank. Further, the firefighters’ and the CHP officer’s
comparisons of the flow of the gasoline to the flow from a fire hydrant or
through a round opening suggest that the gasoline was being released through
a circular-shaped hole.

It is not likely that the release seen by the witnesses was throu%: a
tear or gash in the tank shell because such a hole would have been
irregularly shaped and would not have caused the type of flow as described.
Although flow through a round hole may have resulted from a puncture of the
tank shell, a punctire of the cargo tank where the release was observed also
appears to have been unlikely. Although the stop sign at the intersection of
Fair Oaks Blvd. and Oak Ave. was struck by the vehicle and the wooden post
was broken, the sign was struck as the vehicle was on its right side and
sl1iding toward the emb:akment of the drainage ditch. Because of the
orfentation of the top of the cargo tank with respect to the broken stop sign

st, the top of the cargo tank would not hiave been susceptible to puncture
y tiu :.i:-n post. There were no other known objects along the path of the
overtyr tank truck that might have punctured the tank in the top right
front area of the tank. Therefore, the release seen by the firefighters and
the CHP officer was probably at a fitting located at the front end and on top
of the tank. Because the topside fitting closest to the front of the cargo
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tank was the manhole cover for the first cargo compartment, the release most
1ikely occurred at this manhole cover.

On2 manhole cover was found with the latches for the PAF 1id extended
open. The postaccident condition of the three other manhole covers was much
the same: all appeared to have remained closed and intact with the exception
of the non-steel parts and accessory devices that were destroyed in the fire,
Because the design of the spring-loaded PAF 1id and the safety latches
prevents the 1id from physically popping open, the latches on the one manhole
cover most 1ikely opened after the aluminum 11d had melted and the force of
the spriu? on the latches was relmased. Therefore, the release observud by
the firefighters and the CHP officer was not through the PAf opening of the
manhole cover for the forward compirtment.

The release of gasoline most likely occurred when one of the liquid-
level sensors mounted on the manhole cover for the forward compartment
dislodged. There were no known objects in the path of the overiurned truck
that might have struck one of the sensors and caused it to dislodge.
Further, the dynamics diagram (fig. &, indicates that the top of the cargo
taink was nearly parallel to the embankment of the drainage ditch when the
tank struck the embankment. The angle of the cargo tank, in {ts final
position, suggests that the front right-side of the overturned cargo tank
struck the embankment but the rear-end of the tank did not. This would have
permitted the tank to pivot at the front end of the cargo tank and attain the
angle to the ditch. Consequently, the impact forces on the cargo tank and
the forces resulting from the dynamic surge of the gasoifne against the top
of the tank would have been rore intense at the front portion of the cargo
tank striking the embankment. Because the manhole cover for the forward
compartment {s the onl{ manhole openirg toward the front of the cargo tank,
this manhole cover would have been the most susceptible to the dynamic surge
forces of the gasoline. Therefore, the Safety Board concludes that one of
the sensors on the minhole cover for the forvard compartment most likely
dislodged because the sensor was unable to withstand the surge of the
gasoline in the overturned cargo tank.

Cargo Tank Performance and Testing

?x_nm_c_f_mn__nn_nmm_ﬂmm.--ﬂw tank truck overturned and
traveled about 110 feet before hitting the embankment of the drainage ditch
Sfig. 3). Based on estimated overturn speeds between 48 and 54 mph, and on
eceleration calculations for the distance traveled after the overturn, the
estimated impact speed of the cargo tank with the embankment was calculated
to have been between 28 mph (41 feet per second) and 42 mph (6] feet per
second). Calculations are given in appendix C.

NHTSA has indicated that, based on front-end fimpact testing of new-model
passenger cars with a fixed barrier, the eltapsed time of the impact forces on
a car is typically between 100 and 150 milliseconds (0.1 to 0.15 seconds).
Although similar impact tests have not been conducted on commercial tractor-
trajler trucks, this range of {impact times provides the best available
comparison of the cargo tank’s impact time with the dirt embankment.
Although the dirt embankment of the drainige ditch likely provided some
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cushion to the cargo tank on impact in this accident (resulting in a longer
impact impulse time), the possibility exists that an overturned cargo tank
could, in similar circumstances, strike a rigid barrfer such as a concrete
retaining wall. Therefore, the calculations of the dynamic forces provide a
reasonable estiwmate of the forces that can be generated on the manhole
covers. On the basis of the calculated impact speeds of the cargo tank with
the dirt embankimat, and of the elapsed impact times, the dynamic force per
unit area on the forward manhole compartment was calculated to be botween 20
and 50 psia. The calculations suggest that had the tank struck a concrete
abutment, the manhole cover {and sensors) could have been subjected to
pressures consistent with the static design requirements. However, in the
case of this accident, the liquid-level sensor may have failed to withstand
a dynamic surge pressure significantly below the static design pressure of
36 psig (51 psia).

DOY Standards for Manho ers.--The recent revisions of the cargo
tank design standards in 49 CFR are a major improvement in the standards.
Manhole covers must now be designed to withstand a static pressure of
36 psig rather than S psig as previously allowed, and retrofit of the manhole
covers on existing bulk 1iquid cargo tanks must be completed by 1995.

However, the new performance standard that applies to the manhole cover
does not specifically address fittings or devices mounted on the manhole
cover, and thus these fittings and devices are not required to be (and
generally are not) tested for dynamic or static loads. This accident
denonstrates that the performance standard for loading should apply to the
minhole cover as it will be configured during transportation. If load
testing cannot be accomplished with the manhole covers exactly configured,
the fittings and devices mounted on the manhole cover should be fndependently
desi?ned and tested to meet the same design loads as the manhole cover
ftself., If the liquid-level sensors had been required to meet a performance
standard comparable to the static loading standard for the manhole cover, the
release of gasoline through the manhole cover on the accident vehicle may
have been averted, thereby veducing the severity of the accident. The RSPA,
therefore, should requfire that all fittings and devices mounted on a manhole
cover of cargo tanks meet the same performance standard to withstand the
static internal fluid pressure as that required for the manhole cover.

Californfa Standards.--Because the State has not adopted Federa)
re?uhtions beyond those 1in effect as of October 1, 1988, irtrastate
shipments of all hazardous materials can be made indefinitely in liquid bulk
tank trucks that do not meet the improved Federal standards. Consequently,
potential improvements in public safety within California will be precluded
$0 long as cargo tanks that fai) to meet improved standards remain in
intrastate service. There is also an increased likelihood that cargo tanks
that fall to meet Federal standards will be removed from interstate service
and rdplacod in intrastate service within California. Therefore, the Safety
Board balieves that the State of California should adopt design standards for
bulk 1iquid cargo tanks that are equivalent to the current standards in
49 CFR Parts 171 through 180.




Toxicological Testing

The driver did not submit or provide urine samples for postaccident
toxfcological testing upon the advice of his attorney. Because the driver
had only made intrastate trips within California, he was not subject to the
Federal regulations in 49 CFR Part 391 relating to postaccident testing.
Because of the court injunction against the Federal drug testing program that
was fn effect at the time of the accident, reasonable suspicion of drug use
or impatrment would have also been required for any postaccident testing
under Federal Jurisdiction. Further, the CHP officers who were first to
arrive at the scene did not order testing because they did not have
reasonable cause to believe the driver was impaired by alcohol or drugs.
Although a driver miy not exhibit visible indications of drug or alcohol
impairment after an accident, the absence of alcohol and drug use cannot be
conclusively determined without testing.

The Safety Board has, for many years, documented the role of alcohol
and other drugs in accident causation throughout the U.S. transportation
system. The Board found that alcohol and drug abuse was evident in accidents
for all modes of transportation, and that DOV regulations that pertain to
the drug and alcohol testing of persons involved in accidents or f{ncidents
were finconsistent among modal agencies. To address these concerns, the
Safety Board recommended that the DOT:24¢

0 Develop regulations for postaccident and postincident testing procedures
that are separate from the requirements for pre-employment, random, or
reasonable suspicion testing;

Adopt uniform regulatfons for all drug and alcohol testing in all
transportation modes for private sector employees and DOT employees who
are {in safety sensitive positions;

Adopt regulations that provide for the collection of blood and urine
samples to test for alcohol and drugs beyond the five that are specified
in the Department of Health and Human Services guidelines (marijuana,
cocaine, opiates, amphetamines, and phencyclidine).

The Secretary of Transportation responded in August 1990 that DOT-
mandated testing was not intended primarily as &n accident {nvestigation
tool, but as a deterrence of improper conduct by employees performing
sensitive safety- and security-related functions. Although the Secretary
pledged to work with the Safety Board on a program to determine the role of
substance abuse in the causation of transportation accidents and meetings
between DOT and Safety Board staffs did take place, no real progress has
occurred. The Safety Board remains concerned with the lack of progress to
implement these recommendations and again urges the Secretary of

4 Safety Recumsendations [(:89-4 through -12 were fssued to the DOT on
Decomber S, 1989,
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Transportation to develop the postaccident testing program described by these
recommendat fons .25

In 1990, the Safety Board completed a safety study concerning the
effect of fatigue, alcohol, and other drugs in fatal accidents involving
heavy trucks,?¢ which found that drugs of abuse, including alcohol, were
present in 33 percent of the fatally injured drivers of heavy trucks. As a
result of the study, the Board issued more than 30 safety recommendations
concerning drug and alcohol testing and reporting to the DOT, FHWA, other
Federal agencies and departments, the States, and associations for the
trucking industry.

Of the 13 recommendations issued to each of the States, California has
indicated that it has implemented or is considering implementation of several
recomnendations concerning drug and alcohol testing. The State, however,
requires that legislation be enacted before it can implement drug and alcohol
testing programs for commercial truck drivers. Legistation that would
implement a drug testing program for intrastate drivers and that {s
equivalent to FHWA’s program has recently passed the California Assembly.
Action 1s pending in the California Senate. All 13 recommendations issued to
California have been classified as "Open--Await Response.”

Because intrastate transportation of hazardous materials may often
involve short trips and local deliveries through residential or congested
commercial areas, the risk to public safety may be greater than the
interstate movement of these materials along interstate or major highways.
The FHWA has previously recognized the unique hazards of transporting
hazardous materials, and has consequently fissued regulations that apply not
only to interstate transportation but also to intrastate transgortation. For
example, under 49 CFR 387.9, the FHWA prescribes minimum levels of financial
responsibility for the 1{intrastate transportation of hazardous wastes,
hazardous materials, and hazardous substances that are carried in bulk.
Section 49 CFR 391.2(d) exempts certain intracity zone drivers from meeting
age and certain physical requirements; this section, however, does not exempt
intracity 2zone drivers who operate a vehicle that 1{s wused in the
transportation of hazardous materials and requires placarding under the
Hazardous Materials Transportation Safety Act (49 U.S.C. App. 1801-1813}).
The FHWA has further recognized these risks by requiring special endorsements
on the commercial drivers license for hazardous materfals and tank trucks.

2% Ssfety Recommendstions 1-89-4 through -9, -11, snd -12 have besn
classifled as "Open--Unecceptable Response.* Safety Recommendation [-890-10,
which wurged the 00T to provide Safety Boerd investigators with the
toxicologicat test results for DOT employees In safety-sensitive positions,
has been clessified as "Closed--No Longer Applicasble® Dbecouse of
Congressional action that meets the intent of the racommendation,

26 National Transportastion sSafety Board. 1990. fatigue, eslcohot,
other druge, end medical factors fn fatat-to-the-driver heavy truck crashes.
Safety Study N1889/88-930701. uashington, OC. 18% p. Vol. §.
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Because of the unique and high risks to the public posed by a release
of hazardous materfals, the Safety Board believes that drivers of all
vehicles transporting hazardous materials, particularly in bulk shipments,
have an added responsibility to operate these vehicles in a safe manner, The
Safety Board concludes that drivers of such vehicles should, therefore, be
subject to mandatory postaccident testing for alcohol or drug impairment
regardless of whether the shipment §s being made by intrastate or interstate
transportation.

The FHWA has indicated that it is considering extending the drug testing
requirements to fintrastate drivers. While the Safety Board believes that
FHWA should proceed with such rulemaking, the Board remains concerned that
testing for alcohol will continue to be excluded from FHWA's testing program.
The Safety Board belfeves that FHWA should, as a minimum, require
postaccident toxicological testing for alcohol and drug {impairment of
commercial vehicle operators involved with the intrastate transportation of
hazardous materials in bulk.

Many States have {implemented drug testing programs for {intrastate
drivers that are similar, in varying degrees, to FHWA's program; other States
have no programs in place. The Safety Board therefore believes that each
State should likewise require mandatory postaccident testing for alcohol and
drug impairment of drivers operating vehicles transporting hazardous
naterials in bhulk within the State.

Emergency Response

Units from the American River Fire District arrived at the accident site
within 10 minutes after being dispatched. The local response was timely and
effective. The incident cc.mand sysiem wi. implemented, allowing agencies to
coordinate their activities with one another after being assigned specific
tasks by the incident commander. Communication between the agencies worked
well. The coordination between the fire departments, the CHP, and the
Sacramento County Sheriff’s Department also resulted in a timely evacuation
of residents in the immediate area.

The mutual training exercises that were held between the American River
Fire District and other fire departments groved to be beneficial,
Firefighters were not only familiar with the capabilities of the firefighters
at their stations, but also with those of the firefighters from other
district stations. This led to an effective firefighting response.

The Sacramento County disaster plan was implemented and was effective in
coordinating the activities of all agencies responding to the accident.
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CONCLUSIONS

Findings

1. The roaditay, the mechanical condition of the vehicle, and the weather
were not factors in the accident.

The driver had received adequate training and was properly qualified to
operate the vehicle,

The vehicle was traveling 12 to 19 mph over the posted speed limit for
the curve, which caused it to overturn.

4. A lapse of attention, for undetermined reasons, by the driver probably
led to the operation of his truck at an excessive speed as he approached
and entered the curve on Fair Oaks Bivd.

Gasoline was released through an opening in the manhole cover for the
front compartment, most likely after a liquid-level sensor was dislodged
by a dynamic surge of the gasoline cargo.

1f the liquid-level sensors had been required to meet a performance
standard comparable to the static loading standard for the manhole
cover, the release of gasoline through the manhole cover may have been
averted, thereby reducing the severity of the accident.

Because California has not adopted standards for cargo tanks that are
comparable to the most current Federal standards, the public within the
State is not receiving the protection provided by the improved carge
tank standards.

Drivers of commercial vehicles transporting hazardous materials in bulk
in intrastate commerce are not subject to Federal mandatory postaccident
testing for drug and alcohol impairment.

The emergency response and evacuation of residents were well executed
and coordinated.

Probable Cause

The National Transportation Safety Board determines that the probable
cause of the accident was the inattention of the driver, for undetermined
reasons, which resulted in his operation of the tank truck at excessive
speed leading to its overturn. Contributing to the severity of the accident
was the failure of one of the liquid-level sensors mounted on the manhole
cover for the forward compartment of the cargo tank to remain secured.

Preceding page blank
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RECOMMENDATIONS

--to the Federal Highuay Administration,
U.S. Department of Transportation:

Require postaccident toxicological testing for alcohol and drug
{mpairment of commercial vehicle operators involved with the
intrastate transportation of hazardous materials in bulk. (Class
11, Priority Action) (H-91-32)

Issue perfodic *On-Guard" bulletins to remind all carrfers and
drivers to be attentive and aware of the conditions that can lead
to a loss of stability and vollover in a tank truck. (Class II,
Priority Action) (H-91-33)

--to the Research and Special Programs Administration,
U.S. Department of Transportation:

Require that all fittings and devices mounted on a manhole cover of
cargo tanks meet the same performance standard to withstand the
statfc internal flufd prassure as that required for the manhole
cover. (Class III, Longe- “erm Action) (H-91-34)

--to the National Highway Traffic Safety Administration,
U.S. Department of Transportation:

Proceed with and complete the research of human performance factors
that may reduce rollovers in heavy trucks (tractor-senitrailer
combinations) as recommended in the 1987 Heavy Truck Safety Study
prepared in response to Section 216 of Public Law 98-554,
(Class 111, Longer Term Action) (H-91-35)

--to the State of California:

Adoet desfgn standards for highway bulk 1iquid cargo tanks that avre

at least equivalent to curreat federal standards in 49 CFR Part 171
through 180. (Class 1i, Priority Action) (H-91-36)

--to the 50 States, the District of Columbia, the Commonwealth of Puerto
Rico, the Virgin Islands, and U.S. Territories:

Require postaccident toxicological testing for alcohol and drug
impairment of commercial vehicle operators involved with the
intrastate transportation of hazardous materfals in bulk.
(Class 11, Priority Action) (H-91-37)

Preceding page blank
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--to Calzona Tankways, Inc.

Provide regular reminders to company drivers about the loss of
stability and rollover thraugh safety meetings, and the periodic
flyers and letters sent to the drivers. (Class 1), Priority
Action) (H-91-38)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

JAMES L. KOLSTAD
Chairman

SUSAN M. COUGHLIN
Vice Chairman

JOHN K. LAUBER
Member

CHRISTOPHER A. HART
Member

JOHN A. HAMMERSCHMIDT
Member

Adopted: September 4, 199}
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APPENDIX A
INVESTIGATION

The Nationa) Transportation Safety Board learned of the accident about
9 a.m. eastern standard time on February 13, 1991. An investigative team was
dispatched from headquarters in Washington. D.C., and frow field offices in
Los eles, California, and Seattle, Washington. Investigative groups were
establ{shed for hazardous materials, highway, vehicle, operations. survival
factors, and human performance.

Parties to the investigation were the Federal Highway Administration,
the Sacramento County Sheriff’s Department, the American River Fire District,
Calzona Tankways, Inc., Fruehauf Corporation, and Kenworth Truck Company.

The Safety Board did not convene any formal proceedings; interviews and
witness statements, however, were obtained.
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APPENDIX B
CALCULATIONS FOR THE SPEED OF THE VEHICLE

Calculations for the speed of the vehicle at its loss of stability and
rollover are performed using the following formula:

Y= [ RG ({wh) +e)]) /2

where ¥V = velocity in feet per second, R = radfus of the path of the truck’s
center of mass, G = acceleration of gravity or 32.2 feet per second squared,
w/h = the rollover threshold of the truck (1/2 of the track width divided by
the height of the center of mass), and ¢ « the superelovation of the roadway.

The following tabulation indicates a range of calculated rollover speeds
(converted to speeds in miles per hour, mph, from velocity in feet per
second, fps) using the radius of the roadway curve corracted for the track of
the center of wmass of the truck in the outside lane and the radius of the
tire marks left by the outside tires of the truck corrected for the track of
the center of mass, the measured superelevation of the roadway at the point
of rollover and the maximum superelevation indicated on the design plans, and
a range of vehicle rollover thresholds from 0.30 to 0.10.

The manufacturer determined the height of the center of mass of the
tractor and tank tratler, loaded as indicated by the carrier, to have been
78 inches above the ground. One half the track width is teken as one half of
the distance between the outside walls of the inside tires. Theoretically,
if the truck was rigidly suspended, the ratio of w/h would be 36 inches/78
inches = 0.46. The truck was not rigidly suspended but had compliant or
flexible tires and suspension. Because the truck was destroyed by the fire,
there was no way to determine the stiffness of the suspension system or the
tives. The original suspension had been replaced, subsequently the
manufacturer was reluctant to estimate the stiffness of the suspension.
Therefore, a range of rollover thresholds was used to calculate an estimated
rollover speed.

In the early 1980‘s, the University of Michigan Transportation Research
Institute (UMTRI) performed tests and research on truck rollover. A
suspension system that is soft or mushy with underinflated tires would have a
threshold value near 0.30, and a stiff suspension system with rigid tires
would have a threshold value near 0.40. In 1980, Erwin2? published a

7 Sruin, R, B, 1980, future sontiguration of tenk vehisles heuling
flonmeble tiquide Ia Niehligen, UN-HBR1-80-73. Ann Arber, %1y VUnivecresity of
Nichigan, Righuway Safety Russsrch Instftute.
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rollover threshold value of 0.34 for an MC 306 tanker, in 198328 3 value of
0.31, and in 19882° 3 value of 0.35.

Rollover threshold
Calculated speed

Rollover:
R = 444 feet (tiremarks);
¢ = 0.372 (at rollover)

Loss of vehicle stability:
R = 524 feet;
¢ « 0.04 (roadvay) w/h = 0.30 -
w/h = 0.40 -

52.5 mph
59.8 mph

The calculated rollover speeds ranged from 48 to 54 h. The truck
traveling in the outside lane entering the curve would have lost stability
between 52 and 59 mph. The tire marks left by the truck follow a radius of
444 feet, vhich §s less than the radius of the roadway curve. Thus, the
radfus of the tire marks indicate that the truck turned into the curve. The
calculated rollover speed for the smaller radius curve, left by the truck
tires, was 48 to 54 mph. Even the lower speed fs well abcve the 40 mph
gosted speed 1imit on Fair Oaks Blvd., and s considerably higher than the

5 mph advisory speed. Although calculated rollover speeds ar2 considered to
be estimates and are generally slightly higher than the actual speed at which
a vehicle will lose stability and rell over, the margin in this case fs
sufficient for the Safety Board to conclude that when the accident vehicle
overturned, it was traveling 8 to 14 mph over the posted speed Yimit and 13
to 19 mph over the curve advisory speed.

Sy

8 Lvtn, &, B, 1983. the influence of size and welight vartobles on
the roll s - ability ¢f heavy duty truckes. SAE Poper 031163. Varrendele, PA:
gsoctety of Automotive Engineers.

29 gewin, R.U.; Netthew, A. 1988, Reducing the riek of spiliage in the
transportotion of chemical waste by truck. URTRI-86-28. Ann Arbor, K11
University of Nichigen, Transpertation Ressarch institute,

30 gyhe rotlover threshold velue vsed by the californias nighuay Potrol to
estimate the vehicle speoed.
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APPENDIX C

CALCULATION OF DYNAMIC FORCES ON TME MANHOLE COVER FOR THE FORWARD COMPARTAENT

Assumptions

The cargo tank was 90° from the vertical when ft struck the
embankment of the drainage ditch.

Oynamic surge forces on the manhole cover for compartment | at the
front of the cargo tank were generated by a cylindrical column of
gasoline as shown in the figure below.

The cargo tank struck the embankment on the right front side of the
tank shell, with the force distributed along the length of the
front cargo compartment.

Based on the dynamics diagram provided by the ~-'¢fawnig Highway
Patrol, the tank truck s1id about 110 feet after overturning.
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The coefficient of friction, f, of the truck sliding across the
pavement and dirt was f = 0,35 to 0.45. (Ref: National
Transportation Safety Board. 1982. Pacific Intermountain Express
tractor cargo tank semitrailer Eagle/F.B. Truck Lines, Inc.,
tractor lowboy semitrailer collision and fire, U.S. Route 50, near
Canon City, Colorado, November 14, 198). Highway Accident Report
NTSB-HAR-82-3. Washington, DC. 35 p.)

The Safety Board estimated the rollover speed to have been between
48 and 54 mph, or between 70.4 and 79.2 feet per second (fps).
Calculations of the California Highway Patrol estimated the
rollover speed to have been about 52 mph (76.3 fps). For purposes
of calculation, overturn speeds are assumed to range from 48 to
54 mph.

The elapsed time of dynamic forces acting on the cargo tank range
from 100 to 150 milliseconds, which is typical of the impact time
in a front-end cnllision of a passenger car with a rigid barrier,
according to the National Traffic Highway Safety Administration.

Definition of Terms

cross-sectional area of the manhole cover, in square inches (in?)

distance the overturned cargo tank traveled before hitting the
embankment of the ditch (110 feet)

dfa diameter of the manhole cover (16 inches)

coefficient of friction
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F

impact surge force on the manhole cover, in pounds-force (lbs)
gravitational acceleratfon, 32.2 ft/sec?

length of cylindrical column of gasoline (75 inches for the
maximum depth of the cargo compartment)

mass of the gasoline in the cylindrica) coluan, in pounds-mass

(1bg)

the elapsed time interval of the impact of the cargo tank with the
embankment of the ditch, in seconds

0 feet per second, the "at-rest" velocity of the cargo tank

the impact valocity of the cargo tank with the ditch, in feet per
second

overturn velocity of the vehicle, in feet per second

density of the gasoline, in pounds-mass per cubic foot
(46.8 1by/ft3 for gasoline)

Lalculation of Impact Yelocity with the Embankment of the Ditch

(Ref:

Rivers, R.M. 1980. Traffic accident investigators handbook.

Springfield, IL.: Charles C. Thomas.)

Vi =

W2 . (2)(F){9)(d)
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Using the above formula for deceleration, estimated impact velocities in
feet per second (fps) were calculated as follows:

¥ {(Overtyrn velocity, fps) f=035 f=-04 f=045
70 49 45 4]
76 57 54 . 50
79 61 58 55
The calculated impact velocities of the cargo tank with the embankment

of the ditch range from 41 fps (28 mph) to 61 fps (42 mph). For purposes of
calculation, surge forces are computed using impact velocities ranging from

40 fps to 60 fps.

Impact Force

The mass of the cylindrical column of fluid acting on the manhole cover:

A = (1) (d1a)&/4 = 17 (16 in)2 /4 = 201 1n?

m o= AIQ = (201 1n2) (75 in) (46.8 Ybg/ft3) (1 ft3/1,728 1n3)

® = 544.4 1by %5 545 by

Impact force, F, acting on the column of gasoline is estimated by:

Foam{vyg-v))/ (t2 -t))]
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The force on the manhole cover by the gasoline is equal and opposite to
the impact force acting on the column of gasoline. Therefore, the estimated
impact force/unit area on the manhole cover is:

-F/A = -(m) [(v2 - v}) / (t2 - t1)) (1/4)
(1 1bg - sec? / 32.2 by - ft)

-(545 1by) [(v2 - v1) / (t2 - 1)) (1/ 201 in2)
(1 1bg - sec? / 32.2 by - ft)

-F/A = -(0.08) [(v2 - v1) / (tz - t])) Ybg/in?

Using the range of impact velocities and time intervals, values of the
force per unit area acting on the manhole cover in lbf/in2 are as follows:

(va2 - v1) (t2 - t;) = 0.10 {ta - t}) = 0.15
fos sec, sec,

32 21
40 27
48 32

The dynamic force per unit area exerted on the manhole cover by the
surge of a column of gasoline ranges from 21 to 48 1bs/in2.
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APPENDIX D
Abbreviated Injury Scale (AlS)

Injuries in this accident have been coded according to the revised 1990
Abbreviated Injury Scale (AIS) of the American Association for Automotive

Medicine.3!?
AlS
Rescription Code  Resident = [Efrefighter  Driver  JTotal
Maximum
injury,
. virtually
unsurvivable AlS-6 0 0 0 0
Critical AIS-5 0 0 0 0
Severe AlS-4 0 0 0 0
Serious AlS-3 0 0 0 0
N Moderate AlS-2 0 0 0 0
[
f Minor AlS-1 1 | 1 3
None AlS-0 0 0 0 0
Unknown AIS-9 0 0 0 0
Total 1 | 1 3

31 The AlS is a standardized, universally accepted system of assessing
the severity of tmpect {InjJuries by coding findividual injuries. The first
scale vae published in 1971 under the sponsorship of a joint comnittee of the
American Nedical Associstion, the Amerfcen Associstion for Automotive
Medicine, ond the Society of Automotive Engineers.
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