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As a result of recent incidents, on May 18, 1998, the National Transportation Safety Board
(NTSB) recommended that the Department of Transportation prohibit the carrying of all
hazardous materials in unprotected external piping of cargo tank motor vehicles, such as
loading lines, that may be vulnerable to failure m an accident  Secretary Slater responded to
the NTSB indicating DOT shares the concerns of the Board with respect to potential loss of
life and mjury and the intent of the recommendation Secretary Slater noted that RSPA would
prepare a preliminary risk / benefit-cost analysis to help determine potential courses of action
and justification for possible rulemaking

Thus analysis is a first-cut look at risks inherent in the current system, the level of technology
development and possible ways to eliminate or reduce risk, and benefits and costs of various
approaches The analysis centers on gasoline because of its high contribution to overall risk
and the belief that action could most likely be justified for this commodity

Our best estimate of the number of fatalities attributable to wet lines in gasoline fransportation
is 0 70 per year The number of major injuries per year attributable to wet lines in gasoline
transportation 15 estimated at 0 52 per year Expected value of property damage attributable
to wet lines in gasoline transportatloh is estimated at $800,000 The total value of wet Imne
risk avoidance, including values for fatalities, mjuries, and property damage is estimated at $3

mullion per year 1

At least two systems show promise in elimmating risk from wetlines One uses an onboard
pumping or purging system to move product from the wet lines to 2 main tank compartment.
The other adds a second set of lines for loading that retains a minimum amount of product
which, while not eliminating risk, reduces it There are weight penalty costs to both systems,
but neither add operating time to the system which 1s cntical from a benefit-cost standpomt

Other solutions to the problem may exist

Analysis of the present value of costs and benefits to eliminate wet Imes results in cost to
benefit ratios of about three to one m the best instance However, there are enough
uncertamties in enough areas, such as data and cost estimates, such that the figures fall within
the realm where corrective action needs to be considered  Ultumately, transportation of
hazardous materials such as gasoline m wet lines 1s not a good practice with finite, albeit less
than great, consequences that can be avoided without tremendous costs or disruptions to the

mdustry
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Prehmmary Assessment
JRIISk/ Benefit-Cost

Prohibiting Hazardous Material in External Piping of
MC 306 / DOT 406 Cargo Tank Motor Vehicles

Background: ‘i
On May 18, 1998, the National Transi:ortaﬂon Safety Board (NTSB) recommended that the
Department of Transportation prohfbft the carrying of all hazardous materials m unprotected
external piping of cargo tank motor vehicles, such as loading lines, that may be vulnerable to
failure manaccident OnAugust31, 1998, the Research and Special Programs A dministration
(RSPA)began a preliminary nsk/ber}eﬁt-cost assessment to help determine potential courses

of action and justify possible rulemaking, if warranted

The NTSB recommendation was ssted following an investigation of an October 9, 1997
accident involving a MC 306 cargo tank semi-trailer carrying approximately 8,800 gatlons of
gasolme in Yonkers, New York. A car struck the right side of the cargo tank i the area of the
loading /unloading lmes causing the release of approximately 28 gallons of gasoline contaned

theremn An ensuing fire spread to the product within the tank itself, killed the driver of the car,

whowould have otherwise survived, and destroyed both vehicles and an overpass of a freeway.

Property damage was estimated at $7 million The incident is described m NTSB report
NTSB/HAR-98/01/SUM (Reference'1).

Purpose:

This analysis s apreliminary look at the risks inherent 1 the current system of operating cargo
tank motor vehicles with the external piping filled with flammable and combustible liquids
Benefits and costs of alternatives are ‘:cons1dered The purpose of this analysis is to develop
enough information to help make risk and cost informed judgments whether to proceed with
rulemaking or other approaches to eliminate risks from wet lines 1 flammable and
combustible hazardous material transportation Further data and analysismay be necessary for
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longer term decision-making processes.

J

Because of the more volatile nature and hazard of the product, the amount transported, and its
high contribution to overall risk, this analysis centers on gasoline in the belief that action, if
any, 18 most likely to be justified for vjvet lines involved in the movement of this commaodity
A full prohibition from carrying hazardous materials in external piping of cargo tanks that may
be vulnerable to failure in an accident would extend to fuel oil, crude oil, jet fuel, aviation
gasoline, alcohol, solvents, and other flammable and combustible liquid trangportation, Further
analysis may be m order to detennine:tlw most reasonable boundaries for such a prohibition.

Cargo Tank and Wet Lines Descfibtion:

|
MC 306 and DOT 406 cargo tank motorvehicles are most frequently used in gasoline and fuel
oil transportation Most cargo tank mator vehicles m service today were built to MC 306
specifications Cargo tank motor vehicles built after September 1, 1995 are required to meet
the DOT 406 specifications These cargo tank motor vehucles are the predominant over-the-
road transportation conveyances for petroleum products
MC 306 and DOT 406 cargo tank motor vehicles are non-pressurized (4 psi maximum) with
a cargo capacity typically between 7,500 and 9,200 gallons. They can be constructed from
mild steel, stamless steel, or aluminum Most are constructed from the latter material because
of weight considerations |
Cargo tank mtegrity is protected from collisions mvolving piping by shear sections on the
external pipmg that fail first in event of an accident and by internal valves to stop the flow of
product Tanks are normally filled by pumping product through the external piping which
carries 30-50 gallons of gasoline fro'ﬁ:l loading to the first delivery stop (hence the term “wet
Iines”) As presently configured, there is no way innormal operation to evacuate the external
lines by a sequence of valve closures since the lines are under pressure  The opportunity exists
at the first delivery when gravity is used to dram product External lines from compartments
that have been unloaded are empty during subsequent transportation

Wet lines are vulnerable in a side impact by an automobile Clearance between the roadway
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and a cargo tank 1s normally betwéqn 2' and 4' An average automobile will typically
underride the cargo tank in a collision from the side and can damage the external piping
Larger vehicles such as vans, sports utility vehicles, or other trucks pose more of a danger to

the cargo tank itself in a side collision

RSPA has long been concerned qBout the potential for loss of life and injury due to
transportation of hazardous materials in wet lines of cargo tanks Approxmmately 10vyears ago,
RSPA proposed eliminating unprotected wet lines in the transportation of all such material
(HM-183) Finalruleseffective in 1990 prohibited carrying poisonous, corrosive, or oxidizer
liquids in external piping unless the 151pmg 18 protected by substantial guards.

RSPA reluctantly agreed at that time to except gasoline and other flammable liquids from the
final rule because of strong mdustry objections based on the cost impact of changes, the
relatively low level of risk that could be demonstrated, and the fact that a system to empty wet
lines after loading was not available RSPA challenged industry to find ways to eliminate the
risks in a cost-effective manner

Figures 1 and 2 are typical of MC 306 / DOT 406 cargo tank motor vehucles. Figure 2 shows
atank trailer with the tractor attached Note the saddle tank on the vehicle, with a capacity of
about 300 gallons, that poses risks in a collision not unlhke those of wet lines except that
diesel fuel is less volatile than gasoline

Semi-Trailer
Figure 1
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Semi-Trailer with Tractor Attached
Figure 2

Distribution System:

Most crude oil movement to reﬁflerigs and most finished gasoline movement to bulk storage
terminals 15 by marine vessel or pipelime because of economics One exception is that crude
oil may be gathered from mdrvidual wells or fields 1n this country by cargo tank motor vehicle
and delivered to pipeline storage locations or refinertes Movement of gasoline from bulk
storage terminal to retail outlets or gas stations 1s almost always by cargo tank motor vehicle
There are approximately 15,000 bulk storage facilities with associated loading racks and about
170,000 gasoline retail outlets in the United States (Reference 2) The former could be
affected by certain types of changes that would elimmate gasolme wet lines

Daily consumption of motor gasoline in the United States 1s approximately 7,900,000 barrels,
or 332,000,000 gallons Shipment of thus entire amount m nominal 8,000 gallon cargo tanks
yields 42,000 shipments per day. Assuming a factor of 1 2 to account for shipment from bulk
storage to intermediate or jobber storage and subsequent reshipment results in bulk shipments
on the order of 50,000 per day or 18,000,000 per year
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A part of the ﬁnal transportatlon segment for gasoline dehvery to retail outlets occurs in
smaller truck-mounted tanks In its estimate of hazardous materials shipments (Reference 3

with information extracted and expanded in Appendix 1), RSPA estimates approximately 12%
of the average annual consumption of gasoline reaches retail outlets in cargo tank motor
vehicles of nominal 2000 gallon size, with shlpment inthese s1ze vehicles accounting for about

30% of the number of all motor gasoline shipments.
|

MC 306 and DOT 406 Truck Count:

As discussed earlier, the MC 306 and DOT 406 series are the predommnant cargo tank motor
vehicles for gasoline service Although a precise count of this type of truck is not available,
it is possible to make arough estimate The 1992 Truck Inventory and Use Survey indicates
232,000 tank trucks are m liqud or éas service The tofal includes vehicles that haul non-
hazardous materials such as milk and other food products Data compiled by the Truck Trailer
Manufacturer Association (TTMA) indicate tank trailer shipments for the 13 year period 1984-
1996 for flammable and combustible liquids are 22,626 units out of a total of 58,714 tank
trailers After allowing for a comparatively well known number of vehicles in liquified
compressed gas service, an extrapolation of thus ratio to the overall fleet would indicate
approximately 80,000 cargo tank motor vehicles, both single-unit trucks and tractor trailer
combinations, are in flammable or combustible liquid service Scaling TTMA data for tank
trailer production to a 30 year period would mdicate over 52,000 tank trailers alone are in
flammable or combustible liquid service

The NTSB m their report on the Yonkers, New York, incident cites a 1984 analysis by
Dynamic Sciences, performed for the DOT 1n support of HM-183, that estimates the number
of MC 306 vehicles at 57,900 The NTSB believes, however, that the current number of MC
306 and DOT-406 cargo tank motorw‘relucles is larger than the 1984 estimate suggests RSPA
notes that gasoline consumption n the United States has increased by almost 20% since this
earlier time frame, leading credence to this argument.

Scaled simply to accommodate gasoline shipments with each vehicle making an average of 3
shipments per day would require an active fleet of about 22,000 vehicles (Comments in
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earlier rulemakmg indicate the avérgge trlps per cargo tank motor vehicle per day may
approach 4). The actual number of cargo tank motor vehicles would necessarily have to be
larger because not all vehicles are in operatlon at one time; matching transportation needs to

vehicles to obtain full utilization is a practlcal impossibility in such a large system, a seven
day a week schedule is not maintained by all operators; and other commodities, such as fuel
oil, are carried by this type of vehicle,

For purposes of this analysis, it is assumed that 50,000 cargo tank motor vehicles would be
affected by prohibiting the transportation of gasoline in external piping of cargo tanks
Because there 1s some seasonal variation 1n the use of the vehicles and they can carry gasoline,
fuel oil, and other products in different cargo tank compartments, arelatively high percentage
of the fleet would be affected If a greater degree of vehicles can be dedicated to service for
specific products and if only tank trailers are considered for changes due to potentially greater
vulnerability, the number of vehicles gffected specifically for gasoline transportation may be
smaller. Costs calculated later m this analysis can be scaled to adjust for vehicle count

Estimate of Fatalities and Major injuries:

The expected number of fatalities and injuries during flammable and combustible liquid
transportation due to the hazardous nature of the material being transported 1s a function of the
mileage driven, the accident rate, the I'Jrobabﬂity of aspill given an accident, the probabuility of
fire or explosion given a spill, and the probability of a fatality or myury given a fire or
explosion :

v

Actual incident history should proviide a relatively good indication of risk with respect to
flammable and combustible material transportation Significant quantities of material are
transported Because of the nature 'of the product, predominant risk is from accidents of
limited consequences with one to a few fatalities This contrasts with other hazardous
materials such as tordc-by-mhalatioﬁ materials like chlorine or liquefied petroleum gases
where low probability, high consequence events have a more dramatic effect on the risk
spectrum Appendix 2 profiles this risk for gasoline transportation

The Hazardous Materials Information System, HMIS, captures historical data on incidents
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involving the release of a hazardoughil terial dunng transportatlon Atthe heart of the system
is Form DOT F 5800.1 A carrier milst submit this form to the DOT within 30 days of any
unintentional release of a hazardous material during transportation (with certain limited
exceptions, such as paint in a packaémg of five gallons or less). Until October, 1998, DOT
hazardous material transportation regulations and related reporting requirements applied only
to interstate carriers with respect to transportation by motor vehicle; subsequent to this date
regulations and reporting requirements apply to both interstate and intrastate carriers by motor

vehicle. As aresult, most of the mformation relevant to this review currently in the system is
for transportation of flammable and combustible liquids by motor carriers engaged in
mterstate commerce Information of this type is often adjusted by use of a multiplication
factor to account for intrastate transportation Under-reporting has been a concern - but less
so for major accidents that involve fatalities or injuries Changes to the reporting system in
1990 make mformation gathered since then more complete and compatible

Appendix 3 depicts fatalities by hazard class from 1990-1997 The 57 gasoline fatalities
account for over 3/4 of all fatalities for all hazardous materials in the flammable and
combustible iquid hazard classes These gasoline transportation fatalities range from 4 to 12
fatalities each year, with an average bf over 7 per year Usimg a factor of 1 5 to account for
intrastate transportation and under reporting yields an average of 10 7 expected fatalities per
year from gasoline transportation

Looking specifically at HMIS data.for gasoline transportation cargo tank motor vehicle
mcidents with fatalities and injuries, 91 incidents from 1990-1997 resulted in 57 fatalities,
32 major injuries, and 81 minor injuries 37 of the fatalities involved vehicle rollovers usually
accompanied by fires, 16 of the fatalities resulted from collisions with objects such as bridges,
trains, or automobiles where the cargo tank ruptured, 2 resulted from loading or unloadmng
incidents, and 2 were attributable to wetlines The breakdown of fatalities by cause 1s depicted
in Figure 3 The majority of persons who were killed or suffered major mjuries were
operators of the cargo tank motor vehicle A single accident on March 17, 1993 in Fort
Launderdale, Florida where a tractqr trailer combination was struck by an AMTRAK train
accounted for 6 of the fatalities, 6 of the major injuries, and 31 of the minor injuries

The portion of overall gasoline trmﬁpoﬂation risk that can be 1solated to wet lines has the
greatest relevance to this analysis HMIS data have certain limitations when searching for
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incidents mvolvmg Wet Imes Rep ortsa ire requlred only when hazardous materials are released

No information is collected on COHISIOHS including those where wet lines may have been
impacted or damaged, when a hazardous materials spill does not occur Nor does Form DOT
F 5800 1 explicitly identify wetlines iﬁdescribing packaging failure Itcanusuallybe inferred
from the description of events, the transportation phase, the amount released (limited number
of gallons), combination of checked boxes (fitting/valve or hose/piping and area affected), and
whether the spill was the result of an accident Itisnot always obvious, though. The 10/09/97
incident report for Yonkers, NY, indicates no product was released and events are described
only as “motorist collided with tanker Damage amounts of only $11,000 are indicated even
though property damage estimates are over $7 million due to damage to an overpass This is
amore extreme example, however, and most reports more clearly indicate whether wet lines

are possibly involved
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', l Figure 3
Fatalities for Gasoline Cargo Tank Motor Vehicle Incidents

According to Cause, 1990-1997




Another area that can present pro 3lems when evaluating risk from wet lines is the
determination of the cause of fatahtles and injuries Fatalities and injuries are reported on

Form DOT F 5800.1 only when they result from the hazardous materials and not from the
forces of an accident or collision itself. Such a determination is not always clear cut,

Furthermore, if a fatality was not rei)orted in the Yonkers incident (if the accident were
determined to be the likely cause), the incident report would contain little mformation to draw

attention to the involvement of wet lines or the seriousness of the accident

An Advanced Notice of Proposed RuleMaking (ANPRM) aimed at making changes to DOTF
58001 is planned RSPA will be exploring changes to increase the usefulness of data
collected for risk analysis and ménag}ement by government and industry Discussion items

particularly relevant to wet lines are (1) using separate forms or separate sections of the same

form to gather information on bulk shipments geared to the terminology and peculiarities of
particular commodities or modes, and (2) gathering information on accidents in certain
instances when product may not be released. Another concept that could be pursued would be
to identify on the form fatalities and injuries that may have occurred n an accident that were

not believed to be directly attributable to the hazardous material In the case of a wet lines
incident, these latter data could help identify cases where ambiguity exists In 1995, as a
basis of comparison, 134 cargo tank truck motor vehicles carrying hazardous materials were
mvolved m fatal accidents (Reference 4) Only 7 deaths were reported due to the hazardous
matenal o

The HMIS data base contains records on 447 incidents involving the release of gasoline as a
result of a cargo tank motor vehicle accident for the period 1990 to 1997 RSPA has
identified 47 accidents during this period where wet lines appear to be mvolved Two deaths
and three major mjuries resulted, and five fires occurred Damage was estimated to be over
$800,000 Hence wetline incidents appear to constitute about 11 percent of all gasoline cargo
tank motor vehicle accidents These figures appear supportable since (1)asignificantnumber
of the overall incidents do not involve accidents with automobiles, (2) only about 20% of
accidents involve automobiles striking the side of the truck (Reference 5), and (3) not all
side-on accidents of this type impact wetlines HMIS datarelative to wet lines are llustrated
in Figure 4

10
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Figure 4
HMIS Gasoline Cargo Tank Incidents, 1990-1997

i

Table 1 expands ur.;on the HMIS data and shows known incidents involving wet lines for
gasoline transportation by cargo tank motor vehicle from January 1, 1990 through July 31,
1998 Two incidents where a fatality to the automobile driver occurred which have been
attributed to the accident or where uncc‘ertainty exists, but which mighthave otherwise occurred
because of wet line spills and ensuu'?lg fires, are shown and considered as discussed 1n the
analysis
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Estimated Value of Fatalltles or In‘urles Averted by Not Permitting Unprotected Wet
Lines;

This analysis assumes past experience can be extrapolated to the future. An average figure for
the number of fatalities and injuries p'er year as a result of continuing to permit operation of
gasoline cargo tank motor vehicles with unprotected wet lines in gasoline fransportation is
needed Two fatalities and three major injuries are known from the HMIS data to be a result
of wet lines during an eight year and seven month period To this is added one known fatality
that 15 not in the HMIS data base (possibly because it was an intrastate event) An additional
fatality 1s added to adjust for the two fatalities which are thought to be more appropriately
assessed to the accidents rather than the hazardous materials (such determmations are not

always clear-cut and 1t 15 possible that a person might survive absent a fire due to wet lines)
Thus vields 4 fatalities and 3 major mnjuries

These values are then multiplied by 1 ‘5 to allow for intrastate transportation, under reporting,
and uncertainty. The end result 1s an estimate of 6 O fatalities and 4 5 major injuries over an
8 yearand 7monthperiod The expec'ted total average fatality rate that can be attributed to wet
lines 1n gasoline transportation would thus be 0 70 persons per year and the average major
mjury rate would be 0 52 personsperyear (Note thatconsideration was giventonotincludmg
the known fatality which 15 absent from the HMIS and using a factor of 2 0 instead of 1 5 to
allow for intrastate transportation, under reporting, and uncertamty, however, the practical
difference for this alternate approach is not significant. Fatality rates would have been the
same and major injury rates would have increased by 1/3 )

These assumptions may well overstate risk due to wet lines However, since the purpose of
this analysis is to serve as a first écreen for possible rulemaking or other actions, it 1s
appropriate to use high estimates .,

Using the current value of a fatality averted as $2.8 million (OST Memorandum of March 15,
1994, updated as of 2/98) and the value of a severe injury averted as 0 1875 of the value of a
fatality, arough estimate of the econém1c value of fatalities and injuries that might be avoided
by not permitting unprotected wet Ilijnes in gasoline transportation becomes

= (fatalities averted) * (value of fatélity) + (major 1njuries averted) * (value of major injury)

14
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= (.70 fatalities/year) * ($2:8 mil/fatality) + (_52 maj. inj./year) * (1875 * $2.8 mil /maj.inj )

= $2.2 million/year

!

Property damage attributable to wet lines centers on the Yonkers incident with an estimated
$7 million in damage, Thus assumes that wet lines were the catalyst for this event, damage to
the overpass would not have occurred otherwise, and this event was not an aberration Adding
damages attributed to wet lines incidents for the 1990-1997 time period yields a yearly
average of about $800,000 per year. A multiplication factor 1s not used to escalate property
damages m the belief that the 1 5 factor for fatalities and injuries 1s sufficient to account for
all cost categories and thata lngh percentage of the property damages may have occurred even
if the accident had not involved wet lines

Total Wet Line Cost Avoidance = (value of fatalities and injuries averted) + (value of damages averted)
|
Total Wet Line Cost Avoidance = ($2 2 million) + ($ 8 million)
= $3 0 million per year

Value of fatalities, mjunies, and damages averted are iliusirated in Figure 5

Total e ;
Injuries g Known or Allocated
=N
Fatalities = —y— e
$0 $1,000,000 : $2,000,000 $3,000,000
| Figure 5

Value of Fatalities, Injuries, and Damages Averted
Alternatives for Eliminating Wet Lines in Cargo Tank Motor Vehicles:

15
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Possible optlons for ellmmatmg wet Tines in cargo tank motor vehicles are briefly

examined below:

Top Loading of Cargo Tank Motor Vehicles

Twenty-five years ago most cargo tank motor vehicles were top loaded and the external lines
were not used until delivery Emission control requirements mandated by the EPA led to the
economic decision to convert most faciliﬂes to bottom loading Bottom loading reduces
vapors and can be more easily adapted to allow for recovery of vapors during loading Worker
safety 1s also enhanced with bottom loading because an operator can remain on the ground and
does not have to climb to the top of a truck  Dangers of static electricity in a tank are reduced
because bottom loading creates less turbulence Emission control 1 a top loading sttuation
1s more complex and expensive, and the cost of reverting to top loading would be prohibitive

|
3

: !I
Dram Wet Lines Back to Source

Stopping pumps, closmg the valve to the cargo tank, and opeming a small bleed valve on the
pipmgmight allow productto dram back to the supply system m certam loading configurations
It is RSPA’s understandmg from prior industry comments that chances of product
contamination make this solution unworkable Metering is also a concem to industry due to
the difficulty of reversing meters @d accounting for product in the wet lines that 1s not
actually supplied to the customer This affects product accounting and gas tax collection In
addition, the potential of shifting risks of a hazardous material mcident to a supply facility
where the consequences might be sig:njﬁcantly greater would have to be assessed

Drain Wet Lines into Slop Tanks at T.oading Facilities

S
While this would reduce the posmblhty of contamination of supply tanks, construction costs
fornew equlpment and systems at loadmg facilities would be high Of even more significance
would be costs associated with product loss With about 18,000,000 shipments per vyear,
assuming product loss of even some fraction of the value of the 30-50 gallons contained in the
wet lines yields an excessive annual cost Potential loading time mcreases add to the total

s
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Additionally, any arrangement of thi§ typé;wiallzhz{\l;é environmental costs associated with it that
must be addressed

H

Protective Guards and Shields for W{at Lines

1

Guards and shields add critical weight to cargo tank motor vehicle construction when used in
conjunction with gasoline transportation (see sensitivities section) Designing guards that are
effective 1n resisting the forces presént m an accident would be difficult If not carefully
designed, it is possible that such devices could mtroduce more risk in the gasoline cargo tank
motor vehicle transportation envﬁo@ent than they would remove Such add-ons to a cargo
tank motor vehicle may improve profectmn of wet lines while significantly increasing the
potential of puncturing the aluminum cargo tank in an accident Similarly, strengthening wet
lines might better protect their contents but could defeat shear features that protect the main
cargo tank compartments

Wet Line Design

Minimmizing wet line lengths to reduce contents and attention to positioning to reduce damage
may have applicability in new design, but is less practical for the large base of existing

vehicles

One interesting option proposed by Weld-It Company, Los Angeles, CA isadding asecond set
of lines that function as loadfng lines to individual compartments They are placed on the
lower part of the tank up from the bottom for accessability but not high enough to be exposed
to damage m case of rollover End compartment lines are extended horizontally (each foot of
4" ID pipmg contains about 2/3 gallén of product) so that they terminate within the 6 foot
envelope specified by API Recommended Practice 1004, “Bottom Loading and Vapor
Recovery for MC-306 Tank Motor Vehicles,” in order that the cargo tank motor vehicle can
be loaded without movement Since the placement is not at the tank low point, they cannot be
used for unloadmg  The advantage of this second set of Imes for loading is that they contain
only approximately one gallon of gasoline each rather than the 30 to 50 gallons in the normal
entire wet line configuration Existing unloading lines would remam empty during

17
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transportation.

An additional concept in a dual line option (loading and unloading) applicable to new
construction would be to intemally place horizontal components of loading lines to minimize
external elements that are exposed The cargo tank itself is used as protection for these
loading line segments in this instance

Use of additional short, stubby loading lines is depicted in Figures 6 and 7 The cost of their
addition is estimated by Weld-1t to be approximately $ 350 per compartment installed, or
$1750 for a 5 compartment cargb tank Added weight for construction material 1s
approximately 8 to 10 pounds per compartment or on the order of 50 pounds per vehicle.

)
~—

Notall risk from wet lines 1s removed by use of this type of ine  Limited amounts of fuel are
retained in the loading line and remain after unloading This has the practical effect of further
increasing vehicle weight It also introduces limited risk during the return segment of
transportation Hornzontal components on retrofit tanks are external and contain additional
fuel It should be possible to design horizontal intemal components for new construction to
empty with the main cargo tank

2 - - « e Figure 6
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. Schematic — Additional

An onboard pumping or purging éyst'gm could be used to move product from the wet lines to

a main tank compartment

The most advanced system of which RSPA is aware is marketed by Cargo Tank Concepts of

Brooklyn, NY Trials by one majorloil company are reported to have been positive

After loading is complete and main cargo compartment valves have been closed, the system

introduces compressed air from an au:%iliaxy tank through an air filter and regulator into the wet
lines Compressed air flows into the lines under low pressure ( 5 psi above atmospheric) and
at a low flow rate (.5 cubic feet per minute) Air flows were small enough and rates low
enough that static electricity is not believed to be a problem Product in the wet lines flows
through product purging lines througﬁ acheck valve into the tank compartments, The purging
process takes about 6 minutes A control box antomatically directs fimctions so that time 1s

not added to the loading operation

Optical sensors detect product in the wet lines and tmme-out features alert operators to
1
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potential problems. One ancillary benefit from a safety perspective that occurred in system
trials and early installations was detection of a leaking main cargo tank valve in a high
percentage of cargo tank motor vehicles.

Cost is roughly $5000 for a cargo tanlic motor vehicle, and one hundred pounds of weight are
added to the vehicle The control box of the wet line purging system is showninFigure 8 The
major oil company will have installed a number of units at two terminals by the end of 1998

According to Cargo Tank Concepts, the o1l company plans to equip a major portion of 1ts
i
company-owned fleet with the system over a 3 year period
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Figure 8

Control Box ~ Wet
Line Purging System
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Other Design Changes

A number of the wet line incidents examined as part of this analysis involved substantial loss
oflading from the cargo tanks Whether this was the result of damage mcurred m the accidents
or the result of leaking main cargo tank valves is often unclear In the case of the former,
design changes to cable routing (useci in about 2/3 of MC 306/ 406 cargo tank motor vehicles,
Reference 6) that controls the internal valves mighthelp avoid or mimimize this problem Sight

20




~ i
T [ i

]
, .
:
t A P
o e i
o LR S [
t sy 5 s '
R A o
. PR

£
i"!

I SU
| 5 Lo ]
- . + i ”]
Cal

\\ :

ﬁ‘,’ , 1 g ;m

glasses in unloadmg lmes mlghi §1m1laﬂy fac111tate procedures to periodically verify the
mntegrity of the internal valves While these changes would not eliminate the dangers inherent
with wet lines, they would help abate'these dangers or, if wet lines were eliminated, reduce
other dangers F

Cost Analysis:
The two most advanced options for eihnmating wet line risks in gasoline transportation that
are being marketed are (1) wet line Pprging systems and (2) alternative short loading lines
Assuming for new construction that uilstalled costs on the wet line purging system could be
brought down to the $2500 per vehicle level, mandating such devices on a 50,000 base of
cargo tank vehicles would result in a one time cost of about $ 125,000,000 if applied to all
vehicles at one time Costs for retrofitting purging systems to existing vehicles are estimated
at $3,500 per truck. Both scenarios would oceur over a period of time, however. Inthe case
of new construction, the span 1s estimated to be over the 30 year estimated useful life of the
cargo tank motor vehicle Retrofit is estimated to occur over 5 years Benefits accrue over
the useful life of the vehicle Annual mamtenance costs are estunated at 5% of the origmal
cost based on the relative complexit:y of the electrical and mechanical components of the
system {(and are based on new system costs for both the new system and retrofit cases)
w

Assumning installed cost of alternative short loading lines is approximately $1400 per vehicle
($350 per tank compartment times an average of 4 compartments per cargo tank motor
vehicle), mandating such devices on a 50,000 base of cargo tank motor vehicles would result
m a one time cost of $70,000,000 1f applied to all vehicles at one time Retrofitting costs
would be similar, however, benefits would be lower because of additional retained fuel
Adjustment of the benefits of the calculated amount to 90% for the new construction case and
70% for the retrofit case might be api:ropnate to account for the fact that not all wet line risk
15 eliminated with this option Annual mamntenance costs are estimated at 1% of the origmal
cost

i
Vehicle weight is a critical aspect 1n gasoline transportation States typically restrict vehicle
weight to the 80,000 pound range Adding 50 pounds of weight in equipment to purge or

i 21




protect wet lines means abo‘ut( 8 gallons of fuel cannot be carried. This translates to
144,000,000 gallons (8 gallons t1m,es 18,000,000 shipments per year) of fuel requiring an
additional 18,000 shipments in the typical 8000 gallon cargo tank motor vehicles annually

An average of 30 miles per shipment results in 540,000 additional truck miles per year, with
additional costs and accident risks associated with these shipments. Valumg these additional

N ¥4
P, i3
L4

miles at $1 per mile to account for vehicle and operator costs would add $ .54 million in
anhual costs to a system adding 50 pounds of weight or $ 1 08 million in annual cost to a
system adding 100 pounds

The added transportation risk using ailarge or medium truck fatality rate of 2 8 deaths (truck
and other motor vehicle occupants and nonmotorists) per 100 million miles results in a traffic
accident fatality increase of 0 015 fatalities per vear in the case of an additional 50 pounds of
added weight or 0 030 fatalities per year for an additional 100 pounds of weight These are
considered negligible for the purposes of this analysis

Figure 9 compares the present value:: of costs and benefits on an average annual basis for
retrofitting purging systems or short loading lines Table 2 summarizes estimated costs and
risk avoidance by options Both include investment, maintenance and repair, and weight
penalties costs, |

781,669

. $2.§L8[T43
~id
, 51.;!&2?64 58&%’{‘5
Costs Benef’ts Costs for Benefits
Purgmg Purging Short for Short

System System Loading Loading
Lines Lines

Figure ©
Present Value on an Average Annual Basis for Costs and Benefits for Retrofitting
Purging Systems or Short Loading Lines
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Appendix 4 pro.\;ides a more detdiled breakout of ‘cost and benefit figures, and serves as the
basis for Figure 9 and Table2 Base case analysis of options in Appendix 3 use a real discount
rate of 7% in accordance with OMB Circular No A-94 (Reference 7). An alternate case
analysis was also done using a real discount rate of 3.5% to try to more closely approximate
an inflation adjusted view of the value of capital based rather than an investment decision
approach Themost favorable alternate case analysis from a benefits to cost ratio 1s included,
however, they did not differ significantly from those of the base case

Application of requirements during new construction reduces costs in the case of the wet line
purging system and allows amore full appreciation of benefits in the short loading line option
In general, deferring costs results in lower costs and better benefit to cost ratios, 1t also
defers and lower benefits. Even in the most favorable option (short loading lines mn new
construction), costs exceed benefits by a factor of about 3 to 1

|
The cost to eliminate wet lines in gasollme transportation would add less that 1/100 of one cent
to the price of gasoline. The average bill would be a few cents a year to each American
consumer Nevertheless, when the present value of all costs are considered, the impact of
regulations to eliminate wet lines in gasoline transportation would likely approach 100 million
dollars over the life of any system for this purpose

|
'
i

Sensitivities and Uncertainties: |

Assumptions for annual fatality, injury, and damage risks pertaming to wet lines in gasoline
transportation used m this analysis are such that estimates may be on the high side or worst
case However, fatalifies to date hav:e mvolved automobiles with single occupants Multiple
occupants or families mvolved m such incidents would likely push numbers higher On the
other hand, using only known fataiities and injuries attributable to wet lines and known
estimates of damages would result in average annual cost avoidance or benefits of less than
$2 0 million (which would be further reduced if the overpass damages in the Yonkers fatality
were considered unrepresentative), or about 2/3 of the figure used m this analysis Southwest
Research Institute (Reference 6) estimates the fatality rate due to wet lines at about one every
eleven years They also state, w1thc;ﬁt elaboration, that based on further information that the
fatality rate could be ashigh as 1 5 peryear Estimates developed and used in this analysis fall

*1 24




Any solution that adds operating time to either the loading or unloading process will be
difficult to justify With roughly 18,000,000 shipments per year, even a solution that adds
operating time with a value of over 25 cents per shipment results in an annual cost of
$4,500,000, which exceeds the estimated annual value of fatalities, injuries, and damages that
might be avoided '

A unit cost of about $600 per cargo tank truck motor vehicle that eliminates the wet line risk
approaches the range where consideration is justified based on a strict iterpretation of benefit
and cost guidelines -- provided other costs do not increase and risks are not shifted

Thus analysis does not consider costs of environmental damage Nor does it consider the costs
of litigation, evacuations, or closures A draft risk assessment (Reference 8) prepared for the
Office of Motor Carriers, Federal Highway Administration, examining the impacts of Class
3 (flammable and combustible 11q1i1ds) hazardous material incidents, estimates the impact
directly related to the hazardous material cargo to be apportioned approximately 40% to
fatality and mnjury cost and 60% to délay, evacuation, cleanup, product loss, carrier damage,
property damage, and environmental damage costs A factor of2 5 could have been applied to
wet line fatality and injury costs to estimate other impacts of wet lines; however, a substantial
portion of these impacts are caused by the very fact that an accident with a cargo tank motor
vehicle carrying gasolne has occurred and would result whether loading and unloading lines
contamed fuel ornot A doubling of the fatality and injury cost to account for other effects,
rather than using carrier reported damage amounts and the $7 million to rebuild an overpass
mthe Yonkers, NY, mcident would result in a cost avoidance value from prohibiting wetlmes
of $ 4 4 million per year )

The analysis calculates a weight pen;alty with the assumption that there would always be a
displacement of fuel with added equiljamentwmght This may not be a factor when vehicles do
not approach highway weight limits or when they are not fully loaded Perhaps this penalty
should have been applied to only one-half or three-quarters of the vehicles. This approach
would yield a benefit to cost ratio of 0 35 rather than 0 33 m the most favorable option from

v

this standpont
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It is conceivable that added systems or loading lines niight pose risks apart from those they are
intended to eliminate, For instance, additional loading lines provide additional tank openings
that might be affected in rollovers or collisions. We assume these lines can be located and
protected such that any added risks of a different nature are negligible; however, there is a

degree of uncertainty in this conclusion and benefits could be partially offset if these risks
prove other than theoretical '

N

v

Wet line incidents (and resultant fire from the loss of fuel m this segment) could function as
a catalyst for larger cargo tank fires (where ignition would not have otherwise occurred) where
there 1s loss of life or major ijury ‘Thus 15 a difficult scenario to detect and might be masked
in the incident reports and overall statistics The immediate hazard zone due to a pool fire for
a spill of 50 gallons of gasolme from wet lmes is illustrated m Appendix 5 The heat content
of this amount of fuel is unlikely to cause an explosion of the tank contents, however, bum
through of the aluminum tank above the liquid line is apossibility A leaking main cargo valve
(preexasting or caused by the accident) or other leaking due to cargo tank damage caused by
the accident could enhance any fire which may not have occurred absent arelease of fuel from
the wetlmes The 10/09/97 Yonkers, NY, incident may fall in thus category If this situation
1s routine rather than atypical, the benefits of prohibiting unprotected wet lines in gasoline
transportation could be sigmficantly greater

vl
vl

Conclusion:

A determination of the proper course of action based on the risk from wet lmes and the costs
to correct problems 1s in a grey area, particulatly considermg the uncertainties inherent in
examination of a probabalistic case where data are sometimes deficient Risksarehighenough
to warrant attention, but costs that Would be incurred to elimmnate wet lines or mitigate the
hazards are such that general benefit and cost guidelines are exceeded

Solutions that apply to new construction or occur at major overhauls of cargo tank motor
vehicles may have the most merit. Costs are minimized and risks are reduced gradually -- but
since risks are already at a relatively low level this tradeoff may be appropriate  Production
of new cargo tank motor vehicles for flammable liquids is less than 2000 per year
Hydrostatic pressure testing and internal visual inspections are required every 5 years on MC

i
i
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306 and DOT 406 cargo tank motor vehicles and miéht offer one time frame to consider
modifications required by regulation -

'Je

Prohibition of wet lines in certain high risk environments, such as high traffic or accident rate
areas, may be particularly beneficial while such a course may represent good practices in a
general sense.

vl

Possible Future Actions: ‘
Three possible future courses of ac;’uon, based on the level of risk of wet lines mn the
transportation of flammable and combustible liquids and the costs to eliminate these risks, are
described below

R
LA

(1)  Decide that risk and cost / benefits do not conclusively point to action, but are
in a range that ralemaking is in order Such a course would help better define
risks and costs and formally take into account input of affected parties in
industry and the publié

(2) Deferadecisionat this tune Publicize and closely monitor and evaluate trials
or early industry installations of systems ammed at eliminatmg wet line
problems Sponsor research, preferably in partnership with industry, aimed at
developng concepts, Actively work with cargo tank motor vehicle
manufacturers to better determine what might be possible in the way of
mncreasing protection f%)r wet lines and reducing dangers in an accident Gather
better data on wet line incidents Reevaluate the state of progress at the end of
24 months. |

1

}
[

(3) Determine that wet line risks and costs for corrective action do not warrant
regulatory action.

27
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Appendix 2
, Source: Reference 9
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Probability of fatalities resulting from highway transportation of
gasoling for a 10-year period, Average fatality statistics are also
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Appendix
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listed, ‘

Fatalities Probability Fatalities Probability
60 > 0.996 140 0.049
70 '0.99 150 0.019
BO 0.95 160 0.0070
80 0.83 170 0.0024
100 0.64 180 0.00077
116 G.41 180 0.00024
120 '.0.23 200 6.7E-05
130 011 220 <1.0E-06

Median number of fatalities 106
Average number of fatalities 108
0.00063

Average number. of fétalities per 10° ton miles
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’ Appéﬁdii 3

Hazardous Materials Incidents, 1990-1997
Fatalities by Hazard Class / Hazardous Material

1

‘Hazard Class " Number of Fatalities
Hazardous Matenal 1980 1891 1992 1993 1994 1995 1996 1997 “Total
"Combustibie Liquid 3 ‘2 ] 0 ‘o o 2 e 7
Combustible Liguld n o.s. 3 . . 3
Fuel Qil Na 1,2,456 N 2 - 1 “ 3
Petroleum Distillate 1 1
Flammable Gas 0 0 3 o 1 2 o 3
Acatylene Dissolved ‘ 1 . 1
Petroleum Gases Liquefied ) . 3 - 2 3 a
"Poisonous Gas ) ‘o ‘o ) ] ‘0 ‘2 0 ‘2
Ammonia Anhydrous . " 1 1
Chicnne ' 1 1
"Flammable - GombustibleLlqgud 5 '8 12 15 8 5 8 B 68
Alcoholsno s - . 1 1
Asphalt 1 L 1
Denalured Alcchol . 1 . 1
Flammable Liquldsnos e - 1 1 2
Fusl Aviaton Turbine 1 1 . 2
Gasoline ‘4 8 10 12 2 4 4 6 57
Hydrocarbons Liquld n.o.s N . 1 1
Paint 1 . . i
Paint Related Material . 1 1
Petroleun Crude CIl o - 1 M e 1
- Il
" Oxidizer o o ) ‘e o 0 110 ‘o 110
Oxldizing Solidn 0.8 110 .. 110
" Miscellaneous Hazardous ‘o o o ‘o 1 ‘0 ‘o0 ‘o 4
Elevated Temp Matenal Liguid .. . ]
"Total 8 10 15 15 N 7 1200 1 197
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Installation Maintenance

Cost
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667
$4,166,667

Cost
208,333
416,667
625,000
833,333

1,041,667

1,250,000

1,458,333

1,666,667
1,875,000
2,083,333
2,291,667
2,500,000
2,708,333
2,916,667
3,125,000
3,333,333
3,541,667
3,750,000
3,958,333
4,166,667
4,375,000
4,583,333
4,791,667
5,000,000
5,208,333
5,416,667
5,625,000
5,833,333
6,041,667
6,250,000
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-~ Present Value Analysis

|
Weight
Penalty
Cost
$36,000
$72,000
$108,000
$144,000
$180,000
$216,000
$252,000
$288,000
$324,000
$360,000
$396,000
$432,000
$468,000
$504,000
+ $540,000
, $676,000
1 $612,000
$648,000
$684,000

. $720,000

, $756,000
$792,000
$828,000
$864,000
$900,000

. $936,000

. $972,000

$1,008,000

$1,044,000
$1,080,000

1

v f
Analysts assumes all benefits and costs accrue at middle of year

32

L

Base Case Pi'esgnt Value of Benefits and Costs
Purging System, New Construction Option

Real DiscountRate= 7 00%
Present Present
Discount Value Value
Benefit Factor Costs Benefit
$100,000 09662  $4,261,836 $96,618
$200,000 09030  $4,203,651 $180,5695
‘ $300,000 08439 $4,134,839 $2563,171
$400,000 07887 $4,057,040 $315,477
$500,000 07371 $3,971,723 $368,548
$600,000 06889  $3,880,206 $413,325
$700,000 06438  $3,783,665 $450,666
$800,000 06438 $3,940,969 $515,047
$000,000 06017  $3,830,162 $541,5622
$1,000,000 05623 $3,716,986 $562,328
$1,100,000 05255  $3,602,225 $578,004
$1,200,000 04912  $3,4856,572  $589,390
$1,300,000 04590 $3,370,634 $596,735
$1,400,000 04290 $3,254,944 $600,586
$1,500,000 04009 $3,139,964 $601,398
$1,600,000 03747 $3,026,008 $599,524
$1,700,000 03502 $2,913,692 $595,322
$1,800,000 03273  $2,803,042 $589,104
$1,900,000 0 3059 $2,694,400 $581,151
$2,000,000 02859 $2,587,976 $571,718
$2,100,000 02672 $2,483,944 $561,031
$2,200,000 02497 $2,382,448 $549,296
$2,300,000 02333 $2,283,602 $536,696
$2,400,000 02181 $2,187,491 $523,393
$2,500,000 02038 $2,094,183 $509,534
$2,600,000 © 1905 $2,003,721 $495,248
$2,700,000 01780  $1,916,132 $480,650
$2,800,000 01664 $1,831,428 $465,843
$2,900,000 01555 $1,749,606 $450,916
$3,000,000 01453  $1,670,651 $435,048
Total: $91,263,832 $14,608,884
Benefit/Cost Ratio: 0.16
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Installation Maintenance

Cost
$35,000,000
$35,000,000
$35,000,000
$35,000,000
$35,000,000

Cost
$1,250,000
$2,500,000
$3,750,000
$5,000,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
$6,250,000
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resent Value of Benefits and Costs
Purging System, Retrofit Option
Real Discount Rate =
Weight Present
Penalty Discount Value
Cost Benefit Factor Costs
<$216,000 $600,000 09662 $35,232,850
| $432,000 $1,200,000 09030 $34,251,659
$648,000 $1,800,000 08439 $33,248,057
$864,000 $2,400,000 07887 $32,229,175
$1,080,000 $3,000,000 07371 $31,201,309
$1,080,000 $3,000,000 06889 $5,049,458
$1,080,000 $3,000,000 06438 $4,719,119
$1,080,000 $3,000,000 0.6438 $4,718,11¢8
.$1,080,000 $3,000,000 06017 $4,410,392
$1,080,000 $3,000,000 © 5623 $4,121,862
$1,080,000 $3,000,000 05255 $3,852,207
$1,080,000 $3,000,000 04912 $3,600,194
$1,080,000 $3,000,000 04590 $3,364,667
$1,080,000 $3,000,000 04290 $3,144,548
$1,080,000 $3,000,000 04009 $2,938,830
$1,080,000 $3,000,000 03747 $2,746,570
$1,080,000 $3,000,000 0 3502 $2,566,888
$1,080,000 $3,000,000 0 3273 $2,398,961
$1,080,000 $3,000,000 0 3059 $2,242,020
$1,080,000 $3,000,000 02859 $2,095,345
$1,080,000 $3,000,000 02672 $1,058,267
$1,080,000 $3,000,000 02497 $1,830,156
$1,080,000 $3,000,000 02333 $1,710,426
$1,080,000 $3,000,000 02181 $1,598,529
$1,080,000 $3,000,000 02038 $1,493,952
$1,080,000 $3,000,000 01905 $1,396,217
$1,080,000 $3,000,000 01780 $1,304,876
$1,080,000 $3,000,000 0 1664 $1,219,510
$1,080,000 $3,000,000 01555 $1,139,729
$1,080,000 $3,000,000 01453 $1,065,167
i
| Total: $232,850,060
Benefit/Cost Ratio: 0.15

1

Analysis assumes all benefits and costs accrue at middle of year

33

7.00%

Present
Value
Benefit
$579,710
$1,083,570
$1,519,024
$1,892,865
$2,211,290
$2,066,627
$1,931,427
$1,831,427
$1,805,072
$1,686,983
$1,576,620
$1,473,476
$1,377,081
$1,286,991
$1,202,796
$1,124,108
$1,050,568
$981,839
$917,607
$857 577
$801,473
$749,041
$700,038
$654,241
$611,440
$571,439
$534,056
$499,117
$466 465
$435,948

$34,579,915
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enefits and Costs

Short Loading Lines, New Construction Option

Installation Maintenance

Cost
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333
$2,333,333

Cost
23,333
46,667
70,000
93,333

116,667
140,000
163,333
186,667
210,000
233,333
256,667

280,000

303,333
326,667
350,000
. 373,333
396,667
420,000
443,333
466,667
490,000
513,333
536,667
560,000
583,333
606,567
630,000
653,333
676,667
100,000

1
1

V\:leight

Penalty

Cost
. $37,440
$74,880
$112,320
. $149,760
. $187,200
1$224,640
$262,080
$299,520
$336,960
$374,400
$411,840
$449,280
$486,720
'$524,160
$561,600
'$599,040
$636,480
$673,920
$711,360
$748,800
- $786,240
' $823,680
$861,120
$898 560
' $936,000
$973,440
$1,010,880
$1,048,320
$1,085,760
$1,123,200

1

‘
1

Analysts assumes all benefits and costs accrue at middle of year
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[90%]
Benefit

Real Discount Rate =

Discount
Factor

$90,000
$180,000
$270,000
$360,000
$450,000
$540,000
$630,000
$720,000
$810,000
$900,000
$990,000
$1,080,000
$1,170,000
$1,260,000
$1,350,000
$1,440,000
$1,530,000
$1,620,000
$1,710,000
$1,800,000
$1,890,000
$1,980,000
$2,070,000
$2,160,000
$2,250,000
$2,340,000
$2,430,000
$2,520,000
$2,610,000
$2,700,000

Total:

0 9662
098030
08439
07887
07371
06889
06438
06438
06017
0 5623
05255
04912
04590
04290
04009
03747
0 3502
03273
0 3059
02859
02672
02497
02333
02181
0 2038
0.1905
01780
0 1664
01555
0 1453

Benefit/Cost Ratio:

Present
Value
Costs

$2,313,147
$2,216,696
$2,122,965
$2,032,011
$1,043,872
$1,858,568
$1,776,106
$1,815,232
$1,733,045
$1,653,843
$1,577,587
$1,504,229
$1,433,718
$1,365,995
$1,300,987
$1,238,657
$1,178,906
$1,121,671
$1,066,879
$1,014,456
$964,326
$916,413
$870,642
$826,937
$785,225
$745,431
$707,484
$671,311
$636,843
$604,011

$39,997,203

0.33

7.00%

Present
Value
Benefit
$86,957
$162,536
$227,854
$283,930
$331,694
$371,993
$405,6800
$463,542
$487,369
$506,095
$520,284
$530,451
$537,061
$540,536
$541,258
$539,572
$535,790
$530,183
$523,036
$514,546
$504,928
$404,367
$483,026
$471,054
$458,580
$445,723
$432,585
$419,259
$405,824
$392,354

$13,147,996
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Short Loading Lines, Retrofit Option

Installation Maintenance

Base Case-Presént Value of Beneflts and Costs

Year Cost Cost
1 $14,000,000 $140,000
2 $14,000,000 $280,000
3 $14,000,000 $420,000
4 $14,000,000 $560,000
5 $14,000,000 $700,000
6 $700,000
7 $700,000
8 $700,000
9 $700,000
10 $700,000
" $700,000
12 $700,000
13 $700,000
14 $700,000
15 $700,000
16 $700,000
17 $700,000
18 $700,000
19 $700,000
20 $700,000
21 $700,000
22 $700,000
23 $700,000
24 $700,000
25 $700,000
26 $700,000
27 $700,000
28 $700,000
29 $700,000
30 $700,000

. Real Discount Rate =
Weight Present
Penalty [70%] Discount Value

Cost Benefit Factor Costs

$224640 $420,000 09662 $13,878,879

$449,280 $840,000 09030 $13,300,176
$673,920 $1,260,000 08439 $12,737,792
$898,560 $1,680,000 07887 $12,192,067
$1,123,200 $2,100,000 07371 $11,663,230
$1,123,200 $2,100,000 06889  $1,255,958
$1,123,200 $2,100,000 086438 $1,173,792
$1,123,200 $2,100,000 06438  $1,173,792
$1,123,200 $2,100,000 06017  $1,097,002
$1,123,200 $2,100,000 05623  $1,025,236
$1,123,200 $2,100,000 05255 $958,164
$1,123,200 $2,100,000 04912 $895,481
$1,123,200 $2,100,000 04590 $836,898
$1,123,200 $2,100,000 04290 $782,147
$1,123,200 $2,100,000 04009 $730,979
$1,123,200 $2,100,000 03747 $683,158
$1,123,200 $2,100,000 03502 $638,465
$1,123,200 $2,100,000 03273 $596,697
$'i ;123,200 $2,100,000 03059 $557,660
$1,123,200 $2,100,000 02859 $521,178
$1,123,200 $2,100,000 02672 $487,082
$1,123,200 $2,100,000 02497 $455,217
$1,123,200 $2,100,000 02333 $425,436
$1,123,200 $2,100,000 02181 $397,604
$1,123,200 $2,100,000 02038 $371,593
$1,123,200 $2,100,000 01905 $347,283
$1,123,200 $2,100,000 01780 $324,563
$1,123,200 $2,100,000 01664 $303,330
$1,123,200 $2,100,000 07555 $283,486
$1,123,200 $2,100,000 01453 $264,940
Total: $80,359,288
Benefit/Cost Ratio: 0.30

¢
1

f
1
il
s
1

Analysis assumes all benefits and costs accrue at middle of year

1
i
i
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1
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1
|
1

7 00%

Present
Value
Benefit
$405,797
$758,499
$1,063,317
$1,325,005
$1,547,203
$1,446,639
$1,351,909
$1,351,999
$1,263,550
$1,180,888
$1,103,634
$1,031,433
$963,956
$900,894
$841,957
$786,876
$735,398
$687,288
$642,325
$600,304
$561,031
$524,328
$490,027
$457,969
$428,008
$400,008
$373,839
$349,382
$326,525
$305,164

$24,205,941




Installation
Cost
$14,000,000
$14,000,000
$14,000,000
$14,000,000
$14,000,000
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Alternate Case Present Value of Benefits and Costs
Short Loading Lines, Retrofit Option

Maintenance
Cost
$140,000
$280,0Q0
$420,000
$560,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000
$700,000

'
i
i

" Weight

Penalty
Cost

[70%]
Benefit

$224,640

$449,280

$673,920

$898,560
$1,123,200
$1,123,200
$1.123,200
$1,123,200
$1,123,200
$1,123,200
$1.123,200
$1,123,200
$1,123,200
$1,123,200
$1,123,200
$1,123,200

$420,000

$840,000
$1,260,000
$1,680,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000
$2,100,000

$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000
$1,123,200 $2,100,000

1$1,123,200 $2,100,000

$1,123,200 $2,100,000
$1,123,200 $2,100,000

Total:

Real Discount Rate =

Discount
Factor
09828
Q9496
09175
0 8864
0 8565
08275
07995
07995
07725
07464
07211
06967
06732
06504
06284
06072
0 5866
0 5668
05476
0 5291
05112
04939
04772
0 4611
0 4455
0 4304
04159
04018
0 3882
03751

‘ Benefit/Cost Ratio:

Analysis assumes all benefits and costs accrue at middle of year

\ 36

Present
Value
Costs

$14,117,682
$13,986,426
$13,847,996
$13,702,934
$13,551,847
$1,5608,684
$1,457,665
$1,457.665
$1,408,372
$1,360,746
$1,314,731
$1,270,271
$1,227 315
$1,185,812
$1,145,712
$1,106,968
$1,069,534
$1,033,366
$998,422
$964,659
$932,037
$800,519
$870,067
$840,644
$812,217
$784,750
$758,213
$732,573
$707,800
$683,865

$95,739,390

0.38

350%

Present
Value
Benefit
$412,776
$797,636
$1,1565,994
$1,489,203
$1,798,554
$1,737,733
$1,678,969
$1,678,869
$1,622,193
$1,567,336
$1,514,334
$1,463,125
$1,413,647
$1,365,843
$1,319,655
$1,275,029
$1,231,912
$1,190,283
$1,150,003
$1,114,114
$1,073,540
$1,037,237
$1,002,161
$968,272
$935,528
$903,892
$873,326
$843,793
$815,259
$787.,690

$36,214,973




Hazard zones are calculated using ARéHIE for a 50 gallon spill of gasoline. Note that effects
can be enhanced by other flammable or combustible materials, such as materials or gasoline
in an automobile

1

The IDLH (Immediately Dangerous t& Life or Health) boundary zone are computed usmg
ALOHAmM
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“Collision of Tractor/Cargo Tank Semitrailer and Passenger Vehicle and Subsequent

Fire, Yonkers, New York, October 9, 1997, Highway/Hazardous Materials Accident

Summary Report, Adojntéd May 5, 1998, National Transportation Safety Board,

NTSB/HAR-98/01/SUM

“Petroleum Liquids Transpbltétion,” The National Petroleum Council, April, 1989
“\

“Hazardous Materials Shipment,” The Office of Hazardous Materials Safety, Research

and Special Programs Admmistration, U.S Department of Transportation, August,

1998 '

“Truck and Bus Crash Factbook, 1995," The University of Michigan Transportation
Research Institute, UMRTI-97-30, September, 1997

“An Assessmentofthe Risk‘ of ’I:?ranspomng Gasolineby Truck,” R E Rhoads, Pacific
Northwest Laboratory, PNL-2133, November, 1978

“ Alternatrve Means of Loading Cargo Tank Motor Vehicles,” Donald E Ketchum,
ErnestP Bergmann, William J Astleford, Southwest Research Institute, SwRI Project
No 04-5545-401, Prepared for American Petroleum Institute, February, 1994

“Guidelines and Discount Rates for Beneﬁt;COStAnalyms of Federal Programs,” OMB
Circular No A-94, October 29, 1992

“Hazardous Materials Risk Assessment — Year Portrait of Hazardous Materials
Accidents/Incidents and Impacts,” Battelle, DRAFT, November, 1998

“A National Risk Assessmentfqr Selected Hazardous Materials m Transportation,” D
F Brown and W E Dunn, University of Illinois, DRAFT, May, 1998

il

38




