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METHOD AND ARRANGEMENT FOR INSPECTION AND
REQUALIFICATION OF LINED VEHICLES USED FOR TRANSPORTING
COMMODITIES AND/OR HAZARDOUS MATERIALS

BACKGROUD OF THE INVENTION
FIELD OF THE INVENTION

The 1invention relates generally to safety inspections and requalification of
transport arrangements. More specifically, the invention relates to a method and
arrangement tor the inspection and requalification of tank cars and the like type of
cargo-carrying vehicles adapted to transport commodities including regulated and un-

regulated matenals.

DESCRIPTION OF THE RELATED ART

In order to improve the level of safety and security with which
hazardous matenals, as defined by the U.S. Department of Transportation (DOT)
can be transported from one place to another, it has been proposed to increase the
requirements for the qualification and maintenance of tank cars which are used to
transport such materials along the rail systems of the country. These
requirements, while initially appearing to cover essentially all aspects of the
Inspection process, still leave many stones unturned. For example, even though

the Department of Transportation has set forth requirements specifying the types of
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tests which are deemed necessary for tank car carrying regulated commeodities (1.€. as set
forthin 49 C.F.R §§ 180.501 — 180.519), the actual manner in which the tests are to be
carried out has not been defined in terms sufficiently specific to detail just what type of
tests are required, how these tests need to be actually carried out to ensure that all of the
features and structures which tend to be at high risk, are examined in a proper manner and
how data derived from these tests should be evaluated and interpreted.

In other words, a worker skilled in the art of inspecting tank cars, even with many
years of experience, would need guidance as to the totality of parameters to test, such as the
number of sites to examine or the equipment or tests to be implemented, as well as
acceptance criteria conservatively correlating the conditions observed during the inspection
to an acceptable operating condition at the end of an inspection cycle term. For example,
conventional testing methodology such as hydrostatic testing detects only through-wall
cracks and some tanks actually fail shortly after being hydro-tested. Further, it has been
found that the inspection cycle which is used in connection with the inspections has not
been developed with any consideration as to the actual risk of failure, and the data which s
gleaned from even relatively detailed inspection 1s not used/analyzed in a manner which
would lead toward tank car safety.

This shortcoming is evident in the regulatory guidance provided for the inspection
of linings and coatings of rail cars. Generally, linings are sheets of matenal, such as
laminated material, glass, or fused metal, applied to the interior of a tank car to act as a
barrier between the base metal and the commodity. Coatings are any paint type protective

covering applied in one or more coats to the interior of a tank car to act as a barrier between

the base metal and the commodity.
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Appendix B to DOT-E 12095, § 180.509(1)(11-16-98 version), Alternative Tank
Car Requalification Program, provides a listing in Attachment A of materials considered
corrosive to carbon steel tanks or service equipment including for example, vartous types of

acids, such as hydrochloric acids and sulfuric acids.
5  Forexample, 49 C.F.R § 180.509 (10-1-99 edition) states:

(1) Lining and coating inspection and test. When this subchapter requires a
lining or coating, at a minimum, each tank car facility must inspect the lining or
coating installed on the tank car according to the inspection interval {sic: interval, ]
test technique, and acceptance criteria established by the owner of the lining or

10 coating 1n accordance with paragraph (c)(3)(111) of this section.

Similarly,49 C.F.R § 180.509(c)(111)(A) (10-1-99 edition) states, in part:

(A)  When a lining or coating is applied to protect the tank shell from the lading,
the owner of the lining or coating shall determine the periodic inspection interval,
15 test technique, and acceptance criteria for the lining or coating.

Likewise, the Alternative Tank Car Requalification Program, Appendix B to DOT-E
12095, § 180.509(1)(11-16-98 version), states in part:

20 (1) Each lining or coating owner shall ensure for the qualification ot a lining or
coating used to protect the tank from a material listed in Attachment A of this
alternative program (1.e., materials corrosive to the tank). The owner of the lining
or coating shall establish and maintain a record of the service life of the lining or
coating and commodity combination. Before July 1, 2006, the owner of the lining

25 shall use their knowledge of the lining or coating and commodity pairing to
establish an appropriate inspection interval. After July 1, 2006, the owner of the
lining shall use the information in these records to determine the appropnate
inspection interval for each lining or coating and commodity pairing. . . .

30 (2) The owner of the lining or coating shall provide the test method and acceptance
criteria for the lining or coating to the tank car owner and to the person responsible
for qualifying the method or coating.

There is. accordingly. a need for a systematic method to compile. analyze, and record

35 nformationregarding a tank car lining or coating and service environment in a form which

(s
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will enable the condition of the tank car lining or coating status inspected to be tracked over
a period of time to permit an accurate estimation of lining or coating condition at any given
time. Itis therefore evident that there 1s a need for some form of highly detailed

instructions sufficient to enable those skilled in the art to perform an inspection of the tank

car lining or coating 1s required.

SUMMARY OF THE INVENTION

The invention enhances the use, lease or sale of the units, with a high degree of
confidence by providing a method of inspecting DOT specitication tank cars, American
Association of Rail ("AAR") regulated tank cars and like type vehicles which are used to
transport commodities including both regulated (e.g. hazardous) and un-regulated matenals
that, at the very least, meets and/or exceeds currently imposed tederal government

standards and provides a level of certainty with respect features and structures that tend to

be at high risk.

As will be appreciated from the preceding and following disclosure, a first aspect of
this invention resides in a test procedure for inspecting a vehicle adapted to transport
commodities. This test procedure includes steps of inspecting a lining disposed 1n a tank of
a tank car and comparing at least one of cracks, blisters, and corrosion conditions on the
liner with predetermined models, wherein the predetermined models convey a discrete
range of severity levels of the cracks, blisters, and corrosion conditions. Based on this
comparison, a severity level for such compared condition(s) are determined and recorded.
In an aspect thereof are also included the steps of cross-referencing the compared condition

severity level with indices indicative of the corrosiveness of a commodity to be transported
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in the tank to determine if lining repair is required, wherein the indices indicate a repair
dispositionif any one of the cracks, blisters, and corrosion exceeds a predetermined
minimum threshold for a specified commodity corrosiveness. Accordingly, an accept or
repair dispositionto the lining 1s assigned.

In another aspect thereof, following inspection of the lining and determinationand
recording of a sevei‘ity level for each of the compared conditions, a percentage of lining
complete extended life cycle for a lining inspected may be determined and may be used to
equate the combined defect severity level of a plurality of the compared conditionsto one
of a plurality of discrete lining condition values. The combined defect severity level may
include a combination of any of the defect conditions, such as cracking and corrosion.

Still another aspect of the invention includes a method of standardizing a test
procedure for inspecting a vessel adapted to contain commodities, including detining at
least one defect type, defining a plurality of defect seventies within the detect type, and
generating a model of each of the defect severities within the defect type. Each of these
models is then correlated to a corrosiveness of a transported commodity to determine a
repair disposition of the lining in relation to the models. In an aspect thereof, additional
steps of defining a plurality of defect types including at least two members selected trom
the group of cracks, blisters, corrosion. dry film thickness, and discoloration and defining a
plurality of defect severities within each of the plurality of defect types are performed. A
model of each of the defect severities within each of the plurality of defect types 1s
eenerated and each of plura]ity of defect types 1s correlated to a corrosivenessof a
transported commodity to determine a repair disposition of the lining 1n relation to the

models.
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Additional features and advantages of the invention will become readily apparent to
those skilled in the art from the following detailed description, wherein only several
embodiments or applications of the invention are shown and described. simply by way of
illustration of modes contemplated for carrying out the invention. As will be realized, the
invention is capable of other and different embodiments, and 1ts several details are capable
of modifications in various obvious respects, all without departing from the invention.

Accordingly, the drawings and description are illustrative in nature and are not imiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the present invention will become more
clearly appreciated as a detailed description of a preferred embodimentis given with
reference to the appended drawings, wherein:

Fig. 1 is a side view showing a typical tank car configuration;

Fig. 2 is a schematic representation of a tank car being inspected robotically using
an arrangement which could be used with the present invention in order to assist in
inspecting/measuring the interior of a cylindrical vessel that forms a vital part of the tank
car structure;

Fig. 3 is a further schematic view of the arrangement shown in Fig. 1, showing the
manner in which the robotic arm can extend and bend about one or more of a plurality of
joints and reach into the nooks and crannies of the interior of a tank;

Fig. 4 is a flowchart illustrating a method of standardizing a test procedure 1n
accord with the invention.

Fig. 5 is a flowchart illustrating a method of inspection in accord with the invention.
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Fig. 6ais a table showing lining system operating characteristics.

Fig. 6b is a table showing a liner condition acceptability matrix in accord with the
invention.

Fig. 7 shows a table used to assign a liner condition value in accord with a
remaining life of the tank and inspection results.

Fig. 8 shows models generated in accord with the invention for a blistering defect

condition.

Fig. 9 shows models generated in accord with the invention for a cracking detect

condition.

Fig. 10 shows models generated in accord with the invention for a corrosion defect

condition.

Fig. 11 is a block diagram depicting a computer system upon which an embodiment

of the invention may be implemented.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 depicts a typical tank car which is subjected to examination and
requalificationaccording to the present invention. As shown this vehicle, which 1s used to
transport commodities, consists basically of a tank structure 100 and wheeled carnages 110
connected to the underside thereof. It should be noted that, irrespective of the type of tank
car which is involved, the tank per se is invariably a self-contained structure sufficiently
rigid/strong to support not only its own weight but the weight of the cargo which 1s
introduced into the tank. The understructure includes two or more wheeled carriage

members or bogies 110 secured to the tank, such as by connectors or by the weight of the
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tank itself, to complete the basic unit. While various other conventional structures
such as a hatch 120, ladder 130, etc., are 1llustrated, these elements will for brevity not
be discussed.

Figs. 2 and 3 schematically depict a tank car being inspected robotically via
an arrangement which provided in U.S. Patent No. 5,956,077 1ssued on September 21,
1999 to Qureshi et al. As shown, the tip of the snake-like probe 200 is provided with
a sensor 210. Sensor 210 can, for the purposes of the present invention, take the form
of an ultrasonic sensor or any other form of non-destructive sensing arrangement.
Alternatively and/or 1n addition to the sensor, the tip can be provided with a camera
and powerful 1llumination means for facilitating tank interior inspection. This type of
arrangement has merit 1in the istances that the tank has not been cleaned out to the
degree that 1t 1s safe for a person or persons to physically enter the tank and perform
the required 1nspections, tests and data recordation. Non-limiting examples of sensor
types and configurations compatible with the present invention are provided in United
States Patent No. 5,256,966 1ssued on October 26, 1993 United States Patent No.
5,036,707 1ssued on August 6,1991 to Paciej et al.; United States Patent No.
4,368,644 1ssued on January 18, 1983 to Wentzell et al.; United States Patent No,

4,658,649 1ssued on April 21, 1987; United States Patent No. 5,648,619 issued to
Gustafsson et al. on July 15, 1997; United States Patent No. 4,490,833 issued to
Inomata et al. on December 25, 1984; or United States Patent No. 5,619,423 issued on

Apnl 8, 1997 to Scrantz.
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It 1s to be noted, however, that these arrangements are only exemplary of
devices/arrangements which can be used to inspect, repair both the interior and the exterior
of the tanks and associated structural components, such as under frame, carriage, or wheels.
It 1s to be further noted that these arrangements are only ancillary with respect to the crux
of the invention which is seen as residing in the procedures and requirements set forth
below. These procedures and requirements, although augmentable by sensors for various
reasons including the safety of those implementing the procedure, do not necessarily
require sensors and may equally be accomplished visually in conformance with applicable
regulations, such as OSHA regulations, governing visual inspection of hazardous
containers or "closed containers”.

In accord with the method herein, there 1s laid out a systematic process to gather
and record information suitable for short-term operability determinations, such as a
pass/tail test, as well as long-term trending and analysis. This is accomplished, generally,
by correlating observed defects to predetermined models, which are in turn correlated to
other parameters of interest to determine a lining condition and to set an appropriate
inspection pertod for a subsequent lining inspection. Such correlation is advantageously
etfected by means of an indices or matrices setting forth the relations between, for example,
observed defect conditions on one axis, a parameter of interest on another axis, and the
condition to be determined within the data field (e.g., lining acceptance/rejection
disposition). This data format provides rapid identification of the appropriate inspection
period or repair indication. but is not limited in structure or concept thereto. Examples of

preterred matrices are shown in FIGS. 6a and 7.
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Prior to execution of the method of inspection in accord with the invention, a
plurality of defect inspection categories must be determined and defined. Thus, by way of
background and clarity, a variety of defect conditions to be inspected will first be
discussed. These defect conditions include, for example, cracks, blisters, and corrosion.
Cracking, as shown for example in FIG. 9, is a condition that occurs when there 1s a break
in the lining or coating surface that extends to the substrate along at least a portion thereot
when view under a magnification of less than about 10x. Blistering s illustrated in FIG. 8
and is a defect peculiar to painted or coated surfaces and is manifested as groupings ot
blisters or bubbles under the surface of the outer layer of paint or coating. Corrosion,
shown in F1G. 10, is generally a result of chemical interaction between the lining matenal,
coating material, and/or substrate with other chemicals or elements present in the
environment, such as the interaction of carbon steel, oxygen, and water to generate rust.
The inspection may also include inspection for dry film thickness (D}T). Fora given
application, it is conservatively desired to maintain a minimum dry film thickness. The dry
film thickness may be inaccurately applied. resulting in thickness variations, or the film
thickness may be chemically or mechanically abraded over time by various means.

With such defect conditions in mind, a method of standardizing a test procedure for
inspecting a vessel adapted to contain commodities can be developed as depicted in F1G. 4.
This method of standardizing a test procedure includes. in step 400. defining at least one
defect type to be inspected, such as a crack inspection. Generally. it is preferred to select
for inspection more than one defect type including. for example, cracks, blisters. and
corrosion. Subsequently,in step 410 a plurality of defect severities within this detect type,

or plurality of defect types, are defined. establishing a scale by which an observed defect

10
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severity may be measured and, in step 420, this plurality of defined detect severnties are
oenerated into a model of each of the defect severities within each defect type. FIGS. 8-10
illustrate models of blistering, cracking, and corrosion, respectively. These models may be,
for example, physical 3-D models, 2-D graphical models, or even electronic models
compatible for use, for example with image recognition systems or electronic displays. Ina
preferred form, these models are graphical models or 2-D pictures included in and printed
on a written procedure used by the inspector during inspection of the lining. Exemplary 2-
D graphical models are illustrated in Figures 8-10, illustrating models used to determine the
degree of blistering, cracking and corrosion.

As shown in FIG. 8, the blistering defect type is divided into five seventy levels or
degrees of size 800 ranging from Number 10 (no blistering), Number 8 (smallest blister
easily seen by eye), Number 6 (small blistering), Number 4 (medium blistering), and
Number 2 (large blistering). Althoughthe Number 10 conditionis not depicted, the
remaining defect severities are represented by reference numerals 810, 820, 830, and 840,
respectively, depicting standardized models for each of these blistering severities. These
models largely eliminate ambiguity as to how to appropriately characterize a particular
defect type and severity. Additionally. provisionis made for a frequency determinationto
describe the density of the number of blisters formed in a local area. Preterred codes are
MD (medium dense), M (medium), and F (few), as represented by reference numerals 850,
860. 870, respectively, which depict standardized models for each of these densities. The F
category 870 represents a situation wherein the blisters cover approximately 2.5% ot the
total area of a section of predetermined size surrounding the defect, such as an 8"x8" area.

This increases to about 15% blister coverage for the M category 860 and increases still

11
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further to about 45% blister coverage of the total area for the MD category 850. This
combination of defect size and defect density permits inspectors to easily and accurately
characterize a defect severity and permits meaningful tracking and trending of the
monitored condition.

Similarly in accord with the invention, the defect condition of cracking may be
divided into three categories. Code I represents irregular pattern type cracking in which the
breaks in the film are in no definite pattern. Code L represents line type cracking in which
the breaks in the film are generally arranged in parallel lines, usually horizontally or
vertically over the surface. Code S, the third type, represents Sigmoid type cracking in
which the breaks in the film form a pattern consisting of curves meeting and intersecting
usually on a large scale. Varying densities or severities of the Code S cracking 900 are
depicted in four categories in FIG. 9, ranging from a Number 8 (reference numeral 910),
Number 6 (reference numeral 920), Number 4 (reference numeral 930), and Number 2
(reference numeral 940).

FIG. 10 further shows the defect condition of corrosiveness divided into four
categories 1000 including Rel (smallest corrosion easily seen by eye). Re?2 (small amounts
of corrosion). Re3 (medium amounts of corrosion), and Re4 (large amounts of corrosion),
respectively represented by reference numerals 1010, 1020, 1030, and 1040.

It bears emphasis that the 2-D graphical models discussed above with reference to
Figures 8-10 are merely illustrative of models which may be developed and are not Iimiting
to either the number of severities that may be defined for a particular defect type. nor are

the defect types confined to those depicted.
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Step 430 of the invention includes correlating each of the above noted models for
one or more selected defect types to a corrosiveness of a transported commodity to
determine a repair disposition of the lining in relation to the models. FIG. 6a represents, in
a matrix form, this correlation of models for several selected defect types to a corrosiveness
of a transported commodity to determine a repair disposition of the lining 1n relation to the
models. The defect types 600 are provided at the left side of the matrix and are divided
into cracks, blisters, and corrosion. These defect types are further subdivided 1nto detect
conditions or severities 610 illustrated in Figures 8-10. Along the top of the matrix 1s
category "P.P.” 620 for "product purity”. Product purity represents linings for product
purity and is assigned to products which require an exacting degree of lining integrity,
including commodities such as food grade material and the like, wherein contact with the
metal of the container can induce contamination and lower or ruin the commercial value
thereof. Accordingly, in the event that the product 1s assigned a so-called P.P. rating, even
the slightest deterioration raises the risk of contamination and the matrix correspondingly

mandates repair as indicated by "R".

Commodity corrosiveness is divided into four categories 630 ranging in increments
of two between a category 6. the most severe corrosiveness, to a category 2, which
possesses minimal corrosiveness, typically less than 0.0025 thousands ot an inch per year.
In the case of a highly aggressive (viz., corrosive) commodity, such as hydrochloric acid
(arbitrary assigned a value of 6). the presence of any cracks sutticient to achieve even the
minimum rating. mandates repair (designated by the letter R) in that damage to the tank
will occur once the material has passed through the cracks and reached the underlying

substrate. such as carbon steel. On the other hand. in the case ot a less aggressive matenal



10

15

20

WO 01/25771 CA 02386135 2002-03-28 PCT/US00/26719

such as vegetable o1l (which is not corrosive to skin for example but which does 1n fact
have an interaction with metals) can be assigned a lower value or index such as 2. Thus, as
shown in FIG. 6a, even though the condition of the liner used in combination with a
commodity having a commodity corrosiveness rating of 2 may be found to have
deteriorated from the last inspection from a crack rating of 8 (shown as numeral 910 1n
FIG. 9) to a crack rating of 6 (shown as numeral 920 1n F1G. 9), the need tor repair 1s not
indicated as being necessary, wherein "A" indicates an accept as 1s disposition. However,
if the crack rating had deteriorated to a Number 4 condition, as shown by numeral 930 1n
FIG. 9, the matrix would indicate repaif, "R", was necessary. In this or a like manner,
therefore, each of a plurality of defect types are correlated to a corrosivenessof a
transported commodity to determine a repair disposition of the lining 1n relation to the
aforementioned models.

In view of the above, the theoretical life of each lining 1s based on 1t's use with an
appropriate commodity. Linings (or coatings) may also be assigned a scaled value
indicative of the lining's chemical resistance rating, wherein 6 1s highly chemical resistant,
5 1s moderately chemical resistant, and so on to 2, which 1s not chemical resistant. FIG. 6b
shows lining operating characteristics for a variety ot commonly used linings. The
estimated life 1s based on immersion of the lining in the most aggressive chemicals
considered acceptable for use with the lining and thus represent a lower end of the life
expectancy. As shown in FIG. 6b, the lining materials may be used tor wide vaneties of
commodities, but are generally better suited for particular types or families of commodities
than they are for other types of commodities. For example, (unmoditied)high bake

phenolic (400°F) is resistant against most solvents and concentrated acids. but 1s less

14
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suitable for strong alkalis, whereas (modified) high bake phenolic (400°F) has good
resistance against strong alkalis, but not against strong acids. Similarly, salt is known to be
very corrosive to steel, but it 1s not particularly aggressive toward coatings.

Thus, the life cycle of the lining may vary significantly depending of the actual
commodity carried. Many cars, in fact, carry commodities that are less aggressive than the
ones that were carried when the lining was originally applied. Therefore, it can be assumed
that the theoretical life of the lining can be extended based on use 1n less aggressive service.
The life cycle multiplier (LCM) is a factor based on the chemical resistance rating of the
lining divided by the corrosive rating of the commodity. Similarly, an "extended" lining
age or cycle (ELC) can be computed by multiplying the theoretical lining age by the LCM.
Generally, if the LCM 1is less than unity the lining 1s considered incompatible with the
commodity and should be replaced.

Thus, if a commodity with a corrosivenessrating of 6 is paired with an unsuitable
lining having a chemical resistance rating of 4, the LCM 15 0.667. For a hining with a
normal estimated life of 8 years would be reduced to a life-cycle or ELC of about 5 years.
If, however, a commodity with a corrosivenessrating of 2 was paired with the same hning,
the ELC would be about 16 years. based purely upon considerations of chemical resistance
and corrosiveness. It 1s possible for a lining to last even longer. Realistically, however, the
theoretical life is rarely realized due to the action of numerous other factors including
mechanical damage, such as but not limited to cracking, denting, abrasion. and vibration.

F1G. 7 shows the lining conditions at the time of inspection in relation to both the
ELC and the lining condition. FIG. 7 uses the above models for various defect types and

defect severities to associate a lining conditionto an ELC and to one of a plurality of
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distinct combinations of models of one defect type and severity with models of another
defect type and severity. In other words, as shown in FIG. 7, the matrix data fields include

combinations of defect types and severities 700 and provides, for any pairing of commodity

10

15

20

and lining, a normalized ELC-based assignment of a lining condition based on observed
defect data. In one such representative data field 710, a lining 1s rated excellent1if, after
completing 50% of its complete extended life cycle, there are no cracks, no corrosion, no
staining or discoloration. Blisters of a Number 6 size (or smaller) with a 2.5% density
(Few rating) are permitted. Also, a DFT reading of greater than 6 mils 1s required. The
DFT reading represents, in a preferred aspect, an average of all of the readings or an
average of all except the lowest and highest readings. Other data fields are similarly
assigned combinations of defect types and severities representing, in the aggregate, and n
combination with liner extended life cycle data, distinct lining conditions.

The above method of standardization provides a method for testing the tank car
lining in accord with 49 C.F.R § 180.509. As noted previously, the lining or coating
installed on the tank car is inspected according an inspection interval, test technique, and
acceptance criteria established by the owner of the lining or coating. Prerequisiteto any
lining inspection, whether conducted in accord with the method of inspection in accord
with the invention or in accord with some other method of inspection in compliance with
49 C.F.R § 180.509, requires first, determining whether or not a particular tank car
possesses a lining or coating for the protection of the tank shell and second, the ownership
thereof if the lining inspection is performed by a facility other than the entity owning the
tank car lining. If the lining is owned by an entity different from the entity pertorming the

inspection and the owner has inspection procedures for the performance ot the inspection,
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such procedures are obtained from the owner of the lining and the inspection of the liner 1s

carried out accord with the owner's requirements in accord with 49 C.F.R § 180.509. The

owner may, naturally, opt to adopt or request the inspection to be performed in accord with
the method provided herein as discussed below.

The test procedure for inspecting a vehicle adapted to transport commodities n
accord with the invention is depicted in FIG. 5. In step 500, the tank car lining 1s inspected.
Step 500 may include inspection for staining or discoloration ot the lining or coated
surface. All surfaces are visually inspected for signs of contrast in color. If such
discolorationis observed, the inspector must use a cleaning solution such as a solution of
1% hydrochloric acid diluted in water in combination with a light colored, preferably
white, cloth to determine whether or not the cloth 1s 1tselt discolored by the stain.

Step 500 also includes inspection for any crack, blister, and/or corrosion conditions
on the liner, which are measured, evaluated, and recorded as described 1n subsequent steps.

DFT measurements may be obtained using a calibrated Type 2 magnetic fixed
(constant pressure) probe gauge or like device. Calibrationis performed 1n a manner
known to those skilled in the art by placing a plastic or non-magnetic metal shim of a
known thickness (1.e., a calibrated shim such as a shim calibrated and traceable to the
NIST) closest to the expected or design dry film thickness on a clean metal surtace to
calibrate the gauge to within +/- 1 mil of the known thickness of the shim. To measure the
DFT, the gauge probe is placed on the coated surface and a thickness reading 1n mils is
obtained and recorded. Starting at one end of the tank car, such at the B end, and stopping
at the opposite end (i.e., the A end). measurements are taken at a predetermined plurality of

positions, preferably including at least five measurement positions at each of the A-end

17



10

15

20

CA 02386135 2002-03-28

WO 01/25771 PCT/US00/26719

head and the B-end head and are spaced apart at approximately the 3:00. 6:00. 9:00. and
12:00 o'clock positions as well as the end head center positions. It is also preferred to
obtain readings at a plurality of equally spaced sections of the tank car lining (e.g.. rings)
between the A-end head and the B-end head, such as the circumferential butt-welds. at
approximately the 3:00, 6:00, 9:00, and 12:00 o'clock positions.

In step 510, any crack, blister, and/or corrosion conditions observed on the liner
during step 500 are compared 1n step 510 to the predetermined models, as noted above,
wherein the predetermined models convey to the user of the procedure a discrete range of
severity levels of the crack, blvister, and/or corrosion conditions. The user then determines
1n step 520, based on the above comparison, a severity level for the compared condition(s)
and records, 1n step 530, the sevenity level for the compared condition(s).

This test procedure may further include, in step 540, cross-referencing the
compared condition severity level with indices indicative of the corrosiveness of a
commodity to be transported 1n the tank to determine if lining repair is required. Thus, one
of an accept or repair dispositionmay be assigned to the lining in step 550 if any one of the
indices cracks, blisters, and corrosion conditions exceeds a predetermined minimum
threshold for a specified commodity corrosiveness. Forreasons discussed above. the
method may also include determining 1f the commodity has a predetermined product purity
level and accordingly modifying the repair status to one indicating repair in the event that
any one of the cracks, blisters and corrosion effects exceeds a minimum value.

The procedure may also advantageously include determining a percentage of lining
complete extended life cycle in step 560 for an inspected hining to permit. in step 370.

association of the combined defect severity level of a plurality of the compared conditions
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to a discrete lining condition value 1n accord with the percentage of lining complete
extended life cycle. In one aspect, this permits, as shown in FIG. 7, an inspector of a lining
with a known ELC of 46% observing Number 8 cracks, No. 6 blisters with a 2.5% density,
no corrosion, an average DFT of 9 mils, and total staining ot 8 square feet would assign a
condition rating of "fair” because the crack rating exceeds the tolerance tor the "good"
rating. Alternatively, since the age of the liner is known, but the accuracy of the ELC
calculation itself 1s an estimated quantity, correlation ot the actual lining condition to the
predicted percentage of completed ELC permits verification of the ELC calculation. It the
inspection results are, for example, consistently excellent for a completed ELC ot 83%+ for
a given commodity/lining combination, the ELC calculation may be revised to better
comport with observed "real-life” data for the commodity/lining pairing. In this way, the
collected data permits estimation of the remaining useful life of the liner 1n the aggregate

given a statistically sufficient number of data points.

In various aspects of the above invention, the procedure may set forth that only a
location of the most severe of each of the compared conditionsis recorded. Alternatively,
the procedure may set forth that a location of each of the compared conditions exceeding a
minimum threshold 1s recorded. Still further, the procedure may integrate approximate
total surface areas covered by affected surtaces. The invention requires only that the liner
conditions are compared with predetermined models conveying a discrete range of severity
levels of the defect conditions and a seventy level therefor 1s determined.

It is preferred that the combined defect severity level 1s a combination of cracks,
blisters. and corrosion conditions, as well as dry film thickness and discoloration

conditions. However. if desired, additional factors could be considered and incorporated
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into the matrix or index including, for example, a correlation between the type or
composition of the lining or coating and the corrosiveness of the commodity to account for
potential variances in the rate of defect propagation between different linings used for the
same commodity. In this regard, it is desired not only to obtain information specific to an
immediate determination of operability over a determined inspection interval, but to obtain
and record other data points, such as but not limited to lining type and construction, for
trending purposes. Based on trending analysis of the data so obtained. the matrix may be
adjusted accordingly in accord with the imnvention.

Although one preferred aspect of the test procedure for inspecting a vehicle adapted
to transport commodities includes hard-copy graphical models on the pages of a procedure
used by the inspector, it is within the scope of the present invention to enter or convert this
data into an electronically readable format and to compile it in a computer readable
database. Although present implemented with an IBM AS400 Legacy system, the
invention may be implemented in a variety of platforms and mediums, as discussed below.

FI1G. 11 is a block diagram that illustrates a computer system 1100 upon which
embodiments of the invention may be implemented. Computer system 1100 includes a bus
1102 or other communication mechanism for communicating information, and a processor
or processors 1104 coupled with bus | 102 for processing information. Computer system
1100 also includes a main memory 1106, such as a random access memory (RAM) or other
dynamic storage device, coupled to bus 1102 for storing information and instructions to be
executed by processor 1104. Main memory 1106 also may be used for storing temporary
variables or other intermediate information during execution of instructionsto be executed

by processor 1104. Computer system 1100 further includes a read only memory (ROM)
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1108 or other static storage device coupled to bus 1102 for storing static information and
instructions for processor 1104. A storage device 1110, such as a magnetic disk or optical
disk, is provided and coupled to bus 1102 for storing information and instructions.
Computer system 1100 may be coupled via bus 1102 to a display 1112, such as a cathode
ray tube (CRT) or may be a handheld active or passive display, for displaying information
to a computer user. An input device 1114, including alphanumeric and other keys, 1s
coupled to bus 1102 for communicating information and command selections to processor
1104. Anothertype of user input device is cursor control 1116, such as a mouse, a
trackball, or cursor direction keys for communicating direction information and command
selections to processor 1104 and for controlling cursor movement on display 1112. This
input device typically has two degrees of freedom in two axes, a firstaxis (e.g.,x) and a
second axis (e.g., y), that allows the device to specify positions in a plane.

Execution of sequences of instructions contained in main memory 1106 causes
processor 1104 to perform the process steps described herein. One or more processors in a
multi-processing arrangement may also be employed to execute the sequences of
instructions contained in main memory 1106. In alternative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions and 1t 1s to be
understood that no specific combination of hardware circuitry and software are required.
Instructions may be provided in any number of forms such as source code, assembly code,
object code, machine language, compressed or encrypted versions of the foregoing. and any
and all equivalents thereof. “Computer-readablemedium™ refers to any medium that
participates in providing instructions to processor 1104 for executionand "program

product” refers to such a computer-readable medium bearing a computer-executable
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program. The computer usable medium may be referred to as "bearing” the instructions,
which encompass all ways in which instructions are associated with a computer usable
medium. Computer-readable mediums include, but are not limited to, non-volatile media,
volatile media, and transmission media. Non-volatile media include, for example, optical
or magnetic disks, such as storage device 1110. Volatile media mnclude dynamic memory,
such as main memory 1106. Transmissionmedia include coaxial cables, copper wire and
fiber optics. including the wires that comprise bus 1102. Transmissionmedia can also take
the form of acoustic or light waves, such as those generated during radio frequency (Rk)
and infrared (IR) data communications. Common forms of computer-readable media
include, for example, a floppy disk, a flexible disk. hard disk, magnetic tape, any other
magnetic medium, a CD-ROM, DVD, any other optical medium, punch cards, paper tape,
any other physical medium with patterns of holes, a RAM, a PROM, and EPROM, a
FLASH-EPROM, any other memory chip or cartridge. a carrier wave as described
hereinafter, or any other medium from which a computer can read.

Various forms of computer readable media may be involved 1n carrying one or
more sequences of one or more instructions to processor 1104 for execution. For example,
the instructions may initially be borne on a magnetic disk of a remote computer. The
remote computer can load the instructions into its dynamic memory and send the
instructions over a telephone line using a modem. A modem local to computer system
1100 can receive the data on the telephone line and use an infrared transmitter to convert
the data to an infrared signal. An infrared detector coupled to bus 1102 can recerve the data
carried in the infrared signal and place the data on bus 1102. Bus 1102 carries the data to

main memory 1106, from which processor 1104 retrieves and executes the instructions.
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Instructions received by main memory 1106 may optionally be stored on storage device
1110 either before or after execution by processor 1104.

Computer system 1100 may also include a communicationinterface 1118 coupled
to bus 1102 to provide a two-way data communication coupling to a network link 1120
connected to a local network 1122. For example, communicationinterface 1118 may be an
integrated services digital network (ISDN) card or a modem to provide a data
communication connection to a corresponding type of telephone line. As another example,
communicationinterface 1118 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless links may also be
implemented. In any such implementation.communicationinterface 1118 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.

Network link 1120 typically provides data communication through one or more
networks to other data devices. For example, network link 1120 may provide a connection
through local network 1122 to a host computer 1124 or to data equipment operated by an
Internet Service Provider (ISP) 1126. ISP 1126 in turn provides data communication
services through the worldwide packet data communication network, now commonly
referred to as the “Internet” 1128. Local network 1122 and Internet 1128 both use
electrical, electromagnetic or optical signals that carry digital data streams. The signals
through the various networks and the signals on network link 1120 and through
communicationinterface 1118, which carry the digital data to and from computer system
1100, are exemplary forms of carrier waves transporting the information. Thus the

processing required by method of the invention described by way ot example herein may
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be implemented on a local computer utilizing storage device 1110 or may be implemented,
for example, on a LAN or over the internet.

Computer system 1100 can send messages and recetve data, including program
code, through the network(s), network lIink 1120, and communicationintertace 1118. In
the Internet example, a server 1130 might transmit a requested code for an application
program through Internet 1128, ISP 1126, local network 1122 and communication interface
1118. In accordance with the invention, one such downloaded application provides for
transmitting an inspection procedure to an inspector at a remote inspection data from a
remote location to a central computer. The received code may be executed by processor
1104 as it 1s received. and/or stored in storage device 1110, or other non-volatile storage for
later execution. In this manner, computer system 1100 may obtain application code 1n the
form of a carrier wave.

While the invention has been described with reference to only a few facets thereof,
it 1s submitted that, when in possession of the documentation which 1s contained in the
Appendices of this application, and given the guidance/knowledge of the preceding
disclosure, that a person of skill in the art to which the instant invention pertains, woulid be
fully enabled and would be able to implement and practice the claimed invention without

difficulty.

24



WO 01/25771 CA 02386135 2002-03-28 PCT/US00/26719

What is claimed:

1. A test procedure for inspecting a vehicle adapted to transport commodities,
comprising the steps of:

inspecting a lining disposed in a tank of a tank car;

comparing at least one of a prescribed defect condition on the liner with
predetermined models, said predetermined models conveying a discrete range of severty
levels of said at least one prescribed defect conditions;

determining, based on the comparison, a severity level for the at least one
prescribed defect condition; and

recording the severity level for the at least one prescribed defect condition.

2. A test procedure as set forth in claim 1, further comprising the steps of:
cross-referencing the prescribed defect condition severity level with indices
indicative of the corrosiveness of a commodity to be transported in the tank to determine 1f

lining repair 1s required, and

assigning one of an accept or repair disposition to the lining,

wherein said indices indicate a repair dispositionif any one of prescribed detect
conditions exceed a predetermined minimum threshold for a spectfied commodity

COITOSIVENESS.

3. A test procedure as set forth in claim 1. further comprising the steps of:

determining 1f the commodity has a predetermined product purity level;

I~
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modifying the repair status to one indicating repair in the event that any one of the

prescribed defect conditions exceeds a mimimum value.

4. A test procedure as set forth in claim 1, turther comprising the steps of:
determining a percentage of lining complete extended hife cycle for a lining
ispected;
associating, for the determined percentage of complete extended life cycle, the

combined defect severity level of a plurality of said prescribed detfect conditions to one of a

plurality of discrete lining condition values.

5. A test procedure as set forth in claim 4, wherein said prescribed defect conditions

comprise at least one of cracks, blisters, and corrosion conditions.

6. A test procedure as set forth in claim 5, wherein said prescribed defect conditions

comprise at least one of dry film thickness and discoloration conditions.

7. A test procedure as set forth in claim 6, wherein a location of the most severe of

each of said at least one prescribed defect conditions is recorded.

8. A test procedure as set forth in claim 6, wherein a location of each of at least one

prescribed defect conditions exceeding a minimum threshold 1s recorded.
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9. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities, comprising the steps of:

defining at least one defect type;

defining a plurality of defect severities within said at least one defect type; and

generating a model of each of said defect severities within said at least one defect
type;

correlating each of said models to a corrosiveness of a transported commodity to

determine a repair disposition of the lining in relation to said models.

10. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities according to claim 9, further comprising the steps of:
defining a plurality of defect types including at least one member selected from the

oroup of cracks, blisters, corrosion, dry film thickness, and discoloration.

11. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities according to claim 9, wherein said models comprise at least one ot

physical models, graphical models, and electronic models.

12. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities, comprising the steps of:
definming at least one defect type;

defining a plurality of defect severities within said at least one defect type; and
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generating a model of each of said defect severities within said at least one defect

correlating a lining condition to one of a plurality of distinct combinations of

models of one defect type and severity with models of another defect type and severty.

13. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities according to claim 12, wherein said correlation step further comprises
relating said plurality of distinct combinations of models of one defect type and severnty
with models of another defect type and severity to a percentage of liner completed

extended life cycle.

14. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities according to claim 13, further comprising the steps of:

defining a plurality of defect types including at least one member selected from the

group of cracks, blisters, corrosion, dry film thickness, and discoloration.

15. A method of standardizing a test procedure for inspecting a vessel adapted to
contain commodities according to claim 14, wherein said models comprise at least one of

physical models, graphical models. and electronic models.

16. A computer-readable medium bearing instructions enabling a computer having at
least one processor to facilitate inspection of a vessel adapted to contain commodities, the

instructions, when executed by a computer. causing the computer to carry out the steps of:
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prompting for selection of one of a plurality of indicated detect types;

displaying a plurality of models of the selected defect type, said plurality of models
defining a corresponding plurality of defect severity levels;

prompting for selection of one of said models;

performing at least one of storing said entered model and defect type and outputting

a signal corresponding to said entered model and detect type.

17. A computer-readable medium bearing instructions enabling a computer having at
least one processor to facilitate inspection of a vessel adapted to contain commodities, the
instructions, when executed by a computer, in accord with claim 16, comprising:
comparing the output signal to a corrosiveness of a transported commodity to
determine a repair disposition of the lining in relation to a predetermined relationship

between said plurality of models and a plurality of commodity corrosiveness values.
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DEFINING AT LEAST ONE DEFECT TYPE TO BE INSPECTED

DEFINING A PLURALITY OF DEFECT SEVERITIES WITHIN
THE DEFECT TYPE(S) DEFINED IN STEP S400

GENERATING AMODEL OF EACH OF THE DEFECT
SEVERITIES WITHIN THE DEFECT TYPE(S)

CORRELATING EACH OF THE MODELS TO A CORROSIVENESS
OF ATRANSPORTED COMMODITY TO DETERMINE A REPAIR
DISPOSITION OF THE LINING IN RELATION TO THE MODELS
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INSPECTING A LINING DISPOSED IN A TANK OF A TANK CAR

COMPARING CRACK, BLISTER, AND/OR CORROSION
CONDITIONS ON THE LINER WITH PREDETERMINED MODELS,
THE PREDETERMINED MODELS CONVEYING A DISCRETE
RANGE OF SEVERITY LEVELS OF THE CRACK, BLISTER,
AND/OR CORROSION CONDITIONS

DETERMINING, BASED ON THE COMPARISON. A SEVERITY
LEVEL FOR THE COMPARED CONDITION(S)

RECORDING THE SEVERITY LEVEL FOR
COMPARED CONDITION(S)

CROSS-REFERENCING THE COMPARED CONDITION SEVERITY
LEVEL WITH INDICES INDICATIVE OF THE CORROSIVENESS
OF ACOMMODITY TO BE TRANSPORTED IN THE TANK TO
DETERMINE IF LINING REPAIR IS REQUIRED

ASSIGNING AN ACCEPT OR REPAIR DISPOSITION TO THE
LINING, WHEREIN REPAIR IS INDICATED IF ANY ONE OF THE
CRACKS, BLISTERS, AND CORROSION VALUES EXCEEDS A
PREDETERMINED MINIMUM THRESHOLD FORA SPECIFIED
COMMODITY CORROSIVENESS

DETERMINING A PERCENTAGE OF LINING COMPLETE
EXTENDED LIFE CYCLE FORALINING INSPECTED

ASSOCIATING, FOR THE DETERMINED PERCENTAGE OF
COMPLETE EXTENDED LIFE CYCLE, THE COMBINED
DEFECT SEVERITY LEVEL OF A PLURALITY OF THE

COMPARED CONDITIONS TO ONE OF APLURALITY OF

DISCRETE LINING CONDITION VALUES

FIG. 5
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TABLE 1: ACCEPTIREPI"\)\I%DISPOSITION

COMMODITY CORROSIVENESS
DEFECT | CONDITION N S e D i

CRACKS -““---
- ‘-lillil“--
4 | RIR]JR]JR]R_

BUSTERS | 8 | R | A | A | A | A
6 | R AL ATLTA] A

4 | RIRJ[ALA] A

2 | RIRI[R]|R| A

CORROSION | REf | R | R | R | A | A
_ R2 | R|IR[R | A | A

R3S R R[R | A A

R =REPAIR DISPOSITION A=ACCEPT AS IS DISPOSITION

FIG. 6A
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EXTENDED
LIFE CYCLE

0-25%

26 - 42%

43 - 58%

59 -83%

>83%

DEFECT
TYPE

CRACK
BLISTER
CORROSION

DFT
STAINS

CRACK
BLISTER
CORROSION
DFT

STAINS

CRACK
BLISTER
CORROSION
DFT

STAINS

CRACK
BLISTER
CORROSION
DFT

STAINS

CRACK
BLISTER
CORROSION
DFT

STAINS
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TABLE 2: LINING CONDITION MATRIX

LINING CONDITION
GOODB POOR D

EXCELLENTA

NO DEFECTS | NODEFECTS™ | >NO.8

NODEFECTS | >NO.8(25%) | >NO.6(15%) [ >NO.6 (45%)
NO DEFECTS | NODEFECTS | >RE1

>3 MILS >TMILS >6 MILS

NO SPOTS NO SPQTS <108Q.FT

NODEFECTS | NODEFECTS | >NO.8
NO. 6 (2.5%) >N0.695%) >NO. 4 (45%) | >NO.2 (15%)
NODEFECTS | NODEFECTS | <RE2 <RE?2
>7MILS >7MILS >6 MILS <BMILS

NO SPOTS
NO DEFECTS

| NOSPOTS
NO DEFECTS

<20 SQ. FT
>NO. 8

>20 SQ. FT
>NO. 4

> NO. 6 (2.5%) >No.e(15%g >NO.4 (15%) | >NO.4 (15%)
NODEFECTS | NODEFECTS | <RE2 <RE?2
> 6 MILS > 5 MILS <5MILS <5MILS

NO SPOTS >20SQ, FT

<108Q. FT

NO DEFECTS || NODEFECTS | >NO.6 >NO. 4
NO.6(15%) || >NO.4(15%) | >NO.2(15%) | >NO.2(45%)
NODEFECTS || NODEFECTS | <RE2 <RE 2
> 5 MILS > 5 MILS <5MILS

<10S8Q.FT

NO DEFECTS
>NQ. 4 (15%)
NO DEFECTS
>3 MILS

<108Q. FT

<10SQ.FT

NO DEFECTS
>NO. 4 (1 5%3
NO DEFECT

>20 SQ. FT

>NO. 4
>NO. 4 (15%)
<RE3

>NO. 4 (15%)
<RE2

> 5 MILS

<20 SQ. FT

<H5MILS
>20SQ. FT

> MILS
<105Q. FT

710

FIG. 7
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~ CRACKING, IN WHICH THE BREAKS IN THE FILMARE

RACKING IN WHICH THE BREAKS IN THE FILM FORMA PATTERN

CONSISTING OF CURVES MEETING AND INTERSECTING USUALLY ONALARGE SCALE. SEE

ADJACENT VISUAL STANDARDS.

-

CODE |- IRREGULAR PATTERN TYPE

IN NO DEFINITE PATTERN.

-

CODE L - LINE TYPE - CRACKING IN WHICH THE BREAKS IN THE FILMARE GENERALLY
ARRANGED IN PARALLEL LINES, USUALLY HORIZONTALLY OR VERTICALLY OVER THE

SURFACE.
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RECORD THE COMBINATION SIZE AND DENSITY OF THE LARGEST AREA OF DAMAGE. THIS

VISUALLY COMPARE THE SURFACE WITH THE PHOTOGRAPHIC REFERENCE STANDARDS
WILL BE ANO. CODE.

TO DETERMINE THE SIZE AND DENSITY OF THE CRACKING.

THREE CATEGORIES OF CRACKING
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SINCE THE TYPE AND DEGREE OF FAILURE MAY VARY OVERANY GIVEN AREA, A

REPRESENTATIVE PORTION SHOULD BE RATED.

REPORTING
INDICATE WHETHER THE CRACKING 15 SCATTERED OR LOCALIZED.

RECORD THE TYPE OF CRACKING. THIS WILL BE ALETTER CODE.
IF IT IS LOCALIZED INDICATE THE NUMBER OF AREAS.

CRACK IF THE UNDERLYING SURFACE IS VISIBLE.

PROCEDURE
CODE S - SIGMOID TYPE - C
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=
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SKETCH/DESCRIPTION:

=
O

THROUGHA PAINT FILM IS A SIGNIFICANT FACTOR IN DETERMINING WHETHER A COATING

SYSTEM SHOULD BE REPAIRED OR REPLACED.
VISUALLY COMPARE THE SURFACE WITH THE PHOTOGRAPHIC REFERENCE STANDARDS

TO DETERMINE THE SCALE OF DEGREE OF RUSTING.

CORROSION MAY BE SCATTERED OR LOCALIZED.
RECORD THE COMBINATION SCALE OF DEGREE QOF RUSTING AND THE DENSITY OF THE

BE CAREFUL NOT TO CONFUSE DIRT OR STAINING FROM RUST WITHACTUAL RUSTING.
[ARGEST AREA OF DAMAGE, THIS WILL BE ARE CODE.

RE 1~ SMALLEST CORROSION EASILY SEEN BY EYE
RE 2~ SMALLAMOUNTS OF CORROSION

THIS TEST METHOD COVERS THE EVALUATION OF THE DEGREE OF RUSTING ON PAINTED
STEEL SURFACES USING VISUAL STANDARDS, THE AMOUNT OF RUSTING BENEATH OR
INDICATE WHETHER THE RUSTING IS SCATTERED OR LOCALIZED.

IF 1T 1S LOCALIZED INDICATE THE NUMBER OF AREAS.

RE 3~ MEDIUMAMOUNTS OF CORROSION
RE 4~ LARGE AMOUNTS OF CORROSION
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DEFINING AT LEAST ONE DEFECT TYPE TO BE INSPECTED

DEFINING A PLURALITY OF DEFECT SEVERITIES WITHIN
THE DEFECT TYPE(S) DEFINED IN STEP 400

GENERATING AMODEL OF EACH OF THE DEFECT
SEVERITIES WITHIN THE DEFECT TYPE(S)

CORRELATING EACH OF THE MODELS TO A CORROSIVENESS
OF ATRANSPORTED COMMODITY TO DETERMINE A REPAIR
DISPOSITION OF THE LINING IN RELATION TO THE MODELS

5400

5410

5420

5430



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - abstract drawing

