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EXECUTIVE SUMMARY

A 1:250 scale model of Energy Terminal Service Corporation (ETSC)
facility at Staten Island was placed in the Environmental Wind Tunnel to
study the dense gas cloud behavior resulting frgm an accidental LNG
release under neutral stability. A total of three wind speeds, five LNG
release locations, three wind directions, two Dboiloff rates for
unlimited spill duration, one boiloff rate for 10 minute spill duration,
and three vapor barrier fence heights were investigated. The
experimental measurements resulted in the following conclusions:

. The flammable methane-air clgud mixture (i.e., peak concentrations
greater than LFL) remains within the property boundaries of
the ETSC facility during 10 minute pipe failure situations for
all cases investigated.

. An increase in the vapor barrier fence height reduced the
ground level concentration.

. The LNG plume dispersion Qas enhanced by the wakes of two
tanks for wind directions of 270° and 315°. This confirms
that aerodynamic mixing in the wakes of obstacles plays a very
important role in accelerating the dispersion of ING plumes.

. Maximum concentrations at property boundaries were observed
for a wind direction of 215° and during ING spills in the
process area.

. The ING plume dispersion was enhanced by an increase in the
wind speed.

. Vertical profiles of gas concentration indicated that the

maximum concentration was at the ground.
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1.0 INTRODUCTION

Natural gas is a highly desirable source of energy for residential,
commercial and industrial uses, and its consumption is achieved with
very little environmental impact. The nature of residential and commer-
cial loads is such that very high demands are made in the winter months
on the gas delivery system. These very high demands or "peak" periods
are met by supplemental gas supplies such as liquified natural gas
(LNG). 1ING is cooled to a temperature of -162°C to store at approxi-
mately atmospheric pressure. At this temperature if LNG was released to
the surrounding environment, rapid boiling of the LNG would occur and a
flammable mixture would result. It has been demonstrated (Neff et al.,
1976, 1978; Meroney et al., 1980; AGA, 1974) that the LNG Qapor plume
will remain negatively buoyant for a majority of its lifetime represent-
ing a ground level hazard. This hazard will extend downwind until the
atmosphere has diluted the LNG vapor below the lower flammability limit
(LFL, a local concentration for methane in air below 5% by volume).

It is important that accurate predictive models for LNG vapor cloud
physics be developed, so that the associated hazards of transportation
may be evaluated. Various industrial and governmental agencies have
sponsored a combinagion of analytical, empirical, and physical modeling
studies to analyze problems associated with the transportation and
storage of LNG. Since these models require assumptions to permit trac-
table solution procedure one must perform prototype tests to verify
their accuracy. In some cases these assumptions are so conservative
~ that they grossly overpredict downwind hazard zones and eliminate the
practicality of energy development completely. In such cases physical

model studies can be performed to account for the effects of building



and terrain interaction otherwise unaccounted for in analytical or
numerical models.

The current DOT-LNG facility regulations (DOT-LNG, 49CFR Part 193)
require that the flammable vapor resulting from specified design acci-
dental releases of LNG be confined within a vapor dispersion exclusion
zone. For tanks with all piping connections through the roof, the
design accident is a 10-minute spill at maximum flow rate from any
piping. Capacity applied for after March 1, 1978 must meet the require-
ments of Part 193. In the case of ETSC the added capacity is 360 MMSCFD
or 3015 gpm. It is the intention of this study to demonstrate that the
vapor dispersion exclusion zone requirement is met by the planned use of
a vapor fence at the ETSC facility. A wind-tunnel dispersion simulation
is used to demonstrate this condition as provided for by the DOT
regulations.

A 1:250 scale model of the Energy Terminal Services Corporation
(ETSC) facility and surroundings was placed in the Environmental Wind
Tunnel (EWT) at Colorado State University to determine the dispersion of
hypothetical LNG vapor plumes. The tests were performed with a variety
of spill rates, spill durations, and vapor barrier fence heights. Tﬁe
meteorological and source conditions for the various tests are summar-
ized in Table 1. The tests were performed under a hazard analysis
strategy designed to identify critical cases and assure conservative
compliance with DOT regulations.

The methods employed and the appropriateness of physical modeling
of atmospheric and plume motion are discussed in Chapter 2. The concept
of a conservative hazard analysis strategy is explained in Section 2.4.
The details of model construction and experimental measurements are
described in Chapter 3. Chapter -4 discusses the test program and

results obtained and Chapter 5 summarizes the conclusions of this study.



2.0 WIND-TUNNEL SIMULATION OF LNG VAPOR PLUMES

Evaluation of the potential hazards arising from accidental spills
of LNG on land requires the simulation of the appropriate fluid physics.
There are two fundamental approaches to simulation-physical modeling and
mathematical modeling. Both procedures are based on the same laws of
motion and energy. Mathematical modeling generally requires an explicit
specification of all physical interactions and boundary conditions in
symbolic mathematical notation. This is feasible, however, only for
rather a limited set of all situations, and only after many simplifying
assumptions. Physical modeling must also be constrained to a subset of
all likely conditions; however, it is generally possible to examine
satisfactorily a greater range df complex boundary conditions and inter-
actions without a prior understanding of these behaviors in all their
detail. In the following section a short review is provided of the
historical context of physical simulation including recent experiments
to verify, evaluate, and validate LNG spill models. Succeeding sections
discuss full and partial simulation of plume matter and outline the

conservative simulation strategy utilized for the ETSC model.

2.1 Applications of Wind Tunnels to Investigations of Wind Engineering
Problems

Laboratory simulation is used routinely today to predict wind loads
on tall buildings, surface cladding pressures, pedestrian environment in
cities, dispersion from fossil fuel stacks, and hazards associated with
releases from nuclear power stations. The consideration of the disci-
plines of meteorology, fluid dynamics, and aérodynamics has resulted in
a new field - wind engineering. Current methods and capabilities in

wind engineering are demonstrated by a review of problems related to



atmospheric advection and dispersion of air pollutants, wind forces on
buildings and structures, and control of winds (Cermak, 1975).

Physical modeling of boundary layer~-type winds and wind effects by
measurements on small-scale models placed in meteorological wind tunnels
currently provides the most reliable source of)data for wind engineer-
ing. Coordinated measurements on full-scale systems and their small-
scale models are available to confirm similarity for a large number of
situations.

The turbulent atmospheric boundary layer can be simulated in long
test-~section wind tunnels with the exception of effects caused by
Coriolis acceleration. Rotational effects can be simulated in special
rotating flow systems; however, existing systems are too limited in
scale to satisfy the boundary-value similarity requirements for near
planar-homogeneity as is found in the atmosphere. Fortunately, experi-
mental data from the laboratory and the atmosphere do not show evidence
of measurable differences in surface-layer turbulence structure as a
result of Coriolis acceleration in the atmosphere.

Counihan (1975) identified important characteristics of the
adiabatic atmospheric surface layer to be friction velocity, surface
roughness, velocity power law profile, vertical variation of turbulence
integral scales, and vertical variation of longitudinal and vertical
turbulence intensities. Boundary-layer wind tunnels can reproduce these
values in a consistent manner for a wide range of scale ratios. This
simulation is obviously not automatic and requires the appropriate
selection of upstream roughness and wind tunnel turbulence generators

(Cermak, 1971, 1975).



Time averages of micro-scale features within the lower 15% of
thermally stratified turbulent boundary layers formed in wind tunnels
are in excellent agreement with corresponding data measured within the
atmospheric surface layer. This agreement is restricted to boundary
layers formed over a sufficiently long boundary to pﬂoduce near planar-
homogeneity within the simulated surface layer. A length of 20-30 m
yields data which agree with atmosphéric data well within the errors of
measurement when scaled with the Monin~Obukhov length and velocity
scales. The same statement can be made for turbulence spectra down to a
wave number determined by the boundary-layer thickness when scaled with
the Kolmogorov length and velocity scales.

The mean velocity distribution of turbulent boundary layers over
modeled areas of the earth several miles in extent (small-scale) when
covered by high roughness elements such as the buildings of a city are
in good agreement with the atmospheric counterparts. This is the case
when geometric similarity is preserved, the Reynolds number is suffi-
ciently large to guarantee invariance of flow patterns over sharp edged
buildings and the approach flow is similar to the atmospheric boundary
layer. VUnder these conditions, the turbulence structures are expected
to be similar also; however, essentially no turbulence data have been
obtained in the atmospheric boundary layer over a city to check this
expectation.

The aerodynamics of buildings in the atmospheric boundary layer
involves the nonlinear interaction of nonhomogeneous, nonuniform,
turbulent approach flows with three-dimensional turbulent boundary
layers and separated flow over the building, none of these complex flow
types are well described even when unperturbed by the others. Conse-

quently, wind-force information on buildings has been determined



previously from measurements on small-scale models on actual structures.
Indeed it is now standard practice before final design to perform wind-
tunnel simulation of all large high rise structures. Pressure measure-
ments by Dagleish (1974) indicate that mean pressures on small-scale
models of sharp-edged buildings in appropriate boundary layers closely
represent full-scale values even though the model Reynolds number may be
100-500 times smaller than the prototype Reynoid's number.

Meteorologists are frequently faced with problems requiring
quantitative estimates of air flow patterns and turbulence character-
istics over complex terrain. Use of the wind flow information includes
air pollution zoning, Siting of fossil fuel burning industrial facili-
ties and wind turbine siting. Wind tunnels have been used to reproduce
flow fields and dispersion over mountainous terrain and even valley
draingage flow situationg (Meroney, 1980) Meroney et al. (1980) and
Chien et al. (1980) report field/model flow field comparisons over a
complex mountain gorge region in New Zealand and over a mountainous
penninsula in Oahu, Hawaii, respectively. A correlation by rank of
relative wind speeds for the data pairs revealed simulations near 0.95.
Quantitative correlations of wind speed magnitude was of the order of
0.80. Neal and Stevenson (1980) report rank and quantitative correla-
tions for a field/model study of flow over a pass in a New Zealand
mountain range as 0.97 and 0.90 respectively.

Physical modeling of mass transport in wind tunnels capable of
simulating the atmospheric boundary layer has become an important source
of data for treatment of many air-pollution and safety problems. Deter-
mination of concentrations of 802, radioactive gases, and HZS from

fossil fuel, nuclear, and geothermal power plants; CO, hydrocarbons, and



NOx from parking garages and dense traffic; Qethane from liquid natural
gas (ILNG) spills; and toxic fumes from chemical spills are the most
common cases involving the dispersion of gases. The transport of solids
is encountered in dispersion of silver iodide over complex terrain for
cloud seeding, snow drifting and soil and sand movement. When the
boundary geometry is complex (composed of buildings, trees, uneven
terrain)} the uncertainty of concentrations calculated from the numerical
or mathematical dispersion models for small distances from the source
becomes very large. These are the conditions for which dispersion
modeling in wind tunnels is the most accurate and achievable. Several
examples of mass transport problems that have been studied by physical
modeling in wind tunnels will be described to illustrate the methods
used.

One of the most common problems associated with gaseous exhausts
from power and other industrial plants is downwash. The problem may
occur for an existing plant where stacks are too low or exit velocity
too small. On the other hand downwash must be avoided by proper design
for pfoposedAplants. In both cases, data on Plume behavior are needed
to select a minimum stack height with reasonable gas exit velocities
that will insure downwash-free operation. This is a short-range disper-
sion problem that is most pronounced for strong winds; therefore, it can
be treated effectively by physical modeling in a wind tunnel boundary
layer with neutral thermal stratification. Kothari et al. (1981) com-
pare measurements over a 1:500 scale model and field measurements of
concentration made near the Rancho Seco Nuclear Power Station,
California. Centerline conceﬁtrations as well as the horizontal spread

of the plume were reproduced. On  the average the wind tunnel



predictions were some 40 times more accurate in predicting field data
than the conventional Pasquill-Gifford analytic dispersion algorithms.

Release of a dense gas from short stacks or near the ground is
accompanied by initial descent and horizontal spreading caused by gravi-
tational forces. Buoyancy forces tend to suppress advection by wind
shear and dispersion by atmospheric turbulence. Such clouds will drift
downwind from the source location at ground level, providing an oppor-
tunity for ignition if the gas is flammable or perhaps for acute toxic
effects to life in its path. These dense clouds interact with surface
Fopography and obstacles to produce complex time dependent concentration
patterns. In Appendix E of this report is provided a review by Meroney
(1980) of wind-tunnel experiments performed with dense plumes and simu-
lation evaluation by comparison with field measurements and analytic
models. Controlled field experiments of dense plume behavior are
sparse. Often important information concerning boil-off rates, spill
size, and wind conditions are missing or questionable. Nonetheless, one
notes good reproduction of time varying concentrations for the
Capistrano 044 LNG Land Spill in Figure E-4, and the Parton Freon
Releases in Figure E-5. A comparison of wind tunnel and field data for
the 6-cubic meter LNG spill series at China Lake 1is displayed in
Figure E-6.

A comparison of field/model measurements for the 40-cubic meter
spill series at China Lake has just been completed (Meroney and Neff,
1980; Neff et al., 1981). Velocity profiles and turbulence measured at
the China Lake Site were accurately reproduced over a 1:85 scale model
of the spill site. It was found that the peak plume centerline concen-

tration decay with downwind distance was accurately reproduced for all



tests. Annual time, rise time characteristics and peak concentrations
were almost identical when approach wind profile conditions reproduced

the field conditions.

2.2 Physical Modeling of the Atmospheric Boundary Layer

In order for the flow in any laboratory model to be of value in
interpreting or predicting the observed flow in the atmosphere, it is
essential that the two flow systems should be dynamically, thermally and
kinematically similar. This means that the flow in the two systems must
be described by the same equations after appropriate adjustments of the
units of length, time and other variables.

A number of authors including Cermak (1975) and Snyder (1972) have
derived the governing parameters for atmospheric heat, mass, or momentum
transport by dimensional analysis, similarity theory, and inspectional
analysis. Another group justify similitude by considerations of turbu-
lence theory and recent reviews of full scale wind data which represent
the characteristics of. the prototype atmospheric wind on a parametric
basis (Counihan, 1973). Although all investigators do not agree con-
cerning details, most would concur that the dominant mechanisms can now
be identified and are understandable. The following sections review
similitude criteria as they relate to adiabatic atmospheric shear flow.

The atmospheric boundary layer is that portion of the atmosphere
extending from ground level to approximately 100 meters within which the
major exchanges of mass, momentum, and heat occur and is described
mathématically by equation of conservation of mass, momentum, and energy
(Cermak, 1971; Snyder, 1981). The general requirements for laboratory-
atmospheric-flow similarity may be obtained by fractional analysis of

these governing equations (Kline, 1965). This methodology is



10

accomplished by scaling the pertinent dependent and independent
variables and then casting the equations into dimensionless form.
Performing these operations on such dimensional equations vyields

dimensionless parameters commonly known as:

Inertial Force

Reynolds number Re = UOLO/\)o = Viscons Force
g (AT) L e
Bulk Richardson Ri = ) o o = Grav1Fat10nal Force
T 2 Inertial Force
number o] U0
- .. Inertial Force
Rossby number Ro - Uo/LoQo ~ Coriolis Force
— _ Viscous Diffusivity
Prandtl number Pr = Vo/(ko/pocpo) ~ Thermal Diffusivity
Eckert number Ec = Uz/C (AT)
o' p o

o

For exact similarity between different flows which are governed by
the same set of equations, each of these dimensionless parameters must
be equal for both prototype and model systems. In addition to these
requirements, there must be similarity between the boundary conditions.

Boundary condition similarity requires equivalence of the following
features:

a) Surface-roughness distributions,

b) Topographic relief, and

c) Surface-temperature distribution.

If all the foregoing requirements are met simultaneously, all
atmospheric scales of motion ranging from micro to mesoscale could be
simulated within the same flow field for a given set of boundary condi-

tions (Cermak, 1975). However, all of the requirements cannot be
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satisfied simultaneously by existing laboratory facilities; thus, a
partial or approximate simulation must be used. This limitation
requires that atmospheric simulation for a particular wind-engineering
application must be designed to simulate most accurately those scales
of motion which are of significance for the given application.

2.2.1 Partial Simulation of the Atmospheric Boundary Layer

A partial simulation is practically realizable only because the
kinematics and dynamics of flow sysﬁems are independent above a critical
Reynolds number (Schlichting, 1968; Zoric, 1972). The magnitude of
this critical Reynolds number will depend upon the geometry of the flow
system being studied. Halitsky (1969) reported that for concentration
measurements on a cube placed in a near uniform flow field the Reynolds
number required for invariance of the concentration distribution over
the cube surface and downwind need only e#ceed 11,000. A value as low
as 3000 may be used if measurements are restricted to regions away from
the immediate building surface. Because of this invariance, exact
similarity of Reynolds parameter was unnecessary in the present research
since characteristic values always exceeded‘AOOO.

Too low a model Reynolds number implies greater dominance of
viscous forces than is found in the prototype situations. Greater
viscous effects result in higher dissipation rates for turbulence and
a lower rate of scalar dispersion. For the circumstances of the ESTS
test configuration any mismatch in Reynolds number physics should result
in higher ING vapor concentrations and a conservative prediction of
concentraton levels at plant boundaries (see extended discussion on

conservative nature of tests in Section 2.5).
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When the flow scale being modeled is small enough such that the
turning of the mean wind directions with heights is unimportant,
similarity of the Rossby number may be relaxed. For the case of
dispersion of LNG near the ground level the Coriolis effect on the plume
motion would be extremely small and the exact Rossby number similarity
was also considered unnecessary. |

The Eckert number for air is equivalent to 0.4 Mi (Z;Q) where Ma is
the Mach number (Hinze, 1975). For the wind and temperatuie differences
which occur in either the atmosphere or the laboratory flow the Eckert
number is very small; thus, the effects of dissipation of kinetic energy
into thermal energy is negligible for both model and prototype. Eckert
number equality is not required.

Prandtl number equality is obtained since it is dependent on the
molecular properties of the working fluid which is air for both model
and prototype.

Bulk Richardson number equality may be obtained in special
laboratory facilities such as the Meteorological Wind Tunnel at Colorado
State University (Plate, 1963). For neutral flow conditions, bulk
Richardson number equality is obtained in the present research.

Quite often during the modeling of a specific flow phenomena it is
sufficie;t to model only a portion of the boundary layer or a portion of
the spectral energy distribution. This relaxation allows more flexibil-~
ity in the choice of the length scale that is to be used in a model
study. When this technique is employed it is common to scale the flow
by any combination of the following length scales, &, the portion of the
boundary layer to be simulated; z the aerodynamic roughness; A, the

integral length scale of the velocity fluctuatioms, or Ap, the wave
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length at which the peak spectral energy is observed. Unfortunately,
many of the scaling parameters and characteristic profiles are difficult
to obtain in the atmosphere. Counihan (1975) has summarized measured
values of some of these different descriptions for the atmospheric flow
at many different sites and flow conditions.

2.3 Physical Modeling of Plume Motion

In addition to modeling the turbulent structure of the atmospheric
boundary layer in the vicinity of a test site it is necessary to scale
the plume source conditions. The similitude approach, (Kline, 1965),
determines scaling parameters by reasoning that the mass ratios, force
ratios, energy ratios, and property ratios should be equal for both
model and prototype. The dynamics of gaseous plume behavior leads
to the following nondimensional parameters of importance (Hoot, 1974;

Skinner, 1978; Snyder, 1972,1981; Halitsky, 1969):1’2

mass flow of plume
effective mass flow of air

Mass Ratio =

pswsAs - psQ

anaAa anaL2

’

inertia of plume
effective inertia of air

Momentum Ratio ; =

2

pswiAS pSQ
- 2 2.4

anaAa anaL

1It has been assumed that the dominant transfer mechanism is that of
turbulent entrainment. Thus the transfer processes of heat conduction,
convection, and radiation are negligible.

2The scaling of plume Reynolds number is also a significant parameter.
Its effects are invariant over a large range thus making it possible
to scale the distribution of mean and turbulent velocities and relax
exact parameter equality.
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_ effective inertia of air

Densimetric Froude

No. (Fr) ~ buoyancy of plume
2 2
anaAa Ua
T glp. - PV, T T p_-p
e O )
Pa

_. Volume flow of plume
T effective volume flow of air

Volume Flux Ratio

_Q

UL2

In order to obtain simultaneous simulation of these four parameters, it
is necessary to maintain equality of the plume's specific gravity ps/pa.
This constraint is often found over-restrictive as discussed in the
following section.

2.3.1 Partial Simuldtion of Plume Motion

The restriction to an exact variation of the density ratio for
the entire life of a plume is difficult to meet for plumes which
éimultaneously vary in molecular weight and temperature. To emphasize
this point more clearly, consider the mixing of two volumes of gas,
one being the source gas, Vs, the other being ambient air, Va.
Consideration of the conservation of mass and energy for this system

yields (Skinner and Ludwig, 1978)-:1

p
¥s * Va

_5
pa
C C
p.M pM T
S S S S a
e T\t T stV
S Pa a Pa a s

1The pertinent assumption in this derivation is that the gases are ideal
and properties are constant.
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If the temperature of the air, Ta’ equals the temperature of the source
gases, Ts’ or if the product, CPM, is equal for both source gas and air

then the equation reduces to:

Pg v

= + Vv
Pg_Pa ® °
p ¥y +V :
a ] a_

Thus for two prototype cases: 1) an isothermal plume aﬁd 2) a thermal
plume which is composed mostly of air, it does not matter how one
produces the model density ratio as long as the initial densify ratio
value is equal for béth model and prototype.

For a plume whose temperature, molecular weight, and specific heat
are all different from that of the ambient air, i.e., a cold natural gas
plume, equality in the variation of the density ratio upon mixing is
not possible if one is to model utilizing a gas different from that of
the prototype.1 In most situations this deviation from exact similarity
is very small. This point is discussed further in Section 2.5 where it
is argued the influence on a modeled plume is conservative, i.e., the
modeled plume should predict larger distances to LFL.

Scaling of the effects of heat transfer by conduction, convection,
radiation, or latent heat release from entrained water vapor cannot be
reproduced when the model source gas and environment are isothermal.
Fortunately the effects of heat transfer by conduction, convection, and
radiation from the environment are small enough that the plume buoyancy

essentially remains unchanged. The absence of these effects are argued

1If one was to use a gas whose temperature is different from that of the
ambient air then consideration of similarity in the scaling of the
energy ratios must be considered.
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to be conservative for the purposes of hazard predictions. The
influence of latent heat release by moisture upon the plume's buoyancy
is a function of the quantity of water vapor present in the plume and
the humidity of the ambient atmosphere. Such phase change effects on
plume buoyancy can be very pronounced in some prototype situations.
Figure 1 displays the variation of specific gravity from a spill of
liquified natural gas in atmospheres of different humidities. Humidity
effects are expected to reduce the extent in space and time of plume
buoyancy dominance on plume motion. Hence a dry adiabatic condition
should be conservative in terms of distances to lower flammability limit
(LFL).

Equality of densimetric Froude number results in the following

relationship between model and prototype velocity fields:

5.6. -1\ /2 1/2
(v)=Gems)  (2) ™ (6)
a/m S.G.p-l L.S. a/p

where S.G. is the specific gravity, (ps/pa), and L.S. is the length
scale, (Lp/Lm). When the prototype velocity is low, the equivalent
model velocity utilizing the above relationship is also extremély low.
This factor tends to control the minimum prototype wind speed which may
be simulated. A performance envelope suggesting the range of spill
conditions possible in the EWI are noted in Figure D-4 and D-5 of

Appendix D.

2.4 Modeling of Plume Dispersion at Energy Terminal Service Corporation
(ETSC) Facility

In the sections above a review of the extent to which wind tunnels
can model plume dispersion in the atmospheric boundary layer has been

presented. In this section these arguments are applied to the specific
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case of an ING spill at the Energy Terminal Service Corporation

facility.

2.4.1 Physical Modeling of the ETSC Atmospheric Surface Layer

The neutral boundary layer was generated in the Environmental Wind
Tunnel (EWT) using spires in the entrance of the tunnel and 2.54 cm
(1 in.) roughness on the floor. The wind speeds are referenced to a
6.1 m (prototype) height. The aerodynamic roughness, Z and power law
exponent, o, were specified such that the boundary layer profile is

similar to that expected at the ETSC facility.

2.4.2 Physical Modeling of the ETSC Spill Plume

The buoyancy of a plume resulting from a ING spill is primarily a
function of both the mole fraction of methane and temperature. If the
plume entrains air adiabatically, then the plume would remain negatively
buoyant for its entire lifetime. If the humidity of the atmosphere were
high then the state of buoyancy of the plume will vary from negative to
weakly positive. These density variations are shown in Figure 1, which
illustrates the specific gravity of mixtures of methane initially at
boiloff temperature with ambient air and water vapor.

Since the adiabatic plume éssumption will yield the most
conservative downwind dispersion estimates, this situation was simu-
lated. Several investigators‘have confirmed that the densimetric Froude
number is the parameter which governs plume séread rate, trajectory,
plume size and entrainment during initial dense plume dilution (Hoot and
Meroney, 1974; Bodurtha, 1961; Van Ulden, 1974; Boyle and Kneebone,
1973; and Neff and Meroney, 1979; Meroney, Neff, and Kothari, 1980).
Argon was used as an isothermal model gas to simulate the behavior of a

cold methane plume. Argon provides almost eight times the detection
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sensitivity for instantaneous concentration measurements as the carbon
dioxide used in some previous studies (Meroney, 1977). The variation of
specific gravity with equivalent observed mole fraction of methane and
Argon is plotted in Figure 2. The variation of Froude number with
equivalent mole fraction of methane for the simulation gas used, Argon,
is plotted in Figure 3. Over the concentration range where the buoyancy
forces are dominant, the variation of the Froude number is conserva-
tively simulated. Undistorted scaling of velocity components was main-
tained which implies the undistorted scaling of source strength for all
three prototype wind speeds of 2.90 m/sec (6.5 mph), and 4.46 m/sec (10
mph) and 6.69 m/sec (15 mph). The boiloff areas and rate values used
for modeling were provided by Arthur D. Little, Inc. for ETSC.
Preliminary calculations (Aravamudan and Drake, 1981) showed that
the expected concentrat%ons are small in magnitude near the property
line of ETSC for a LNG spill rate of 7000 gpm over a 10 minute duration
as a result of a pipe failure. Hence, the preliminary tests were per-
formed for a 7000 gpm spill rate for unlimited time duration (continuous
spill) to determine the worst case scenerio. This continuous high spill
rate would result in the conservative estimate of the concentration at
the property line of ETSC. Next additional tests were performed with
half the initial spill area of the dike or process area but the same
spill rate. The tests were then conducted for a LNG spill rate of 3500
gpm for unlimited time duration. The Materials Transportation Bureau
(MTB) vapor exclusion =zone requirement is based on a 2.5% mean gas
concentration or one half the lower flammable limit of 5% for methane in
air. The turbulently dispersing vapor contains regions of instantaneous

concentrations higher and lower than the average. Thus MTB is allowing
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a peak to average ratio of two to reduce the likelihood of localized
flammable concentrations of vapor beyond the vapor dispersion exclusion
zone. The tests were also performed with the approach flow velocity
profile having the more conservative lower turbulence characteristics of
a rural atmosphere. Three worst case sceneries from the preliminary
tests were selected and resimulated with the LNG spill rate of 7000 gpm
but for 10 minute spill duration. Concentration time histories at
downwind locations were recorded to determine peak expected concentra-
tion levels.

Since the design spill duration (10 minutes) is finite,
concentrations are time dependent or nonstationary. In this case it is
inappropriate to interprét the instantaneous concentrations measured as
mean concentrations. Indeed classical.Pasquill-Gifford~type analysis
are calibrated with field concentration measurements averaged over 10
minutes. A running mean of the concentration time histories have been
produced for equivalent averaging time of 1, 2, 3 and 10 minutes. Ten
minute averages are generally at least two times smaller than peak
concentrations recorded during the model tests.

Since the thermally variable prototype gas was simulated by an
isothermal simulation gas, the concentration measurements observed in
the model must be adjusted to equivalent concentrations that would be
measured in the field. This relationship which is derived in Appendix A .

is:
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where
Xp = volume or mole fraction measured during the model tests,
TS = source temperature of LNG during prototype conditions, and
Ta = ambient air temperature during prototype conditions.

2.5 A Comservative Simulation Strategy

It is desirable during mathematical or physical modeling of LNG
vapor plume behavior to provide the maximum degree of conservatism
possible to allow for the uncertainties of model development, instrument
resolution, and statistical wvariability. A basic premise of the hazard
analysis strategy followed herein is that:

A meteorological and spill configuration which meets DOT
regulations under conservative constraints will definitely meet
regulations under specified design conditions.

A conservative constraint is one which can logically be expected to
produce higher gﬁound level concentrations at the plant boundaries.
When concentrations below 2.5% mean are produced under conservative
conditions, the situation may be considered to meet DOT requirements.

On the other hand if conservative criteria produce concentrations
greater than 2.5% mean at plant boundaries, then it is necessary to
successively decrease the degree of conservatism to determine if a
less-conservative scenario will comply with regulations. In no case
does this imply tests with less than the DOT regulation specified spill
conditions. The specified design release would be a 10 minute spill at
a rate of 3015 gpm.

Conservatisms were introduced into the physical model at two
levels. There are specified initial conditions which can be varied such
as source spill rate, spill area, source spill duration, and vapor

barrier fence height. There are inherent conservatisms associated with
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the nature of the model method selected such as the use of isothermal
model gases, zero humidity, zero wall heat fluxes, and neutral atmo-
spheric stratification. The nature of each of these assumptions are

discussed separately below.

Overestimation of Source Spill Rate

The specified design spill is based on rupture of a single transfer
pipe (or multiple pipes that lack provisions to prevent parallel flow)
which has the greatest overall flow capacity, discharging at maximum
potential capacity. In the case of ETSC for the proposed new facility,
this would be 360 MM SCFD or 3015 gpm. All model tests were performed
with either 7000 or 3500 gpm equivalent flow rates. Since concentra-
tions are expected to vary more or less directly with source strength

this implies a factor of safety of 2.32 and 1.16 respectively.

Underestimation of Vapor Detention Space

‘The vapor detention areas provided for the tank area by the
existing earthen dike (D) and for the process area by a proposed vapor
barrier fence (P) are 58,700 m2 and 34,900 m2 respectively. When a
source is released over a smaller area but retains the same overall
source strength larger concentrations are expected at plant boundaries.
A concentrated area source maintains its identity for a larger time
since the larger eddy sizes merely displace the resultant plume rather
than dilute it. 8ix tests during the model test series were performed
over release areas approximately one-half those of the areas permitted
by DOT regulations (i.e., D/2 and P*/2).

Overestimation of Source Spill Duration

Forty eight of the fifty one model scenarios were simulated with

a continuous rather than a finite duration spill. The design basis
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accident specifies a minimum release time of 10 minutes. During a
continuous plume release successive puffs travel downwind to overlap in
time and space. This superposition of scalar transport results in
higher local concentrations than would occur from any finite release
alone. Experiments performed by Meroney et al. (1976) for LNG vapor
dispersion downwind of tank/dike complexes found that mean concentration
measurements made at constant boiloff rates always upper bound condi-
tions of the maximum concentrations detected during any transient
boiloff situation.

Underestimation of Vapor Barrier Fence Height

Model vapor barrier fence heights of 2.44, 4.88, and 7.32 m were
examined. The minimum- height considered exceeds that required to
enclose the totalimethane volume generated during the specified design
spill but is 1less than the proposed vapor barrier height to be
installed. Vapor dispersing over the top of a vapor barrier fence has
an increased rate of dilution over ground surface releases. In addition
mechanical mixing behind wind breaks or fences increase directly propor-
tional to fence height. Tests performed with low fence heights under-
estimate this additional vertical dispersion, increases ‘dispersion

distances and over estimates the dispersion hazards.

Physical Model Implies Zero Humidity

Latent heat release during condensation and ffeezing of water vapor
mixed with cold methane plumekdecreases the density of the methane cloud
(see Figure 1). The dgcrease in density results in less inhibition of
mixing by buoyancy, smaller concentrations, deeper «clouds, and the

LFL will occur closer to the source. Since the model experiment is



23

performed in a room-temperature environment, humidity plays no role;

thus the model overestimates dispersion hazards.

Physical Model Implies a Zero Surface Heat Flux Condition

Radiation and sufface heat transport to cold methane plumes
normally act to decrease the bulk density of the cloud. This results in
increased mixing within the cloud, greater rates of air entrainment,
smaller concentrations, and an LFL which occurs closer to the source.
Indeed, in calm situations heat transport is expected to eventually
result in a buoyant cloud which would rise vertically above the plant
site. An isothermal model gas behaves as a cold plume undergoing
adiabatic entrainment (i.e., no heat tramsport across plume boundaries).

Such a plume over estimates dispersion hazards.

Isothermal Plume Mixing Results in Less Persistent Density Effects

The bulk plume negative buoyancy can be represented as (g %g ¥),
where Ap/pa 1is fractional density excess over air density and ¥ is
total vapor volume. During adiabatic entrainment of an isothermal dense
gas this function is a constant. However, for cold methane gases mixed
adiabatically with air this negative buoyancy increases by nearly one
half. This results from the difference between specific heat capaci-
ties and gas constants of methane and air (Fay, 1980; Equation (4.1)).
This effect will offset some of the conservatism claimed in other areas.
Nonetheless the Froude number is nearly correct for significant dilutions
(see Figure 3), and model calculations predict equal or higher concen-
tration values at equivalent times and distances when the model results

are corrected to prototype source strength.
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Physical Model Implies a Neutral Atmospheric Stability

Climatological data for the International Airport, Newark, New
Jersey suggests that Pasquill-Gifford stability conditions of A, B, C,
and D occur about 75% of the time (Aravamudan and Drake, 1981). Greater
atmospheric mixing normally occurs during A, B, and C situations; there-
fore a plume released during class D (neutral) conditions will maintain
higher concentrations during advection under equivalent wind speed
conditions. On the other hand experiments performed by Meroney et al.
(1977) for model releases in category D and F simulated atmospheric
boundary layers produced no significant difference in plume dispersion
in the near field behind tanks and dikes (i.e., the x/H ~ 20). Kothari
et al. (1979) have performed extensive measurements of mean velocity,
mean temperature, and turbulence intensity in the wake of buildings
placed in a stably stratified turbulent boundary layer. These tests
showed that the effects of buildings persisted as long as 60 heights
downstream of the buildings in the test. The measurement showed the
higher turbulence intensity and excess temperature in the building
wakes. Because of the observed excess temperature in the wake, the wake
stability was approximately two categories more unstable than that
suggested by the Pasquill-Gifford curves for the background flow
stability. A similar conclusion was obtained by Allwine et al. (1980)
in their stable flow diffusion experiments in the presence of building
wakes. Thus, it can be concluded that even if the present experiments
would have been performed in the stable approach flow, the stability
would have been destroyed by the fences and tanks and the experimental

results would be essentially the same as for the neutral stability case.
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Therefore, the "F'" stability condition called for in the DOT regulations
(Part 193) is not relevant in this case because of the introduction of
turbulence by the tanks, fence and other structures in the immediate
area.

In summary the conservative simulation strategy followed was to:

1. Initially test with maximum specifiable conservative test
conditions. If the 2.5% mean concentrational level is not
exceeded for a given spill area, wind speed, or wind direction
proceed to the next condition.

2. If the 2.5% mean concentration level is exceeded at plant
sites during a cogservative test successively reduce the level
of conservatism by
a) increase of vapor barrier fence height,

b) decrease of LNG spill rate, or
c¢) reduction in duration of spill.

3. Since at a minimum certain nonspecifiable conservative
assumptions are retained the ETSC facility may be shown to

meet DOT regulations.
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3.0 DATA ACQUISITION AND ANALYSIS

The experimental model scale measurements and the necessary‘
conversion of these quantities to meaningful field equivalent quantities
are described in this section. Attention has been given to the limita-
tions of the techniques. Some of the methods are conventional and
require little elaboration.

3.1 Wind Tunnel Facilities

All concentration measurements were performed in the Environmental
Wind Tunnel (EWT). A schematic of the tunnel is shown in Figure 4.
This tunnel is designed to study atmospheric flow phenomena. It has
special features such as an adjustable ceiling, rotatable turntables,
transparent boundary walls, and a long test section to permit reproduc-
tion of micrometeorological behavior at lower scales. Reference (model)
wind speeds of 0.10 to 12 m/s and a boundary layer thickness up to 1 m
at a downstream distance of 6 m from the tunnel entrance can be obtained
with the use of the vortex generators and trip at the entrance of the
test section and surface roughness on the floor. Additional flow
straightener tubes were installed at the front of the test section to
produce a larger wind tunnel pressure drop which permits the blower to
be run at higher and more stable rotational speeds. A flexible test
section roof facilitates an adjustment in test section height to obtain
a zero longitudinal pressure gradient. The vortex generators at the
test section entrance were followed by 11 m of a false floor with rough-
ness elements 2.54 cm (1 in.) in height.
3.2 Model

A 1:250 scale model of the Energy Service Terminal Corporation

facility was constructed from masonite sheet. The LNG tanks (number 3
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and 5), process area buildings and vaporizers were constructed from
plexiglass. The vapor barrier fence and dike were also constructed to a
scale of 1:250. The dike sides have a constant slope of 2:1. The -
proposed vapor barrier fence will enclose all sides of the process area
exceét that adjacent to the earthen dike. Refer to figure 16 for the
fence location for the "P" and "D" tests. The vapor barrier fence was
modified at the North-East end to enclose all sides of the P* process
area except that adjacent to the dike during tests identified as P*,
P*/Z orD/2 as shown in Figure 17. Although the vapor barrier fence
proposed will be thin- and sharp-edged, the fence used in the model had
a broad, flat top. A sharp-edged thin barrier produces maximum wake
dimensions and turbulence levels. Hence the more streamlined,
flat-topped barrier used in the model will produce a conservative
prediction of concentration levels at plant boundaries (see extended
discussion Section 2.5). The masonite plate was cut in the dike and
process area and replaced with cardboard plate with numerous holes of
approximately 2.54 cm (1 in.) diameter. A fine metallic mesh grid was
glued above the cardboard in the dike and the process area. The dike
area under the cardboard was divided into 33 smaller areas of
approximately 17.8 cm x 17.8 cm (7 in. x 7 in.) size. The process area
was divided into six areas. Each area was separated and sealed with
weather strips (see Figure 6).

The source gas, Argon, was stored in a high pressure cylinder and
passed through a flowmeter and then directed into a manifold having
fifty outlet ports. Thirty-three equal length tygon tubes having an
inside diameter of 0.16 cm (1/16 in.) were connected to the manifold
outlets. The rest of the manifold ports were interconnected or blocked

to avoid leakage. The tygon tubes from this manifold were fed
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underneath the wind tunnel, one to each of the thirty-three smaller
areas under the cardboard plate. The gas passed through the flowmeter
and into the manifold. The gas was divided evenly into'the thirty-three
tygon tubes and then passed into each of the sﬁaller areas under the
cardboard. The gas exited through the cardboard holes and fine metallic
grid with an even surface distribution.

During the process area releases, the source gas from the argon
cylinder was measured through a flowmeter and directed into the wind
tunnel through a tygon tube of inside diameter 2.5 cm (1 in.). This
tygon tube was connected to a brass tube running parallel to the process
area fence and at the center of the process area. Holes of 0.16 cm
(1/16 in.) diameter‘were drilled approximately 3.0 cm apart along the
length'of the tubes. Each hole was facing downward towards the wind
tunnel floor. The source gas was directed from the flowmeter and tygon
tube to the brass tube. The gas was subsequently emitted out of each of
the small holes on the brass tube. The gas exited through the cardboard
holes and fine metallic grid with even distribution. The ETSC model
installed in the wind tunnel and the 33 model LNG release areas under
the cardboard plate are shown in Figures 5 and 6, respectively.

3.3 Wind Profiles and Turbulence Measurements

Measurements of mean velocity and turbulence intensity were -
accomplished with a single hot-film anemometer with film axis horizon-
tal. The instrumentation used was a Thermo-Systems constant temperature
anemometer model 1050 connected to a 2.54 x 10-3 cm diameter platinum
film sensing element 0.0508 cm long. The output of the constant temper-
ature anemometer was directed to an on-line data acquisition system

consisting of a Hewlett-Packard 21 MX Computer, disc unit, card reader,
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printer, Digi-Data digital tape drive and a Preston Scientific Analog-
digitél converter. The data was processed immediately;intd mean veloci-
ties and turbulence intensities at each corresponding height and stored
on the computer disc for printout or further analysis.

Calibration of the hot-film anemometer was performed using a
calibrator suitable for low velocity and developed by CSU staff. The

calibration data were fit to a variable exponent King's law relationship

g2 = A + BU"
where E is the hot-wire output voltage, U is the velocity and A, B, and
n are coefficents selected to fit the calibration data. All measure-~
ments were performed with a sample rate of 100 samples per second for
60 seconds, and by means of the above calibraton relationship converted
to the mean velocity. The King's law relationship is not normally used
for very low velocities where the heat transfer from the sensor is
governed by mixed force/free convection; hence, the absolute accuraéy of
velocity measurements is *10% at such low velocities; however, relative
magnitudes are consistent. The fluctuating velocity may be character-
ized by the statistic Urms (root-meanquuare velocity). It was

calculated from

2E E

rms

Urms = -1
Bn Un

where Erms is the root-mean-square of voltage output from the
anemometer and A, B and n are calibration constants. The local
turbulence intensity, Urms/U was then calculated. The hot~film was
mounted on a vertical traverse and positioned over the measurement
location on the model to obtain the mean velocity and turbulence

intensity profiles. The velocity data reduction flow chart is shown in

Figure 7.
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3.4 Concentration Measurements

The local concentrations of methane produced during an LNG spill
are time dependent; hence it is necessary to have a transducer with a
fast response time to concentration fluctuations. A set of eight
éspirating hot wire probes was utilized for the present study.

3.4.1 Hot Wire Aspirating Probe

The ©basic principles governing the behavior of a hot wire
aspirating probe have been discused by Blackshear and Fingerson (1962),
Brown and Rebollo (1972); and Kuretsky (1967). A schematic of eight
probes is presented in Figure 8. A vacuum source sufficient to choke
the flow through the small orifice just downwind of the sensing elements
was applied. The wires were operated in a éonstant temperature mode at
a temperature above that of the ambient air temperature. Feedback
amplifiers maintained a constant overheat resistance through adjustment
of the heating current. The change in output volfage from each sensor
corresponds to a change in heat transfer between each hot wire and the
sampling environment.

The heat transfef rate from a hot cylindrical wire to a gas flowing
over it depends primarily upon the wire diameter, the temperature dif-
ference between the wire and the gas, the thermal conductivity and
viscosity of the gas, and the gas velocity. For a wire in an aspirated
probe with a sonic throat, the gas velocity can be expressed as a func-
tion of the ratio of the probe cross-sectional area at the wire position
to the area at the throat, the specific heat ratio, and the speed of
sound in the gas. The latter two parameters, as well as the thermal
conductivity and viscosity of the gas mentioned earlier, are determined

by the gas composition and temperature. Hence, for a fixed probe
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geometry and wire temperature, the heat transfer rate, or the related
voltage drop across th; wire is a function of only the gas composition
and temperature. Since all tests performed in this study were in an
- isothermal flow situation, the wire's response was only a function of
gas composition.

During probe calibration known compositions of Argon-air mixtures
were circulated through a pre-heat exchanger to condition the gas to the
tunnel temperature environment. These known compositions were drawn
from a bottle of prepared gas composition provided bys Matheson
Laboratories. Figure 9 displays the measured variation of the voltage
drop with percentage of Argon in an Argon-air mixture for the overheat
ratio of 1.65. It should be noted that voltage E shown in Figure 9, is
the amplified voltage of the ;onstant temperature anemometer. Thus, the
actual sensitivity voltage is ten times smaller. For this overheat
ratio (temperéture of wire/ambient temperature) the voltage drop varies
linearly with Argon concentration. This particular overheat ratio of
1.65 was used during all wind tunnel measurements.

The eight instantaneous concentration sensors were operated by an
eight channel Thermo-Systems, Inc., anemometer system. The output
voltages from the anemometers were conditioned by a d.c. suppression
circuit, a passive low-pass filter circuit tuned to 100 Hz, and an
operational amplifier of times ten magnitude and then fed to the analog-
digital converter. The time series data were stored in the computer and
analyzed at a later time. The schematic of the system is shown in

Figure 10.

3.4.2 Errors in Concentration Measurement

The travel time from the sensor to the sonic choke limits the upper

frequency response of the probe. At high frequencies the correlation
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between concentration fluctuation and velocity fluctuations (velocity
fluctuations are a vresult of the changes of sonic velocity with
concentration) at the sensor begin to decline. The CSU aspirated probe
is expected to have a 1000 Hz upper frequency response, but, to improve
signal to noise characteristics, the signal was filtered at 100 Hz.
This is well above the frequencies of concentration fluctuations that
were expected to occur.

The errors caused by a linearity assumption in the reduction of
concentration data are approximately the component value (percent Argon)
+0.75 percent. The errors caused by calibration change due to
temperature drift are approximately 0.1 percent of the component value
per degree centigrade. Since the tunnel temperatures vary at most *5°C
during a given test period the maximum error due to temperature drift
would be 0.5 percent of the component value. Finally, peak results were
only accepted when they reproduced the same signal output within 10% of
component value of the calibration gas (i.e., at 0, 1, 5, 15 and 100%)
argon). Final concentration magnitudes are expected at worst to be
accurate to within #0.8% methane at equivalent concentrations of 2.5%
methane in air.

Instantaneous concentration fluctuations have been time averaged
over a 10 minute period during the continuous spill rate tests to
produce the values tabulated as mean (or average) concentrations in
Appendix A (See Table I). These values are equivalent to those obtained
during 10 minute sampling time at full scale. This is consistent with
accepted atmospheric dispersion analysis which incorporates dispersion
coefficients that have been determined by time-averaging. Thus they are

suitable for comparison with analytic or numerical models based on the
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generally used 10 minute time-averaging statistic. Peak concentrations
reported during the continuous spill and ’10 minute spill tests are
equivalent to values which may be exceeded less than 1% of the time.
4.0 TEST PROGRAM

The test program examined LNG spill behavior inside of either a
vapor feﬁce or an earthen dike. The program included two source config-
urations: a) continuous or unlimited spill duration, and b) transient
or 10 minute spill duration. The continuous spill rate obviously
results in an overly conservative estimate of the expected concentra-
tions as discussed previously. A total of three wind speeds, five
different release locatioms, three fence heights, three wind directiomns
and two boiloff rates were examined in the wind tunmnel.

A summary of all tests simulated in the laboratory is presented in
Table 1. Table 2 presents a comparison of prototype and model
conditions. All dimensions reported in the following discussions have
been converted to equivalent full scale values appropriate to the Energy
Terminal Service Corporation facility with the origin at the center of
the line joining the axis of tank number 3 and tank number 5. The
positive axis is in the direction of the prevailing wind. A right hand
coordinate system is utilized throughout the report.

Wind approach angles studied were 215°, 270°, and 315°. These were
selected to include minimum distances between potential spill areas and
plant boundaries as well as those cases where the secondary flows and
wakes introduced by the storage tanks were either most or least
pronounced. Based on past experience, it was felt that a wind direction
of 215° would produce the least turbulence from tank wakes on the vapors

resulting from a process area spill thus resulting in the longest
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downwind distances. Angles of 270° and 315° provided an opportunity to
observe increased entrainment produced by the tank wake regions.

4.1 Results and Discussion

4.1.1 Approach Velocities

The approach flow velocity profiles were measured upstream of the
model. The neutral flow situations were performed in the EWT and the
approach flow mean velocity and turbulence profiles are shown in Figure
11. The average velocity profile power-law index was 0.27. The fric-
tional velocities measured, uw,, were 5.7, 3.1, and 1.8 cm/sec; equiva-
lent to prototype values of 108, 59, and 34 cm/sec. These in turn
correspond to 2.9 (6.5 mph), 4.46 (10 mph) and 6.69 (15 mph) m/sec wind
speed at a 6.1 m height. Figure 12 shows an approach wvelocity and
turbulence profile for a smooth spread surface condition representing a
rural atmosphere. The velocity profile power-law exponent was 0.22.
The frictional velocity, u, was 1.9 cm/sec; equivalent to a prototype
value of 36 cm/sec which corresponds to a 4.46 m/sec (10 mph) wind speed
at 6.1 m height.

4.1.2 Concentration Measurement Results for LNG Spill Rates of 7000

gpm and 3500 gpm and Unlimited Time Duration

The preliminary experimental measurements of concentration were
performed for three wind directions, 215°, 270° and 315°, two wind
speeds, 4.46 m/sec (10 mph) and 6.69 m/sec (15 mph), two boiloff areas,
dike and process, two fence heights, 2.44 m (8 ft) and 4.88 m (16 ft),
with LNG spills of 7000 gpm and unlimited time duration. Subsequently,
additional tests were performed at 2.9 m/sec (6.5 mph), modified boiloff
areas and a 3500 gpm spill rate. The concentration measurements were

performed with Argon at room temperature and various downwind positions.
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Figures 13, 14, and 15, show the concentration measurement locations.
Figures 16, 17, and 18 show the various release areas and their
identification. Run numbers 1 through 23 were performed with the vapor
barrier fence enclosing process area P as noted on Figure 16. Run
numbers 23 through 51 were performed with the vapor barrier fence
modified to enclose the process érea P* as noted in Figure 17.

For each position and run computer disc files were created and
concentration data were stored for further analysis. In order to
extract the data from each file name, the following file name convention

is used throughout the report:

1. The first alphanumeric letter on each file indicates rake
position,

2. Next digit indicates the replication,

3. Next two digits indicate run number and

4, Last two digits relate sampling position for the particular

rake position.

The peak concentration, mean concentration and root-mean-square of
concentration fluctuation for the various measurement locations and
conditions are given in Appendix B, and location of the peak or mean
concentration isopleths are displayed on Figures 19 to 54.

It was noticed that for the same conditions, increase in the fence
height rgduced the concentration at a fixed location. Dispersion of the
ING plume was enhanced by the wakes of the two tanks for two wind direc-
tions, 270° and 315°. The measured concentrations were smaller in mag-
nitude then those found during a 215° wind direction test. As expected,
the concentration measurements were larger for 4.46 m/sec (10 mph) than

for 6.69 m/sec (15 mph). From these preliminary measurements it was
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concluded that concentrated vapor was carried farther downwind for a
2.44 m (8 ft) fence (run #9), than for a 4.88 m (16 ft) fence (run #10).
For both these runs a 2.5% mean concentration was observed outside the
ETSC property line. It should be noted that because of the unlimited
spill duration, this is a conservative estimate. To reduce mean concen-
tration, even for an unlimited time duration of LNG spill it was decided
to examine an alternative fence combination as shown in Figure 17. This
situation where the fence is farther from plant boundaries will be
referred to as P*., Two additional runs (#31 and 32) were performed. It
was determined that with continuous release, 4.46 m/sec (10 mph) wind
speed, 215° wind direction and 4.88 m (16 ft) fence (run #32), the mean
concentration were below 2.5% outside the ETSC facility boundary.
Analysis of the preliminary data showed that the plume extended
farther downwind for the lower wind speed. It was deemed advisable to
also measure concentration with a 2.9 m/sec (6.5 mph) wind speed (the
minimum wind speed at which the wind tunnel was steady and reliable).
This set of runs is identified by numbers 33 and 34. It was found that
the 2.5% mean concentration extended slightly outside the ETSC facility
boundary. Additional measurements were performed with half the P* area
(run #39) and half the dike area (run numbers 43 and 44) for a LNG spill
rate of 7000 gpm for unlimited time duration with 2.9 m/sec (6.5 mph)
wind speed. The mean concentrations exceeded 2.5% outside the ETSC
facility. One concentration measurement, run (#41), was performed with
approach flow smooth floor characteristics in the EWT which reproduces a
characteristic rural atmosphere. Again, the '2.5% mean concentrations
exceeded the critical values outside the ETSC facility. Six runs

(numbers 45 through 51) were also performed for a ING spill rate of
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3500 gpm for unlimited time duration with 2.9 m/sec (6.5 mph) wind
speed. It was determined that the mean concentrations at the ETSC
facility boundary were below 2.5%. It was determined that for
continuous spills, worst conditions exist with 215° wind direction, -
2.9 m/sec (6.5 mph) wind speed, and boiloff in P* area and P*/2 area,
corresponding to run numbers 33, 39, and 41. At zero wind speed the
vapor would not be expected to disperse laterally from the vapor fence

area.

4.1.3 Concentration Measurements Results with LNG Spill Rate of 7000

gpm for 10 minutes Duration

These tests were also performed with Argon at room temperature as a
simulation gas. For each position and run, the disc files were created
and concentration data were stored for further anmalysis. It should be
noted that the convention to extract data from each file name is the
samé as that used for continuous LNG release data.

The times of arrival, peak concentrations, and times of passage of
the plume for the various measurement locations are given in Appendix C.
Location of the peak and concentration isopleths are displayed in
Figures 55 to 58 for three transient runs (numbers 36, 40 and 42). For
all three runs, the distances to Lower Flammability Limit (peak concen-
tration of 5% by volume of methane) were inside ETSC property. Instan-
taneous peak concentrations of 2.5% by volume of methane were observed
outside the ETSC facility; howevér, measured instantaneous concentration
fluctuations never exceeded the LFL (5% level).

The conventional formulae referenced in 49 CFR 193, Appendix B of
the report "Evaluation of Vapor Control Methods," 1974, uses dispersion

parameters specified by Gifford developed from data time averaged over
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intervals varying from 3 minutes to one hour. The final tables of dis-
persion coefficients, O, and Gy, versus distances, x, are considered
to approximate 10 minute sample time results. When running averages are
made of the instantaneous concentrations signals in runs 36, 40 and 42
for averaging times of 1, 2, 3 and 10 minutes the adjusted curves look
like Figure 58. In no case does a 10 minute mean concentration exceed
2.5% mean levels at plant boundaries.

Meroney et al. (1980) and Kothari et al. (1981) observed that the
maximum ground level concentration occurs at an intermediate wind speed
rather than at a maximum or minimum wind speed when there is little or
no interaction with surface obstacles. This was shown during wind-
tunnel simulation of the 40 cubic meter spill series at China Lake for
wind speeds of 3, 5, and 7 meters/sec. Results suggest maximum
distances to LFL occurred between 5 and 7 m/sec (11 and 16 mph).
Subsequent field tests also suggest that for spill rates in this size
range maximum distances to LFL occur for velocities near 7 m/sec. A
3500 gpm spill over a 10 minute period is somewhat larger than 40 cubic
meters; however the effects of wind speed should be similar. The vapor
barrier fence will act to further diminish any tendency for the maximum
LFL to occur at low wind speeds. The vapor barrier fence will also
diminish any effect of variation in approach surface velocty profile as
the wind approaches over different upwind terrain. Since tests in the
ETSC model series were performed at 3 m/sec and above, it is felt that
the highest possible levels of concentration at plant boundaries were
measured. For the present worst case and the wind direction of 215°,
the interaction of LNG plume with surface obstacles is minimal. The

4.88 m (16 ft) fence around the process area acts as a containment
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device for the negatively buoyant LNG plume. Reductions of the wind
speed would result in less LNG vapor advection due to lower shear
displacement over the fence. Thus, the expected value of concentration
at the ETSC facility would be reduced by a reduction in the wind speed.
It is concluded that the flammable LNG mixture remains within the ETSC
facility, given a 4.88 m (16 ft) fence around the P* area or the P*/2
area, for the wind tunnel tests investigated.
4.2 Summary

The critical final consideration for approval of the ETSC facility
is whether concentrations greater than 2.5% mean exist at plant bound-
aries during a specified design release. Table 1 summarizes this feature
for each model test. It is noted in each case whether concentrations at
a plant boundary equal or exceed 5% mean, 5% peak, 2.5% mean, 2.5% peak,
or 1% mean. The table specifies a simple yes (Y) or no (N) in each case.

In no case does a 7000 gpm spill for 10 minutes exceed the 2.5%

mean concentration at the ETSC property line.
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5.0 CONCLUSIONS

A 1:250 scale model of the Energy Terminal Service Corporation
(ETSC) facility LNG storage tanks (numbers 3 and 5) and surroundings was
placed in the Environmental Wind Tunnel (EWT) at Colorado State Univer-
sity to determine the dispersion of ING vapor plumes under neutral
stability approach flow. Three wind speeds measured at 6.1 m above the
ground were simulated: 2.90, 4.46, and 6.69 m/sec, approaching from the
SW (215°), the W (270°) and the NW (315°) wind directions. Two areas;
process and dike; and two different spill rates for unlimited spill
duration (3500 and 7000 gpm) were investigated. Additional concentra-
tion measurements were also performed with spills onto half the process
area and half the dike area with unlimited spill duration and with ten
minute spill duration. Three fence heights (2.44, 4.88, and 7.32 m)
acting as vapor barriers were examined.

The experimental measurement program revealed the following plume
behavior:

1. The flammable methane-air cloud remains within the ETSC
property boundaries during all 10-minute pipe failure situations inves-

tigated. Concentrations never exceeded 5.0% (LFL) beyond the plant

boundaries. Mean concentrations did not exceed 2.5% at the plant
boundaries.
2. A progressive increase in fence height reduced the downwind

distance and the total surface area intercepted by concentrations
greater than the LFL. In some cases taller fences moved both mean and
peak 2.5% isoconcentration contours within plant boundaries.

3. For wind directions of 270° and 315° the large storage tanks
produced a highly turbulent wake region which intercepted the surfacé

plume. Plume dispersion was considerably enhanced by this additional
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aerodynamic mixing present in the tank wakes to the extent that even for
a maximum continuous spill in these directions, the average concentra-
tion did not exceed 2.5% at the property line.

4. Maximum concentrations at property boundaries were observed
for a wind direction of 215° and during ING spills in the process area.
Higher concentrations exist when a given spill rate quantity is released
in smaller spill areas.

5. LNG plume dispersion was enhanced by an increase in the wind
speed during unlimited duration spills. This conforms to experience for
passive gas dispersion. Peak plume concentrations during 10 minute
spills measured were only slightly influenced by wind speed.

6. Vertical profiles of gas concentration and plume visualization
indicated the dense plume inhibited vertical mixing and remained near
the surface. Maximum concentrations were measured at ground level.

7. The conservative nature of the test results in larger downwind
distances to 2.5% average or 59 peak concentrations than would be

expected under real conditions.
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Table 1. Summary of Tests and Results

LNG LNG LNG Concentration Value at
Run 1/ Wind Boiloff Fence Spill Spill Wind Speed Property Boundary Excceded
Number~' Direction Area Height Rate Duration at 6.1 m 5% 5% 2.5% 2.5% 1%
(degree) (m) (gpm)  (minutes) (m/sec) Meang/ Peak Mean Peak MeanZ/ Notes

1 315 P 2.44 7000 UL 4 .46 N N N Y N
2 315 P 4.88 7000 UL 4,46 N N N N N
3 315 P 2.44 7000 UL 6.69 N N N N N
4 315 P 4.88 7000 uL 6.69 . N N N N N
5 270 P 2.44 7000 uL 4.46 N N N Y N
6 270 P 4.88 7000 UL 4.46 N N N Y b4
7 270 P 2.44 7000 UL 6.69 N N N. Y Y
8 270 P 4.88 7000 uL 6.69 N N N N Y
g 215 P 2.44 7000 UL 4.46 N Y Y Y Y See Run 10
10 215 P 4.88 7000 UL 4.46 N N Y Y Y See Run 42
11 215 P 2.44 7000 UL 6.69 N Y Y Y Y See Run 12
12 215 P 4.88 7000 UL 6.69 N N N Y Y
13 315 D 2.44 7000 uL 4.46 N N N N N
14 315 D 4.88 7000 uL 4,46 N N N N N
15 315 b 2.44 7000 uL 6.69 N N N N Y
16 315 D 4.88 7000 UL 6.69 N N N N Y
17 270 D 2.44 7000 UL 4,46 N N N N Y
18 270 D 4.88 7000 uL 4 46 N N N N Y
19 270 D 2.44 7000 uL 6.69 N N N N Y
20 270 D 4.88 7000 UL 6.69 N N N N Y
21 215 1] 2.44 7000 UL 4.46 N N N N N
23 215 D 2.44 7000 uL 6.69 N N N N Y
31 215 p* 2.44 7000 UL 4,46 N Y Y Y Y See Rua 32
32 215 p* 4.88 7000 UL 4.46 N N N Y Y
33 215 p* 4.88 7000 UL 2.90 N Y Y Y Y See Run 34
34 215 ¥ 7.32 7000 uL 2.90 N N Y Y Y See Run 36
36 215 P 4.88 7000 10.0 2.90 N N N Y Y
39 215 P%/2 4.88 7000 uL 2.90 N Y Y Y Y See Run 40
40 215 /2 4.88 7000 10.0 2.90 N N N Y Y
410 215 /2 4.88 7000 UL 4,46 N Y Y Y Y See Run 42
420 215 pef2 4.88 7000 10.0 L. .46 N N N Y Y
43 270 D/2 4.88 7000 UL 2.90 N N N Y Y
h4 215 D/2 4.88 7000 UL 2.90 N N N Y Y
45 315 P5[2 4.88 7000 UL 2.90 N N N Y Y
46 215 B/2 4.88 3500 UL 2.90 N N N N Y
47 215 Prf2 4.88 3500 UL 2.90 N N N Y Y
48 270 D/2 4.88 3500 uL 2.90 N N N Y Y
49 270 PRJ2 4.88 3500 UL 2.90 N N N Y Y
50 315 n/2 4.88 3500 UL 2.90 N N N N Y
51 315 /2 4.88 3500 uL 2.90 N N N N Y

0 = Runs performed with approach velocity profile having smooth floor Y = Yes

characteristics. N = No

UL = Unlimited time duration i.e. continuous boiloff at spill rate of
7000 gpm or 3500 gpm.

= LNG Boiloff onto 100% process area (see Figure 16).

= LNG Boiloff onto 100% process area (see Figure 16).

LNG Boiloff onto slightly reduced process area (see Figure 17).

ING Boiloff onto half of P* area (see Figure 18).

= LNG Boiloff onto half of D area (see Figure 18),

1 runs performed with neutral stability,

p
D
P

*

> o
-

l/Run numbers are not consecutive, numbers
were determined by computer storage location
available at the test time, all experiments
performed are listed below.

g/"Hean" signifies a time average of 10 minutes.

9y



Table 2. Comparison of Prototype and Model Conditions

Characteristics Prototype Model
‘ Conditions Conditions
Tank Diameter, D (m) 40.97 0.164
Release Volume Rate, VLNG (gallons/min) 7000,3500 -
, Voo (m/sec) | 0.442,0.221 - )
, Vyg  (n°/sec) 101.66,50.83 85.4x10"0 42.7x10
Spill Duration Continuoué, 10 minutes Continuous, 45.6 sec
Specific Gravity of Source Gas 1.55 at boiloff temperature 1.38 at room temperature (~27°C)
Wind Speed (U) at 6.1 m (m/sec) 6.69,4.46,2.90 .35,.235,.153
Stability D D
PP,
Density ratio, (~E§——33£) 0.55 0.38
Pair
Reynolds number 2 at 6.1 m 1.96x107,1.37x107,8.49x10°  4.1x10%,2.8x103,1.76x10°
U2 -1 -2 -2 -1 -2 =2
Froude number Ap at 6.1 m 2.0x10 ~,9.0x10 ~,3.8x10 2.0x10 7,9.0x10 ©,3.8x10
g~D
p

Length scale 1:250

v = 0.142{10-4 mz/sec

Ly
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Figure 5. Energy Terminal Service Corporation Model
in the Environmental Wind Tunnel
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Figure 12. Velocity and Turbulence Profiles for Neutral Flow with Smooth Floor

69



Scale

0 50 100
meters

i Wind Direction 215° \

Note: |. Lateral Distance Between Sampling Points =12.5m - - i\
2. All Distances are in meters r

Figure 13. Concentration Measurement Locations for Wind Direction of 215°
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Run #1

Wind Direction 315°
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Figure 19.
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Run #2

Wind Direction 315°
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Figure 20. Concentration Isopleths
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Run #3
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Figure 21.
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Run #4

Wind Direction 315°
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Figure 22.

Concentration Isopleths
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Run #5
Wind Direction 270°
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Figure 23. Concentration Isopleths
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Run {6

Wind Direction 270°
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Figure 24. Concentration Isopleths

1L



Run #7
Wind Direction 270°
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Figure 25. Concentration Isopleths
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Run #8
Wind Direction 270°
LNG Boiloff Area P
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Figure 26. Concentration Isopleths
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Run #9

Wind Direction 215°

LNG Boiloff Area P
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Figure 27. Concentration Isopleths
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Run #10

Wind Direction 215°
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Figure 28. Concentration Isopleths
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Run #11

Wind Direction 215°

LNG Boiloff Area P

Fence Height 2.44 m (8.0 ft)
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Figure 29,

Concentration Isopleths
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Run #12
Wind Direction 215°
LNG Boiloff Area P
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Figure 30, Concentration Isopleths
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Run #13
Wind Direction 315°
LNG Boiloff Area D
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Figure 31. Concentration Isopleths
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Run #14

Wind Direction 315°
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Figure 32. Concentration Isopleths
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Run #15
Wind Direction 315°
LNG Boiloff Area D

Fence Height 2.44 m (8.0 ft)
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Figure 33. Concentration Isopleths

08



Run #16
Wind Direction 315°
LNG Boiloff Area D
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Figure 34.

Concentration Isopleths
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Run #17
Wind Direction 270°
LNG Boiloff Area D
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Figure 35, Concentration Isopleths
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Run #18

Wind Direction 270°

LNG Boiloff Area D

Fence Height 4.88 m (16.0 ft)

LNG Spill Rate 7000 gpm for
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Figure 36.

Concentration Isopleths
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Run #19

Wind Direction 270°
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Figure 37. Concentration Isopleths
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Run #21
Wind Direction 215°
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Figure 38. Concentration Isopleths
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Run #23
Wind Direction 215°
LNG Boiloff Area D
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Figure 39. Concentration Isopleths
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Run #31

Wind Direction 215°

LNG Boiloff Area P*

Fence Height 2.44 m (8.0 ft)
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Figure 40. Concentration Isopleths
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Run #32

Wind Direction 215°

LNG Boiloff Area P*

Fence Height 4.88 m (16.0 ft)

LNG Spill Rate 7000 gpm for
Unlimited Time Duration

Wind Speed 4.46 m/sec (10 mph)
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Run # 32
Concentration
—— 25% Peak
—==--— |.0% Mean

Figure 41, Concentration Isopleths

88



Run #33
Wind Direction 215°
LNG Boiloff Area P*
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Run # 33
Concentration

memme-e 50% Peak
—mem 2.5 % Peak

2.5% Mean

Scale
0 50 100

meters

Figure 42. Concentration Isopleths
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Run #34
Wind Direction 215°
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Figure 43. Concentration Isopleths
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Run #39
Wind Direction 215°
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Figure 44,

Concentration Isopleths
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Run #41

Wind Direction 215°

LNG Boiloff Area P*/2

Fence Height 4.88 m (16.0 ft)

LNG Spill Rate 7000 gpm for
Unlimited Time Duration

Wind Speed 4.46 m/sec (10 mph)
at 6.1 m Height

Run # 4l

Scale

50
meters

100

5.0% Peak
2.5% Mean

-

4

—

I
i
L

Concentration

Figure 45.

Concentration Isopleths

Z6



Run #43
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LNG Boiloff Area D/2

LNG Spill Rate 7000 gpm for

Unlimited Time Duration

Fence Height 4.88 m (16.0 ft) /
Wind Speed 2.90 m/sec (6.5 mph) l

at 6.1 m Height

Concentration
= |.0% Peak

~ Scale
0 50 100
meters

Figure 46. Concentration Isopleths
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Figure 47. Concentration Isopleths



Run #45
Wind Direction 315°
LNG Boiloff Area P*/2
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Figure 48. Concentration Isopleths
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Run #46 ~ e \
Wind Direction 215°
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Figure 49. Concentration Isopleths
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Run #47
Wind Direction 215°
LNG Boiloff Area P*/2

Fence Height 4.88 m (16.0 ft)

LNG Spill Rate 3500 gpm for
Unlimited Time Duration

Wind Speed 2.90 m/sec (6.5 mph)

at 6.1 m Height
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Figure 50. Concentration Isopleths
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Figure 51. Concentration Isopleths
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Run #49

Wind Direction 270°
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Figure 52.

Concentration Isopleths
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Figure 53. Concentration Isopleths
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Run #51

Wind Direction 315°

LNG Boiloff Area P#*/2

Fence Height 4.88 m (16.0 ft)

LNG Spill Rate 3500 gpm for
Unlimited Time Duration

Wind Speed 2.90 m/sec (6.5 mph)
at 6.1 m Height

Scale

Run # 5|

- Peak
—— 25%

e 0%

Concentration

Peak
Mean

2.5%

Mean

) 50
meters

100

Figure 54. Concentration Isopleths
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Figure 55. Concentration Isopleths
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Figure 56. Concentration Isopleths
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Run #42
Wind Direction 215°
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Figure 57. Concentration Isopleths
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APPENDIX A
THE CALCULATION OF MODEL SCALE FACTORS
As discussed previously in Section 2.3, the dominant scaling
criteria for the simulation of LNG vapor cloud physics are the Froude
number and volume flux ratios. By setting tﬁese parameters equal for
model and prototype the following relationships for the ETSC facility,
length scale (L.S.) 1:250, and a model gas specific gravity, (S.G.) of

1.38 were derived:

(]
B
I
/——\
wmj v
@ @
LT
L3N B |
bk |k
NS——
[y
~
[\
TN
e
7,10
~——
[y
~.
3~
*dd
It

0.053 U_ ,
P
s.e. -1\/2 /(23 .

1/2 1/2
§.G. -1 .
tn S\8T6. -1 (L.S.) £, = 0.076 ¢,
3

(A.1)

In addition to these scaling parameters governing the flow, the
mole fraction measured in the model should be scaled to its prototype
value. This scaling is required since the number of moles released in
thermal plumes are different than the number of moles being released in
an isothermal plume. The ;elationship is derived by Neff and Meroney

(1979) and given by

*n

i} - , (A.2)
+ (1 - %) —Rj
*n *m (Tm boiloff

Prototype boiloff temperature is approximately 111°K and model

release temperature is approximately 300°K, and hence,
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- Xm
N T F T -x) 0.37

(A.3)

This equation was used to convert the modeled Argon run

measurements to those that would be observed in the field.
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APPENDIX B
CONCENTRATION DATA WITH LNG SPILL RATES OF 7000 gpm AND 3500 gpm

FOR UNLIMITED TIME DURATION



110

o

[

=
¥
§
]
i
]
i

T et YUY PO Y vt - - SO < DT Do T vt oyl h<X5 (.rv

DRI P O QI P S DI W PIPY I O vt ot vt et OO A vt v ot et T e O vt IO a LRI M vt v Tyt
GO IODTUISTCOHOTTOOI OV IO LT OOICOHODOTOTOOCIOCRT ST OISO OO OTOOCDOO
SO OTOTT OO TOTTOCOUTOTOUCUOUT OO T COCTOOTU OO OO IO OO T U TOCITTIATDTSTIODOT

WIS P D PP IO I N SIS DN T I R D NN P O BTN P 025—(0.#7_5707-57..Vﬂ..S?Cn..EdﬁfU.).ﬁuvlU.?—S?.
Cdet SO P DU TP DT PIT " G WP DTPIC e —CIMNN WP OO O WP OD = OIS Y 2 s M U B QT U QN P O D e Y
LR D L R R R R R e R R R R D S I T T T T S | v vt vt ot et v N Yt ot ot ot et vt ok vt vt et vt N OF N O
[ I I T T T U O T N IO N N I N O

SOSPDOSLODCOIDIDOLTDIDOOVOICIOOVIO0VOIQOCEDVORODICOODODIOIOTDODRIOCDTHION
COOOVTLIDCDIVIDODCHIOIODODIIDOTIIODOCOIOCCOLRCVCTOIVNCOTVLIDIOIDOIITOTOCD
WWINDPVNDOINC OOV DOOOVOUOCSOHOOTTOOCOCHIODOOOOODIONVLINININDNVINIUVINIINIVIVIDOVVDGAON
ot Pt et vty gt oyt O 08 O 03] O 050 O 0o 03 DI O 0 CF O 1O O CF O OF O OLOG OF CF O (O 0 O 74 74 34 774 vt 7 4= 34 7838 s 74 rod o4 74 34 74 vt T vd 4t 0t v v
-
;

At ) DY OF <k Y U7 b TR O0d DT I I Cof (N vt xont 3ot 1d vt vod 1t vt vt 5 7ot vout ot o) vt 7t 0l ¥4 ot 2t yd vt vt vt P G vt vt A v R S O A (I e Dt O GO D O

B R R T T F o L R e R R e e e I oo < o4 A

WU T QS O vt S T W QI S vt ST W D vt NP WIS O et P YT W WS QO vt T WP T O vt F UT W QI O et F P WO T QD O v
COSOTT Attt GO T DO DAt T OO T DNt SOOI O OO OOV OO O D rtrt DO D O Drvev
el ol et ol ynd et ol et b ok ol vwod ok ol el o ok yob ol ek YoE YA A o o ok Yok wold yod ok ol ek Y ol ot yod Y e Tl Pod yd ot Sk Bod b ol vd ¥l Yok b b vod vl ymd b yod vk ol d e vl Ted od ol
OTOCOODCDOTUITIUTRLIDITOTIVDOTOOCTIADCOITIOLOICODOVCCOTICICOTOUDOCTOTOTODVLODIOT
DOVOUVODOLCOTLOOCRCTOOULCTDCUCTDCEOCOOICVIEOCOODCSTCOTDCOOCOCCOOLTTOTLOON
(EIE RIS LRI SERLEFuTalalndoale Pu PR FEIRTISTITTRTEINARENARIAVIR PR PN BN POR VIR T KL A0 SR A 5. D5 RN 22 Do u oo v - v ot Wi Sl SRR T e Tl e S B e e o - R ]



111

HEAR

A LI

--=---NODE

7«5544775454«544439—n‘?.??z.ﬁ.?u’d.izllal19—14&237.;12749;86427—232)—7«4431n&1ﬂ~1&.-11.1.9.2

B I

O OIOTY Y ¥ WY 2O T O 0 TV vl it b ot vast st =t €3] ot et b g et yont 3] wmd I R b L3 B b T R Do Y SN T 7 T L P S PRy -t
COTOVOVOVLITOOTUVTTOIOOOT TSI ITDITOCOTOTTOVODOTTOODTOSOTRCOOVOSOIOLOITD
e e e e e e e U e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CGTTUVOCOOVOOCOOT OO DU OTTUICTOOIIDIOO OO LT ICODITOTTTOTOT ST

ADOID PO NI D I WY G D P UV OF SR I DET O P S OFEIP D 0NN Te D OFEI P O D G S NN IS S5 I DD N L?:D?.V«{S?
(O et S BT R DT P WP D WYY Ot D P D EINI O vs ~t IO D G v NPT O T CO Oyt OTDTI W Pe G0 Dy ve O BI W3 T QO N W T 03 5 vt 1Y
I R R R R R R R Ry T F A U T U T O Tt ol ¥t ot et vt om0 Rk L L R e D e R T f el [ R ]
[0 N TN U I O T O I O B I O O I B .

|

MGOQOOOOOOOOOGOOOﬁ.nv0000}0QOOOQ‘JQOOOAVOO‘UgOQOOQQOeco&ooaoeoanoeoaﬁoo
< U00000000000000\.0000.00@.00000 DOTOOLTOIOCLOLODOITVIOVOVOCIOODODIDROOOLODC
VONVNDVNPOCVOOOCNVOCOOTAIVIGOODIOVIDVDCIVOTOOVODNNNIBNVINWININNIVNINIOOSVCDOOO
¥l v et 3t et 3t et et OO 0 o O O ©F OF 0T GO OFO05 04 OF O OF OF O OF O O €0 O $F O O 01 €08 O OF O 70 1ot 3 vt 0ot ot 3od 7t ol 9t vt 1ot ot 7ot 19 3 7ot 7t o yodoyod v vt et

i i

|
0 O8] € wot O Y D O 74 O 030 O € 94 78 7ot = onk et 3ont et o et vt 7od 3= 0 £ 00 3 1ot T 9t 3k 928 34 T3 7t 44 10 VT T 4t vl oot 9t ovod et ot 1t o (N 90 vt S vt O 74 O O O va vt

T AT Te 09 G O vt T UTAD P ) G0 € wat P U200 1 G ON < wet o U0 P €0 O 4D vt T U200 P K0 B < vt 11 Y740 P K0 BN D et P40 e €O 0N D vt 31 U9 80 P OGN 2 ot
COTODU TV OTI Dt OT DG DTt QDO DDt DOV DTt OO O Trtrd D DD O DD vt vt S DD OO vdve
WICECI OO OF O OLIN O OF OF (O OF O OF 0 O OF I 0T O R OE T OO0 O COf O OF €1 0 O O O O N C 4 OF CE O COTOE O TR O I O IO NFOTIN O KN I O
FOOTTLOCOODOLVDODOCLCTTITIUCTOIVODTOVSTOR VL IOCOITIODICODITLTIOTIOITITOOTD
CVOLCOOOCVOTVOOOLLOOTVCIOCCOUOTDIOOCORIOOTOITLOR2OCCUTDIOTOVCORODDOOTL OIS
WLOULWILLUOAAQAOAO MWW W LI LG G, te b U L G €T LT LT 0T 7 LY 0 L0 110 10 T 0% 287 200 100 20 68 Sont bk ol o St oot $h ™7 3~ 3 =) =D =D =3



112

o
<

=
(=
(&)

-
Ll N
a. -
>
e
Q
—
o
wmer e
O, ¥4 5 12
Tk
i
1oy
o
[
)
1 -~
v M=
14 -
3
i
3

s
wd
-
('

<
L)
=
]
] w
| b v
] @
t =
1

VIO D P LD PP O3 D P U0 S P D OIS N O OISO O CIUT RS S O P DO CHT T D CHIN I O (I P D T Be S 0 e O OHIN -
Ol = DO W NII P~ QUM O~ S G Oy I D P QI Dt CIPIIT DI RIS = OIDY I WP G 25wt OF RN WD Pe WY WP 03D e ALY
IOl iyttt t v d gt vt rdvdreewt | 1§ 8§ Tt O et v et et et (W ot e vl Yt ot el vt vl vt et g et T O D) O
| J00 T T T U T D N S NN S OO S M |

i

QWODCCUCUOOCVOVOVCTOOLOVOVOVOVOOIDIOIOOVIOHTOCOCOCOCOIIVDOOSOODISOCSOHCIODS

DPOROPIDEOOVVIDICODICIDVODOCAOSIVOVDISAOHCOCIVNVNBNNPPPIVNPINOCHIOIO
70 vt 7t ot =4 00 € Cof € €8 ENCoF C01 38 (1 €55 O ] CNE 81 €5 €00 00 £ €4 530 091 €5 €8 €4 T €oF (11 €80 €0 131 0 70 170 74 3 70 10 78 18 70 1k et 34 78 3l ¥ 3d 1 1 et d 90 1 7ot ek

Tt el ot 3t o) 0o G0 €0 8 3t O it 7ot O ot 3t oot 1t et e orot ot et vt 1ot 1t vt D P et vl Tl vt v vt 1t Pyt SO PV Ot D A e vt vt vt et vt r A T DN D O D D O

AR N 00 G 0 v P U 0 B 00 O D vt T Y0 e 7 O < vt 1 U7 P Q0 G5 2D vt o W 400 e K0T G0 00 vt o HY 0 B G OY ot 9 9 033 P O O <0 vt T YD ) Fe 0 B 4D vt
DVOITDT AT T DOVt DIODL DOt IO DT OOt OO DO DTt DOD T OO DO DDt O SO Dt
PIEYN DI ETEIRI Y DY DI NI DI BT DI I PP I DY P BIDIBIRT BRI MY (Y 0TI MY DY A BIDT I B IRIY M B M B DI I MY IS NI P O O DY
LORDCOODTOOOIOT VORI TLTIVTITICIIDIOONCOCITIODGVOODNCOULIDIDICOIDOTIDCHLODTOND
BVOOCCOOCVCOCLOLOVOROTTTODOTCUOVOILCOOICVCOTOTOHCOTOOOCICOOOCTIOOHOTDOD
[RIELEIELBLRIA LIS LT oo P VP R Y ITIRTISSTIVEVVISTIVY [ PR VR P PR TR T PP XL I3 YA T3 X 12, FX B 4 o - v b o L TRTRPR D ST S b R T R T e e R



113

AU
CGHE
L5

HE SR
CONC
[

TGHE = m=mmmm e e o
£

B e
=t o

1
2
[
<

COHNE

M

Y
[

cmemmmm e - FRGTRTYFE
PISITION

27«3-{2-&47«027:&37u74211ﬂ-:.:r-ﬂ.:)q?:quz111?.19.19:{11)-!.5537—17—327~23-&219-111.}_01010.

- v D DD <@ bl Ll ol < DD DOOC

O v Gy YN )53 O O 1) 080 O D WD YW vt e P O O ST I Y G i D vt MY O G I R R GO OV O S O S Gy DI I TH QI ) S D Ot S GO M O

DOCCOVODCLOORI ROV OISOV THIDOOLOD DOTOOOOTOSTOCSOTCOOTTOOOS

DO CIOCTTLTOTOOVOO OO LTI CTIOCOIVDCIIOCOCT OO T O OO OC OO OO IO
i

;U:uLS\US.USSQSGSGSGSOSQSGSOSCSOSGS..5&50505005¢505ﬂ~50505050505056505
IS DD P WO DR IOL S D WIS N U OIS OISR DO SO PO SO OO M Lzs?,(uﬂo_sn(O?-S?o?:ﬁ:( DN
Of wt (-87.657#3?5#5321087:.9:«3-{1 MUY DOt MU DI DO e ORI T W T OO0 v O PI U WD P Q27 40 e U5 D w O DY
IOl et vt vdvtrtrdptrtrevdvtre L 1 L L §§ T vt ot vt et vt (N At ottt et pnt ot et vord ¥4 4 o] O O (o)
[T O O AT BRI B i

COODOOOSUTOOOVIVOODCTTIIOIONDCOOVRCOIOCHONCOTOCTODOOVCOCDOOTROOVSTTOCT

DODOSDIDILSVHISOCOHSHCOOVODCOCOTOVIRNCOIOTDOVCTTOOITDDIICGDODSTIODIIDCOTLOSOT
NGNS COOOODOOCOVRNOCOOCTOITOIVOGVOOOODOICINVINIINWINBINIINNOVINNOOOODODO
T8 vt v et et et et OF O OF (N OF OV OF 1N €0 048 €8 €0 O O 0 €57 O €0 OF ©F CF OF OF 05 0 I OF 0 Cr T3 CoF €4 18 14 vt 1t o4 vd 18 et 74 10 o v 70 et vsd e o 3t 70 1t 9ot vl wed vl

B R B . AL o B B R A e e R e R R R R R P R R 1 T I o RO R PR PP PR N R R ey, S, Ve T v TP R o T'e TR

DOTOOOCOD O T OO0 = < ¢ OO OO0 O

,1.7u32°-4.9:(01°29~20nv027«1129.210709:1-..44.7.»31.9.1.1.1.42.57«31..1lovuMiz’uznz-XA.-looo.h'ﬂteo0

YPGB 4D s YT B CO UM D st o Y D P K0 B € ot T U0 P G2 O O vt 3 U7 A0 P D1 0N 25 vt T D0 P S 6N O T U AT P L0 BN <2 vt Y U AR F 0 OV XD v
CUITTOOHr OO0 OO OO VOI DO OVt DO OO OOD OO D OO T D re D O D OOy vt v
b A a4
COTIUCVCOOITUODCOCOILIVNCDTTVOOVOODVDIOTLICOVLOARIOL OOV CTTO OO OOD IS
COVCVCOODCROCVODOCHNODOOTDITOTVCOCICOTOCTOOCOROTOTORIVLOCHODIOIDOTODD
P-CCCCCCPND.DD.UD.UD»UEEEE-.:EC.EFFFFFFFFﬁuGGGGGGGHHHHHHHHx[IIIIIIJJJJJ.J.d.d



114

Ly
o
s,

&

Lo

=
1
t
=k
1ol
1
t

TYEH D et Ly Dyt P vd vt CI DY vt —r TS fo ke B

-y et CAPTROIPY S A YIS DIt et et GO ok vl vt (O CYCF TN et

DD SINDSSTNDINTPOISRIONONSNSINIONRNCNSNTINCNCN SN

DR OIS I GIO G P GO P D I WY OIS G W I DD P N D P P U 00 D P U OF S GHD . S O I D
QI D UIPYOL 1 T SO PV e 0 Qu.\.nu..t.bs-.uﬂ..1.2_10_6“.—.(657437..a:».?.:/..l et O D Y 0 e
P €At O O EADS GO 8 O O Pl vt D) vt rd vt rd vt b wded § § [ A ) had
LT T U T T N T N AN S N O TR T NN U U S N SO T R B T AN |

(21 .\.‘nvﬂwﬁv‘oe‘o.nvavﬁ\v0\.«&.0090.0.00.9\@000.0ﬂvgﬁ‘reﬁ.ﬁvﬁ‘e.ﬁfﬂufu.ﬁ‘ﬁro&oo.ﬂvf
DT DOODODORVOCDODSLOCDOQOOTOODO -QQOO_VOC DODLROTOTLOOCLD
PUODNONNIOOGIOSOoSDNNINNINGODIVCOCSOIOODOOO

Tt Ut 9t 4 etk ot ol e gk et 1ot ped vt ved ot Of € O O ) € OF O €3 O OB I EF O OO

DAL vt Ot vt G et ot O O ot ot OO (N0 IV €08 10 70 vt 9t vt 7ot 3t €08 Cof oot 3t 1ot 3t vt 7t €5 O 0 (N 70 1ot ot 2t vt 3t

YA P 03 0N D o U A e G0 % Lt 9 YN0 T G O S vt o Y500 e G ON £ vt 3 ) 1 P SO D vt o U D P GO TN (D v
VOBt OOV T I A OOV IOt GO I G TO Nt O DO D™t DT T Ty
5:u:e5.3=v5<q5_35=u5eessssﬁﬁscurdeqs:uSEqS=u555=45=.~555=.-5=u55555=v
CTDIDLOVDCDISOOGCVTTTOIDICCOTEITNITOTODOCTICIIDOOTIODT
ST UOTLOOL T COTTCHCITCOCOITOCT OO TOOVOCTCT T OO
CLTEECECEOOOWONONLONUVOOUULOLGOOGAAAGSWWNKLWLIW L WL b o



POSITION
1
(W3

115

et et e ] et 5] Ot et O CHUT et Lt (O PIPY ot et et vt U3 ol et A G O O] et Y CF O Ol vt Ol et et DY Dt S Sy
SOOI THOSOTOSOITOOTOODOTI OO OCIT OO OO DT OISO ODNSOTOSOOOTOIODD

D IO P IS O SN D] D S P O O P U ORUI 0L P 2 ORI P BN O S S 57 D SN s D S B S BHOY R D CHD I 2
ST DI CYed Pt D IDY CI ot 200 S LI P D UI P Gl vt O ot DO P B RIPTOIF e DUIPIOF v GO T L O P T WO Pe OBy |
IS IS DA TS TSI ES T P Tt T I RO DT FuT R S R R AL SR R e B o En h o R L0 SR T S S SN S T B 2N S S { ot et o vt vk et et ]

I T T T T T O O N T N T T N T S A A N A S NN B I |

'
CPODODLODODOCOCLODTOCOLOeDTVOTIVDLOCRCELOIOICOIIOCOROTDOOCDOOIOTD

SOOI TODODTOIOITTOOCOTCOLOCOOTOOOTOULOITTCOLOOTTOODICOOCODTDDOTOLSD
PDNBIBLNCOOLH OO LNV OOLHSDOODOHLOSDODUINIIININUIN
T 7ot el gt Yt ool Pl et vt nd et et vt gt vl v (N O3 DD 000 T O] Ol €oF O] CF O OF Cof O (M 74 18 ¥4 3 ok ot et vt

et vt vt O] O et vt ot Cof vt 03 o8 =t €3] CUTYY vt o8 et ot 139 03] 0 03] 3ot 20t vt opod ot o ot youd cyot wond opod ok ot et C2f et 08 vt ot 3t 5 0t (D > D Tl D D Oy

L QOO (3] LSOO TS SOOD DD

i

PFC D D GN LD 4D Dt O O W T €10 s (I UN LT 2D €0 OV T < OFPI TP IY WD Foo o) vt U7 W QO O% 5 P 52 B9 E0 OF e G0 000 ¥ NP O 40 v D A S0 O

- - < el [T ) - O R .

T

HUP DO DD vt PP WD S vt T U D WO vt U P WG O vt P U WO QI S vt U WP D) OV D et T KT B T LI ON vt
SO TOD it GO OO TVt TV OV TVt OO OOt O D OO O D et vt GO D O vt ot O DO D Dy wetoet
7 2 A D D B W A o Y L D D D A A R D D ) 8T AP D D 40 D Y a7 T N P A T D A D ) D D D ) D o) e e wad o) WD ) D D D D
GOOCUIDOCTLVOVTDTVIOCLCOCO DT TOT IRV UICDIIICIITTOTDCT OO IS
COOGDOOIDSOCOOILOCUTOOCHLODVODTLITCOOVTVTTITDODCOHIDSTOOTTSOOIODDOD
EEXLZRER T TRAOADONACOIOVIOIOLOOAOGOOOWLIIWI L L LW b b, Ll eI e ey



116

[

tm
prat ne ¥
[SS % R

Sem o e e
SE B
c

~

i

Un

mmem e o= PROTOTY
FOSITION

]

LI bt
P EON
L X & A
1
i
'

11
FILE
HANE

7»7.9._1‘.\L7u42.\..5&\{n£36_344€437.-9-539—«:\4—«.&1;‘{4—&3’v.ld?qw.d‘.&.1;344\44‘7“37’..741-9—111 ~\P.\_).?~n.n.,_l..u.hall

Ly

-4 -t 30 ot U3 2 OFIVY YT ECV U ot 78 vt oot ot ok ot nt 4] wd ] vt 0 $of BT VY O OF VY DT IYY CAIYY O ot ot ot vt DD vt vt vt b
SOOI COVCTVOCDODOTOLTTOOTIVDOODLOCRIVOTUOVOVCD OV IO DOCOODIISITOTOHLILODILOSTTOHD
T e T
R RN R 2 22 R PR L L R R R L SR R ER -2 - R R TR S R N R e L 2 o - TR R R AL S A R R R R R LY

N

(«505&.5050505.@50‘50.5U.S.US05.c5‘050S‘USSQSGSCSOﬁtuoe\ﬁ.Sﬁ-EVSosasososcscscs,ﬁv
J.w(S?.nvq. U CIUP O D P UTO) S P D P I S P U3 CI D Y O I P 301D N AP G 0 O D D B0 DD I U D D T P O I HY P S U P
25 O P D Y DT Ot P DU DY et D300 D CU P I I PY O vt O ¢ 2 OO P ST P80 F D UIPICd et Cled D OO F WOt DI U O 1o O S et I MTI O - 0D
IS TSIV IS IS IO TS Tl Lo Tt [ Dt R o el oF Bl R R R TR e & o B S S T T T T T 2O O N IO | LoRnh o I N N A | Tl et vt ped vt et ek ot ()
{200 T TR T T T U D U 2 T T T I T T U T O T N U R I NN A | LI |

;On-ﬁroqo01“.0000000000&0.00@000.00.0000.0OOQQW@QOGOQOOOGQGQOOQQOQO-Uﬁ.ﬁ-nv.@nv
WOQQOG.Oﬁ.»Uﬁv»U.U.UOQ.O.OO\Ue.OQOOOOﬁv‘U»UOﬂv\Uﬁ.QOOﬁ‘O.Uﬁ.Q.Onvﬁ:u.ﬁ-O‘UGﬁ.Oﬁ'QQOﬁuQQVO.OO.UﬁV\U»U
i WINPIPNNIDIIOOCVSOSONINNIBINRIDODCUODOSNNNNINNINNS OO ODOOIINVININININNYY
{ Vb vt 1 Y8y h b ot v b ¥ vl vl vl vt et 0] (o Cof OO OF CF O vot et vl et et vt ot vt Cof O O € Gof 05 05 O 320 74 vt 7t et 7t 7t vt

Lot et 4t (T3 D v vl ot oyt et vk ot vt O O] vt Cf €] wod ot ot O et T vl ored e ot 1ot vt v ot gt vt TR ol 1ot O3] ot ol b vt v et eyl et vl el v D O L D et vt et vt L) et vt O

Clva i PV O UICT DIV T S D vt T YT 1 O P S P PN P QWIS G o P O vt YD O O W o OL G W GNP W Y ol e 044.&5?—:«5-&

et ke et et cd i - Tl et et et gt et 7t e et et ey

T APY A P Q0 5V €3 ek D ASP T O3 60 3 oved 0P U 3 Poe L3 600 € et S Y 487 P 0 O 20 vt o U 28y e €00 05 50wt 38 U 407 1 €0 B9 200 vt o U0 083 1 100 O 0wt 91 U 00 P G BN €00 v
TVOVODTVO T T OO Tt et QOO DTt TS D OOV Or vt DOV OGOtV G OOt OO T OOt et O DD DT vt v
Polwta Pt P P P Pa P P Fo Pu o P Po Po P Bu Po o Po e Pu o I Fo Fo Fo Fa o P o P o B B o P B P Poe Poe Poe e P o B Poe B o B Pos P Foe P B B P P P o P B
TLOLDOTLLUICACAUSITOCDTCHC DO TR VT O TN N OO OO O Ul OO OO U OO ORI COT O T T
COTLOCLOOCOOQOICQODCOVODCRDVTLORCRLCUODEOCOTTOMMIECMGNMNO OO T OO0 O D0 D00
CEXETEXTW@MWBRNOMUIIIIIIOOAGAGAOGOM WML WOOULOLLOOOLL LD L UL It I T LIy



117

~

i
i

i

ol et G et el ] U] vt b ek U3 wed wd b wod O OO OF O Cof v vt vt vt ool it B oy = R < Ea R )

UIGY O vt S PYOYUT 4T W QU T P YDt G i ﬂ.~751)_<qﬁ.4167-&4ﬁ.5—015?»7;..7*95577?0I_M.nzs_h.?q?..b

ot ot IO O Y W DY b oot Ol ot Qo BT T £51 13 W T AP 1 13 O8F (o 100 Of ot ot 03] € et ot ot € et E4 €8] O ot Crwd  wdvd vt

|

H
DUCHECITHODODISOHOCDODOCT SOOI COODOTLOTODOTICTOOIDODOTIDOLIOOTT D

DRI OIS P U CIUTI O O P B0 D e NI O SR U CH I O S P YIS P I D D R DT N S GNP D NN D N R O (I D
AT P D WISt LTI DT Cod et O (0 D L0 P D UTPY Cdet Cl vt DO T :3387.65149-1 O P PP O3 D i N PIUTAI P O O
72..?_..L?u.':r-h.n?-..-?‘.?:.._n_217&11411111111a LI T 0 T O U N B b ok b o et ot et et 0]
[ S T T T S T A N U N U TN N N N N N T R TN N NN O O | .

SOCHCHOOTDOOBONSIVOIVOOIICDHOIIHINODOOCVODTOOTOOTOIDICODTO

COEHEDSOSSTOSOODNODCLIICSDIIODTOCDITOHODSTOVOOTODOCTDIOITIDCTOICOLDOLTD
ONBINEODINOOCOCIOIBINNNNINNDNOCOOOOO0OOCOOOOOOTINNNINNDIN
T ¥ ok ot e pd ol b d 3ol ot 0k et el ok o0 O O0F O OF 1 € CH O TS O (o 03] €U 0o CU O 2ot vt yod et et ot vt vd

111111101111111.1..1.11.5?—1111111111112119.?_111.1..0.91100111.01.1.0

YD P GO vt WP D P 0 & vet T AW P DD 5 O vt S IS P DO € vt P UNAD T QI 0 <D vet S HY LD P GO S vt o PP AR P LI D vt
CODOITDrmODDO0O OO0 TNt PO OO O VSOV T Ayt QOGO OOttt 3OO Drrerst
EQSAQS\QGU.“D&QSAQESen:cunﬁanGge\baaaaggncegeaenﬂeeexa88&%893986&8..@883\&
PTG AOCDTOTIIDIGCEV OV TNV DOD OISO VOO CDOD OV TOTOCD
)\.000\0000\.00000:«06.(0.(0000\.0.0000\..(a00coc00sf.(( TOOVOVODVODO0L
TR L ETTARDNUOMAOIVOULUOLOGAAACOaOWWW I L L L b L oo



118

b
i

CaNc

&y
=
al

ra
%

PEAK
coic

{4

1
i
i
1
i
3
1
i
[
1<
]
]
'
1
o
o
i~
—
-
—
2
o
v

N
Nt

TOTYPE

EG
QH
X

Qe D= 5T

POSIT
L9

&

Lllat—al :V«l.ﬂv:.;_‘u%5»147-...2-7.\rd.ﬂv\uvlﬂ:l.ldﬁaz7#327«»{7«3&4‘*A.VB‘GS?-.\.—I—JA;—.&Sﬁ. DD PP YT W DO wiwet B D S vt CF

LN
o
¥

B s 3 T e ot i vt b <

e o s et o (D ot et o] vt et QY SE vo0 vt €0 0t 3] VLD AT LY N et et s (1P A Fon K P et wed IS VY 9 833 U7 00 e 1Y ot S
OU@QﬁUJOéuUUG&OOﬁ000*0000&0Q¢¢0@00000¢00000060000¢£bﬁ0ﬂ000¢0€&¢0
GOBTOIOTOCSE T O IO IDCTEORIDNGT TV IOV ITOEITOHODCTIGTOHS OISO DT IO TID

D P IO DU D e 30 (-«.v_.JZAV?.:JzO—{57_07.59~‘u~7u~.o¢~7.<..?50.7 sty .u.?.sen.u,»tﬁ‘hlncvlsﬁ._.{?.su?-(v?57_07-5?70.
VY et D BN DT D vt D O D WS WY W DY e D O 0D D @ Y e D VDS N SR PO UIMI O e P DI Mt D O WD O e D OIS D U T O et | e
T T R et Bt Tt R R R Y T R e e A DT e S Lt I T T S I OO OO .11.11..111._.111.11.11:_ L I B )

PLEE T T T T T T N T U N A T TN TN U O TN TN TN T T T N TR A B BN [T I I I O | LINL I T I

DTS OIOCOCTIDOSVOIIDCOSTOIURCOVRNOVODRCOL UV DCIOCONCICOCUOIROCOLODODULD
Fatar Gt T O | e e T
WIS IODNETDCSTDIDDIDN DO OOTIOHODDTOHTOODODIDSLL D ININIDWNININNUNINOIWINYIN
QSO CS 555559&550ﬂvoQooooogﬁvog0005555_5nvssﬁﬂ{-fw.t?ﬂt1‘-.(7-,‘#(?*(-(?—(1(
A Tt vttt e Aabadalalalabalal CIL T TS Loy DA el oD ke d nbadad ool ol el ol ok ol ot aiabata ol o 2ot
Tyttt H

{.
00.100011.011.1.11220°111111°1.11..11n..2.0.644211.01...11.244.44.0112?_7037u4431°.01°

= & < = - o -t e O -l YYD et I G e o>

: :

A 9510 e G0 GV v M WY D e 420 DY S T K ) P GO G X0 et WY A5 T G0 BN 0wt 3 Y D P QU B €3 vea 1D 4% e K0 G D vt T U ) P €0 O €D vt U D e QDAY O
DI DT DD U DOV Dt D BIDODO OO CO A AP OT DO O OODOUOO O OOOD U r GO OO DO v
EVON SO DN BN O O G G O 3 ON N BN B 68 1 BN O OV G B T 85 SN GY G 0% 6N BN G BN 5 @ G 08 O G O O G 0N 6 BV OV O G S GV E OY B Gy 8% 5 BV S BN By
TODODIVIGDOLIT ST OEIOTIOCNOIITODITIIVOIDVLIVOCIOITTLOTIUL IO OB OOCTOS
DT EOOTCOOCVNTDVDVODOICADNDIOVDRTDODOLDIDTDTOCLODORNRDODDOOCOHIODITLHTLCHDD
AT O AT AR L <K CCON QY 20 0420 Q3 3N A LI LY LI LI LICILIDI QD D O O EX L L U 8- L U L, Lot Bk a2 808 Rl AL LS5 =5 = =5 ™ =3 *D 3 3¢ 0! 32 0 02 % MO DL

i



119

k]
|

RHE
£ol
(%

CoHC
(%

HE-m—mommom o e
HE AN
Y

10
Ak
HE
3

17
PE
ce
(8

conpb

MED

Y
[

POSITION

~m---e-----—PRGTOTYPE
~-|
CH

RHS
CONC
%)

‘S_--.——---—

.

«U0°°3_9~7¢-é¢ 03:..-.:ntOl».?u’va.-zﬁ\.,U.AV1A1ln,_?_n...4.55).19—1a.—34135531.5ﬁ:9-¢ oM baﬂu?aﬂegzquﬂszq».v«

DOV DO D CmNOICIDITOT DS TTO s DD DND Rl 4 00000 OO Ll alV A du kol ol

| |

T DA POV v S IUD b8.\.:.400694»\O.chs5(«0&1?—10#&ﬁ4~3452°4?7~5ﬂ49—°4‘c51.14Ul?—lrbq&.»ﬂ??l?QS

DOOO DO T TOW e eI O P Y OIS D vt P P UT M T P T D O 1 et e
! |

i
SoOLOOR IO IO TN OIS IO OT OO OSOC OGO OTOTONTOTHCLTOOLT RDIIODOTTOCOOCTo
TRV DTC IO L CIOICTUS T IS TOCUINSGOTUTOCTHI OO COILCTHTIVICOLHTTOOITOOOD

D0 Fm YO e WY O P U O S 00 W00 3 2 P 1) 3D P 10 G 0 P 1) O P 1Y 00 S e 03 00D 1 D O 13 05 D - U OO O O O I I O Rl 1 O e 1) O
7 vt o2 OVED 03 6 W Pos A U 90N v LD G DY vt D G 00 W0 WY S DY vt D OV ED WY o D) v L2 N0 A ) S O T D UITT Cdvs I DU N G O PG I T O vt ) vt
BT OV vt 1t T vt vt et e et vt vy et | CH I vt v vt e e DR O O v et vt vt O O D v vt | vt | L

LN T T T T O A A A A | | 2000 T T T M T U N D T U I T U I N NN SN AN NN AN | E (R T A | y

\UOOO\I.-»UQ..U.O.V..VG.ﬂ.GQOOO‘UQOOQQWO,QQQQOOQ.UOOOOGOOO&OOOOOOWOOGGGOQQ00000&-00

................................................ M.-..v......-....

DOGCDTODDIDODIOGOSOSONNNNNNINOTIVOSOTOTLLSOIDDDSOTTSD SO NINNNIWINININNBNINN

DODCODOSWITONIIINVINIII TN OICININ ORI OVNNO OOV VIO O Il P e Tw P PP e Pu e Py

ot ot et b 118 Yo Yol Vooh b Yl b 3ok 1t b Y8 Yood b yd Y ¥ T T ot Pt 8 0 8 £ Co TN OV O\ 70 78 ¥t 10 1ot et 3t 3od 1ot b 1ot 7od ot ot et 70
{2 N T N O O O B : . w

.QOOQ.I‘III‘Dr.vi.7:2321......1.1.1.00.01,0911..1122.11111121223429.1@1113233233421111

VOO SGDOOTDHOOT VOO T O DOOTO D DODODO OO e

|
W D et DY T SO DD TR P AN O ot S D O DY OIS W DY O O e D vt vt CE LI Fe U 6 DY WD 0D O vt G W vt (N WO P G P PRI O O O U Y
E<E-2-1. 3 T v oyt s T D v - oames S O et et €0 vt vt (N OOF O vee

TGN P BV D vt X UP D e G G XD e e WD e € G5 vt T U 0 B €0 B8 00 vt 1 DD P £ O oD vee o U 40 T 1D O 00 vt D A P UG O vt N T W0 e 00 G €D et
VOQOCVOMMOPDIOC =BV OOV OO DT O D P DO T DO LT VT O OO DOt OO OO
DTSV OTVOCOCUVOCALIOOVDTTOOCOIVCOOVODCLHOTTOOIODSTOITOOOCDODODCOTOOD
4t ot e ot ot Y ot ot 3t 9t vt 7t ot Tl Yot Yt et od Pl Tl Yot d ot Vod Tt ¥ e Pt Yt P e ol et nd oo d Wt 9t ot Tt Yo e il oot vk nd T T T TA Tk vt T T Pttt vt v yod et vt et
DOIDIVVDIDVDODITDOOTOCSOIVDCLVOLIOTOOOVOHOVOOVDOVOVOOLTDLORNICOVOIOCOLCLOOCOCOLLT
DDDDQQDDF-EEEEEEE“RRRRRR..NBEnnBBBSBA&CCCCCCCFFFFFFFF«JJJJJJlv.dKKKKKKKuN



120
PESITICGH

had b’.::TU6-749~>_Gs3ﬂh)~55417~7e~ _3.»&.31«}:,._7q29~7u74231 54567.59:59_11;1&..C9~?.744. an..& &41..1.1\.11741.

o = = had o

< = < - Dl ot et ot st et s v s Gf0I D D OO Gw e <

) T T e s e 00 G Al (N T O T 0 03 S v O INY O 00 09 50 e e GO DTV C UN G I e T I D T (U IV vt T R N G o 1 G0 O b D b st e v P T O B GO

et D v 10t et et DR T Y et vt O O Y (Y (N ¥ v8 w28 vt ot 3ot O0f ved o 3t O DY OFUD b 1Y vt vt vt O et s O (LY U W O e <
TGOV OTSOCOOHNITTOD IO T OO0 LIETDOCDODCTLLTOO0 PRLCOTOCTDDOOCL OO
SOV O T OOV OTT T OISO TGO OO IS CTOOTOTOOTOTD OLUCOUCTUCTOOCTTTITOOOCTD

DR TS N IS N NS T U?SZ.U?SE:.?520?52?5..._075207520?520752.;?52075207.530
BY vt D 00 X3 WY 1Y) vt 555 BN 0T D 1Y T INY et 3 TN C0 QN VD) e O B0 D N R DU v D OV T D USTI O b DU o Dt D OV PG WD Y W O vt | s
TV OV 1 10 ot o0 32 5] {05 £0] vt ok 3t 7m0 4t 8 (V] OV vt ved vt ot 1t CR OO vt rt vt vt ptrt vt vodmtvdod § § § § 3 1§} vmvevtyrveress } 1§ 1 1 L1

L2 T T R A T SN T T T T T T T T T A O Y TR O A O NS SO N OO IR SO I A4 LI TR L B

DOOOTOVODOSICHCICOOOCHIIDODTOCTOITDOOCDOOCLTCTOIST OOV VCOSTDOCTTOOD TSI

NMOWNINNHDOOSIDTSOTOSIHIDDSHLODCLOSDHCTDITOOVCLODOCOCSOLODTOCTINENNWINININWININNIINEIWITS
Ll Ry I A Tat EX L oY) 555=~5<455000003005555555500\U0..0oaoﬁlﬁlﬁlﬂ(ﬂt?ﬁl-lﬁlﬂlﬁxu(-.l_.(-. ™~
T vty Yt T Yt vt 18 2t 1t 7t 1 3t ot 1t 9t ot ot ot 3 500 1 03] € CoF O o O €8 O 70 7t vt 0 7 8 Tt 7t e ot 3t ot ot et v
[N R N A A o

W.le.l.lo1111111124.2{01111211111111«1111222232111..1.1°4..°4l1..11427—21111011&?

Y AT Ee 00 N DD vt T UED ) P €O 0% D et T U AT e KO GN G vt T U D B €O N Ll vt U o e X N 4D vt SE U 0 T CO 0% D vt T U T B (0 0N D et TP R B 0 OV 1 v
DOV D ODOOD "t DO DO DO et OO VGTOO et O OO OOt OOV OOt G OO DD O vt vt D O Ly G Sy St e
Tyt ot Y Tl ek gl ek ot et et el et b gt ok b ol v byt o pid T T Yt Tl ol Yool ynd yd 1§ Yok ol o 2l Yo el Yl oy vt ok Yl o Yl od Yol ot o o ek ot P el N ool ek oped it ymd b et Y
Ao Pt Pt v ek el ot Yk wof el ad pmt ¥l Tk d yood ot Yt Pt il rerd Yyt gt VoA Vol rod Yool Pl Gl Pk Yid 9ol Yl ol Yd o = Yl Yl gt Yoot h gt ol Yl Pk Ynd pod ok Pl vt Tk Tk ol vt Y Tt vd Nt Pt ot et et
DODCDTCIDHODODOCOILIOLOOTCTOOUCOTTOCRVOROVCLOOOTOLOCTOODOOVDOVTDOOLTTOT T DGO
LT L XTRLLDBOAQOWAANIOUOUOLOOAAOOHOO0IWWLIIURIWL il i L L, ™72 = = =3 “5 ~ "> 3 3 3¢ 8 30 MW 5

B



121

wd G kI~

------HEODE

i
cla&zlc...l.lnéz7#9.7_n._7w449_ﬁ.ﬁ.-.v9_7...34.30I«.-?.Q.gzzn‘_zna—’..i.5532237v4444.Iu7s4~.1\47_9_9?9?—9:1_&._132

pe =g 0 ) hed < =<4

SOt vt DO N OO Yt 4D D D vt Dy D DS

Y78 & Ne e P P73 88 v WD GO DI OT P A0 S O W) Y Cr o 10D 0 O DY 0 B9 o v 0 GO €GO MY P2 00 L0 o 1D - 1) 15 YO0 O o v 0 00 150 1D e P (0 0 Sy QU 00 vt o) B vt o

had —d O ot (N v O € Che PYOF D Eahaiad it CAPIIO] vt et OIS O vt v O] D iy
COOULOLODTOICIOLOOCTOVCLOIDHOCCUTODOOCOVOOUTDOL O OO OO TOTOONOTTOIDTO0
GOV TSI TOCOOTS VOO T O CTT T O T OOV DT OU L OOOUT OO T T O T OOITOTRoTLIOO

S M SN A OI SIS 520?529752C?52C?52?5207520 P SR ISP VI S UV CHS P VI S P I D
D e £ N QI D UT DYt L G DY DY et S D D YT ATt D D WINPT F O A O P Ol e O O L ST Ot | s 0 P U DY Ol e
O St vttt (IS (5 o0 1t ot et ot (5 0] O v vt et 3t D] O] DN 1t wt st vt vt ety et vt vt | ettt § FE T LI T I |
(LT T T T T T T U T U T TN TR T IR TR R R T T T A U NN O N BN O A L A A ]

OO0 TVOTDOCOHOO0OCOOOCOCOOOVCTODOODNCOTOCLIOOOTTOCOCTTLIVTOOCOSOCHCDHIDS
VNnBOINNNSOCOCO000 0TSO0V ITDVILTOOOCOILINININNINVININIIHNINISNNININODOOSDCTS
IO OII I O O VNNIDNINNOODOCOOOOMNMININIWNIIN Pt fe e e b o N P P P P P P D SO S D O DO O
[ et e v v et vt Ao o v gt ek 1l vt 3 Yoh Pt ol P Tl VO Tt gk Yo b 1ot Yot T vl Fod Y oped Tt ot rt vk et ot O (O U D) O
(R O T N I R |

OO.&O.GO«AI\..II;LI.XI.IOQ11.1,1.{(.00.11.1.11111119-2.2.1.‘111.119—10111°111¢1114&°11

CHOISE PYPIITUY v 17 v+ CUDT O Foo & 40 O O O v e 1 1Y 50' D v 1Y P U 8 0PI UIUI e Fo FIPDY ON Ol b PP Fe 02 G0 O3 T WY P D NI €O vt O BY Pu F I DY 51 N

T W WD e U WP OO D v P WI W O3 G D vt T U e QO OV O = U2 D P S0 SV e P UV D P O SV vt o Yl P T G LD vt - UY fI e Z0 N 2D vt
VOOV OO0 DCOnN OGOV OO OO DO OGO COODO OO UCOO MO OO0 OO OO0 0O
CL OO CF CEOT O OF O OF 01O O TN O O OF 08 OF O 0 OF GF OF OGN OF 08 OF CLOTET OEOT O OF O G CIOT OO OF O CEOE O OF OEOT OO IO C GE (N T S O e
D b b R R e R R e e R e R R R R R R e e T e R R B e e e R e R R R e R o]
COCUCOITCOODOOSOCODOOUCVNCOOTDCOCDCVOLCVODIVOCOTTSOOCOTOTROTOTOTOTDIOOS
CELETTTTUAARTADOOUOLLOUOOUGOOSOOASUWLILIWL LI =323 7> M MU MU MU L LG b Ll



122

GHE- ==z = = o e

17184

o
&

(1Y}
o.
>
-
o
e
[
[+ 4
.
]
1
Lo
ey
i6.
1
i
i
3
1
1
i

'&17«21[9.1119.@Uﬁvﬁf\h«27«7u7«7u’uﬂ.3lwﬂ..?:).zﬂ.—alo7~221?~32?—Gv0c90001247u1 DO 7v?~1(.1>7lﬁ:u,0.Vn...a&?—v...ﬂ:éocﬂ-(OG3!;&0&4&{7-551..1«:..-11)-1

< :v,Vn.vonv) -2 o Eog R i1 T L L T D Do OO » o
=

lecojn«\pwau?«.vlﬂlgﬁvo000)33644469054742\-463)0..\..29#1& WU OT SISO CDODODTODICISDOOOTDSOMNISCOSOIDCS OODN T OO TN D DS
”0 SO Qe WDV SOOI D DD o DOSOD DBODSOHTOS CDCRCTILVTIUCOODIIOCDC DUOCODOCUGCDODNCUD S DTS DT
CeEMINGCIFRNOOM SO DTN QOO FIIO]S Gy, &90704%0..-&7.?7.5&.»&CCQOG.?Gr?-rb TToSURNUINNNOOOL SN GOWIWDNCC DO D OIS ORIR D M) N
D e - DS D O R R o R R R k= ettt SDOODOQ e DO Ty LI Lo QD S TS D k=2 -
OOV OTDOODOLOR SO T TOTOOVOOSTTIODCTCOITOIOTIODOCTTITTITTCOTOT OOV DOICOSD SOOI SHI VST ODIDOLOHEODDIO
,ﬂ;b.».va.n«.b.cnu GO T OV IO I OO T IOSTICOCOOTOT OO T VOO U TR O TGO OV IV DOV VU OO U OO T TSV OOOT ST OROTTH L ITHOTTOLTOO

AU YOS et O O B O P 2T U DY O vet O OF vt O QX P D UT DT QT P A U DY T 2 GO P DU DI O v i?~356~.‘80127¢55?30 1-«.::«:4bwlg\vlw_’wsrvwlesloﬂte\.v!..?:.uw E-JIJ:..\SFQSO.’:
CFCIOTOIO] (f et vt OF O N CTCICT O I (o D vt vt v vt vl st vt vt ri et et et vt § 1 3 3 1 ) § T vt vt vt T et ) 1.....1.1..111111112?_:2.11222222129:-2222
f S T T T S T T S T T T U T TN N T N ORI N 2 O O T O R R N

TDCOCOCOCDIDGICIOICOIICICVOICOOO DIV ACOHOIDCTROCLCT OOV OCTODIVIDOTTDOOS OOV DIOOT VRO LSOO DOSOCOC

SO HOOTOODIONODOOODCICDCOIDED ORI TOODOTOOODOOIOODOOCOCIDIGOODNIIAITOODCIGIRCIOTOCIOTNIOTDINBOOTDHDSOHINS
NUBEPLBPDBDINIDIRDDIDDCOCOUOOTOICOCOCSTOIOODCODRODOOCTCOCNINNIBININVINIVBINVNVNINROOOODCDOININNNINUIENIE
el Tt b vt 7ot et v oot €3] O5F OF O Cof O €1 € €0 € 5 O €8 OF €08 05 O €3 O 0o O C2) €5 02 O3 2 T O £3F Oof o124 700 30 178 vl 7ot 1ot et 7ot 3t ok vd 4t oot 9t 4ok 78 b 8t 7ot ot vt et

Tt OO OO :V;va@9.01.1.1..11.111.01.11.11.11.01111111100000000111100.0:011.,@.0&10.00:001110010.90@00.1.6.00:00110121 T vt ¥

T OO OV ODODIO DO D OCoo PDOOIOLOLT CSOODITDOODOTIOCOITIOTOO DOOVVOOLOTDILTOL O DS TSI
Cr ot Ot vt DI L vt DS D S PINIEI T UIUD w4 O DI DF O O vt DIOITIN D O O 0 S T D o Y OO S S S e OO OF O G4 O 2D O OL Y O 0 () K0 D O O D F O D vt O ) vt 3 GO0 et et vty vt
T2 T T DD O < =g Ty oS T s D R v Re v T D R R = =

U P G GV T vt T U 03 P 00 0N 5D vt T U T P 0 O% vt YUY ) P 03 B8 € v T US4 P €0 OV 2D vt o U7 D e 20 0N 4D vt o 7450 Foe €0 BN <00 wed 40 1Y 03 P 0057 0% <O vt o T7 0407 e €00 0N ) wed o U7 0 B 000 O3 €0 ot Y 1Y S 00 G5 S0 ot o ) 407 e Q) 65 4D vt
DOV OU At O COO NIt O DO DDt IOV OD O vt OOV OOt ~O D IOt D OO0 DTt I O DT DRt D OGO ORD Ot DO OO O st vt OO DO LD O vt vt D D DO T vt
PIPIPIBIRI O I PIRTRI ST I M DY R NI MM PIDI DY I BT T MY RT R R DY DY DI R DY RN Y R P P I I B P PRI I P B Y YT YT R A P Y Y T R DY I Y I DY MY Y I RY I R I PY I DT NI Y B Y I Y DY F Y Y
Tt et 7l et bt Tt At ot et 3k Yot Tt 7d o d ol ok ol vt ol Pk 10 ol b et vob Vd vt pood 7ot g T T 1o ok oyl ok 7o Tk ot ok 9ot ok o Y o b ok g o T T Y 4 Gk ol ok T Vo 2ol b Aok 9ol ok 1k Vb 0d ook el Yt 3l et 7ot 210t o0d el o Al T ok el Ah A Gl gk et R b ot Nk ot 9ot At
LTV COLTDODODVVCTODHONLCCICOOOCOHCOTDRCDCROTRLHOCTCOTCVSVTRLOD oL L VI TOOTOTCOAOUOOCDOOOOLLTCLODIOC DO DD
CELLE T LTARHWUOANOUOIUOLWUOAAAAOAAO R IRV UL Wk Ul L G AT CI O LI TT LY 0 0T I 0 I I ST I I LK bk bt ook Sk Bt doct 4o 8t =3 3 =33 =3 ™D =2 2 5 200 32 00 WO NI N 2L Bl o wd S wd Dk o



123

4

w
s

ens
CGHC
¢

COHC

G oo i e e
nEa
<

ic
Ak
HC
¥

T
PE
co
(%

COHE

(%]

LE
HGHE

bt i1
F It

\.Vs ._0..0{..0..21.0.0)ﬁ.n:-za/:{ﬁg?_?.nizo1&00.0»{1232)1600G‘AV'VOI?-«L«A17419‘753?~11.21.40l..l23_9:.-1..\0?.n.ru.c1.7-19..030.0»\.«.-090: UIJL?::.:Z

{U L= B ST = ‘U T T DCOoDTD = o S DD DrY SO

GLOQOTRTOITONT DD G COoODY O DOOICCTDHCOLOOCTSOND O Lr oy D SOCHOCDO OO OIOOCT DO

D GO O Ly hedad™] D OO - O OOTOSDOD Lol < Ll 4 DD e HODDOE FOOD

i
|
DSOSV IDOTDITIDOOT LIV OOCDIVTITUILDOEOLOLDOOTTVOLOOCTDIODOOLIOCDL OISO T OOV VIOTODIOLTOCTOTOITDIDTOOTDS

(RGO DIOTIODOGTTOOTO IO O»U‘«U.O.Cﬁco&ﬁu.h-ﬁrﬁ.lwhwc.o.ﬁUnv.@.h..@ﬁ..br.v CTOITOTOTODICTT OIS COCTTOROCDOSOBICOTOOITOTS

1

i

NSNONSVSSUISRD2VVINNONONSNSNCINONON SO SNCNINSINCNOOIDLIDINSUIDINTIDIVSNIDINTONLVDIITIOCWDIUIIININSIN TN DTS
Do 08 S N UI L SO O D P UTOID I PO YO P YO 2P PR OLD O 0] S CE U O o U e D OJ U P O 0 UM 1D T O e 3 CHUD I8 0 S U B D S Do D QA IO e S Y B U TG S IO e D O Py SO U2 P 23 DU
00 P T WP O vt S0 vt D QI P WUT PSP B U P O vt O E D HIPICY vt vt CEDTUI I P GO Cord MU B0 D vt DI RTI AD S Q3 Cr vt D BT 0T 40 P QR UT A0 T O 2D 9= O 33 Foo U0 < vt L DY I D G0 O vt I DT U 0D 1
G o A T Y E o R Dy o L B R L e R R Rk TS T T T O T O | Tt ottt ot et O o 1ot et et v vt oot et O] O O (3 4 O CU N 0 C o DT EI I O O (N

2 0 T T T S T T T U O T T AN IO T NN

DO OOCDOVVOCDOOGODACOSDOOOOOOCOOVOIOVUIOCTOVOQOCOCRODIVISOIOOVOVIVLVODGOODCOITDOOTSODCSHSAISOCDIDTCDD

DBODODVOCOTLDOLOVODLOCOTDODOVDIOOLTOOLC ﬂuOQQOO\UOOO\UOOO\JOOOO00000000000@00.UOG.,\aooo.O‘V\V.V\VOOOOQD»U

PWINWIODTDDDRBINDORECOOOVOLVLOLOCOVLOOVOVCVLOCCDLOCOODODOIINININIDIVININWNIINININNVINDO OO OOIO CNIBININYINYY
1.1.11.1.1119.222.27.229.29:{22)-227:.—29~2ﬁ.-2.227—1»22.221.1..1.11.1111111...1111..11.111111.."

i

CrtODDI DOV OO A r i et Drdvdyit it it Gyt QDO IO rivt it D O DO DO DU O vt O rdrd vt vttt it D O vt DDyt 1 vt vt vl et F O vt A D D O GBSO G DB GO DO DD vtvt vt

D SODd OCTTDO < S DD D DOOCTTOCDTDS < Lo oo SO S LD ﬁ. TGO S OCOSD

:
{

t

DLDSTDOOOOIOTTTNIMND 901100100001&11.000COOOOO.nvo.U000.0.\“.1015-111000111‘000 DODOMONCIDODO IO SOD D

DVOOODGOOTLOOOO LDOD S OODLO O .QOOOOOOOOOOO@0.0.U\U > DOD GOCOODD OO0 DO0OTOD00

O 0D St Ot vt O S D D OT OO T D NBTPYCIDY O (1 O D CART O o D2 vt 2D O L0 I €0 O D O vt QO vt et vt et X QDU DY CS O DY D vt TP DY O vt D ST DY O Cr et o DI G 2D S D 00 €3 2D €00 vt Y wmt veb ot

AU 0 P D G € vt o U N P CT BN D vt T U P TO G O vt T DA P KO BN 2 et o U0 ) B £ 85 KD v Y :14‘5010145..9.499014=v.&~!~b°r014=v£~7‘.9401°1.4 WX be £0 U <3 7t S UT 0 I~ DT QN D v
DU OT ORI TDOAN OO DDt OO DO UD i mi O TN OGO N OO OO O DT DO Dt OO DD B rtat DO DD D vt vt K8 YD DY O vt vt S 3 0D D01 O vt vt
R A b B A Rl Al A gl R R A R i R R R b R b kb R Rl A e R R R A R A R AT
At Tt ol b A et ot Tt Tl Nl ok ot byt Tl Al ol d ot ind T b oot T8 ok o Y 2 Vb el ol ol 7t ot et ol ok 18 Pl Pk Vd o d ol ot ol 7od ok T Y= 7l g b Nl et e Vot okl Tood ot b1t oo 18 Gl At b 7t At 7oA Vb ok o gt Th £t ook o8 T ot Tk el At ot 3t
DODOSOVULDCDOGOOVOCVIODCAIVOOVDODOVCOILTVLLCOLCOCODOLUOVODVODITLT LR L0V DIROOCDCDOLIOOCUTDGDLTIDHOEDIDIDD
M EUANEMILOUOOLOOUAOAGASOOWWLILIW LWL bl L, b, . L, W OO0 O U L0 O DI X0 D0 T I 25 I I et bt 600 Sk ot ok ek bt =23 > =3 D =) =D *2 =D 0! M3 2N 8 2 S8 ] e h b o d o d ]



Y

124

-=-=-~HODE

FILE
HRRE

©

\.1.1.11.QO.1.111111211&.22223:0efﬁ.o_nv.r.ﬁ. 1.1.11221.01:21.1121 e O E TR TR LY 7..232113[12211221029 :vf.1.9.C..)-c..33134301111122

© = 5 oo o s

[
G
[+
o
&
[
[
]
9
[
&

DO 2 O DODODLCRD DO LOCOCLODCT v OO DOCOOD D Lo B . Aad WODODS O o 11\9111
i

APICIE MM I GO D Y it M GO RN VDD O DY <o O D OO G0 o Lr 2 9 b o U U 0 G et P 50 9 et QO N (G O N O O e v P ) 406 B 0 G0 3 O 5 S PIRY O 01O B R e vt e S @D T (I 0 M 1D
ol o DSOS DD v it vt Ty D v Y ¥ R JUPp R i g -t B O EOT S - D vt ]
i

WUO-UOUOU»V»U:U»UUAUO.UOU.H‘ DODVITOTOLTVOLOCIOCOOTIVCTITVOOTLOOIGIOICOCDITCOOTOTOOTTNCOOSDIDOOTTLCDLIDILIOCTTOIOLTOOD
LR e i gl R R T2 R e T o R R R e B e B T Bu ExRu X n B LR v g T infe v leEv i R X ols Su g Su 1L 35 s L1 78 2= 2 =B R - TLY Y X202 e Tl e 2w Lo B B he B B R R Ew Bu Rwgh Ev RU R o § 2 2ok 2= 2v Su R5 Sl v S v e e ]

N2INSTPSCHOTMIVNCGCNIHISOOSDONSINOCNSNONSINC TN TINTCONCIN NSNS OB DOIDIIOVIDINDNLINSNOWDI O IVOV SIS VINSD N DSIND

PP GO RN Y CTO DT O U G D P T O G P R U 01D P WD OF S PG U300 -D P U 00 S TP SO PG O U P S OTUT RS 2 (N S U P D (T e D O IS D CH T G 0 CAT P TP D O B D (IR DO P D O
DUIDTICL e GO P QOB D UITY C vt S D v D GO P DI I P B I vt TO PN~ —OINIUP OO G et CUPI U P D00 vt I U W P QY vt D PIFY W2 5 Q0T W oo 1 A vt CF DY P Q34D v CEPIUT WS 00 O vt DU WY P
O CEO OSN3 et D CI OO O CF OIS M O D et rd wrt vt oty bt bt | § 1 3 1) TP et vt vt vt vt 4 (0 Tt et ot et et oyt vt et vt vt et €8] (4 OF €8m0 v Of (U OF O OF G o DO RO O G O
LIN T T A T R R U T U T O T T T T TN A U TN T TN AR TR T R N N

DOOVOVLODODODIVOOTODCOTOIDIOIDTLOTOHIOTLOOCCLODVTOOOODTOIVCOOVCOSDHOOODOIIVIOVORVOCCOODRLIOSTDIDODIDIDOTLDIIDIOD

DLV VCDCOVIIDDOIVOVCOTSIOOVICOTDLTODTOITDOOCLIODITOIIVDLO0COUROCLDCCCDOOOOVOOPIOODIDNIVOCDSOCODIOCTUIOITLODSDRITDTOHITC
VONONORNODRDDOIOOOSDOVACHOOCODOOOCIOOCVOIONSISHOICOSHINDNNRINININNINNINWOVOOO D OCOOMIINEINWIEY
et vt et xmt 7ot vt vt vt ) OF OF O €08 €7 0 O OF T8 ©F O O SO T CT o €3) DO OB OF O 08 €3] 3] 0] Cf T8 OF O 10 108 et 3ot w8 74 76 10 70 78 000 18 14 ¥l 724 yod b ot 7ob 4t 38 T4 T4 vd
i
|
'

DODIOG 00000001@00111111000010.@00110011105100010.904..001.1.1..11.11..01.1001.1.1.1411.0.01300.016.101101110050.0111

TOCTO0 OCOSTOITS DO SO OOSD <L DY TOC SO OO < (=2~ O LOoOTS O O o DOUOO

l
DT ONAAD NS AN D ODODO OO OO NOOTTUCTDTOYNMMYIIOCDOD SOOI i OIS NP vt Lt U it DY It vt ot vt DO O O D DM St et Dt St S NN DI R
LD =4 DODODO0 COD DODOSOOLOO DPODILDOD DO DODIODLO D Lo - >

A-117-1&14&7«\.27«1.}.111.1.07.:.«2.un.:&h. TR St O OO PIIDIMEIN EF O CIO ot v DI O P M DT DU T T PIDI S VY T NI P2 DY O et 3D vt vt U GNP RIPI DY o+ YD 120 U v D10 WD
k] = DTS LoD ] < oA~ < T

U T P GI O D et T U Y P 0 O X vt o U 00 Fe G0 G e vt U P €0 G <D v YUY ) P G0 B €D vt T U 1 Pae €O C5 0 et 31 U9 2Y P €O O € et v U7 5iY Fe €0 BN <0 et 8 U 41 B 200 BN <0 wme 3 U7 450 P A7 €5 K0 vt W MY AT E- QO CN D vt W UT LD e CQ BN <D v
TVOIOOO At DOIT DOt O DDVt O CTOVO AL ODODI IO DOVt OO DGO OO0 O OO O OO0 OO AT DO DO DT OO v
NIDPODLROVRONDNDRNDoDnRNDNDDEBODORReRONNNnNnnNVDDNneDDenDnenn R DN onDoennDRDonononn o nnBonenonnen DN nninnnnnnmn
A A o ol o ol ol ot el vl Yk Al Pt oh el b Ot ot ot Td Yl ol 0l ol ek ek ol 7ol gt pedoiod 1o Tk 48 vl rad £l o T T T 7od 0t ol T 1l e e 2t 4t o Yt i ool e Yol pad vl ol ot il ol Pk ol Yok o ol b vt ot oot ok Y T Vol 4k 9l oot 4l Ot pd ek ok 4t 1ot Tk TS v ok vt gk
CCOSOCVOCTOIDODRVOOCOTCIUDUCDOUCTOUOOTDOITROVITVOCRVTVAUCOIOCRORCORTHODVRLDOOCGOOCHODINODCOCDTOCOTLCDOIITOHLOD
LA 40 e a4 e g e T Lo PO T TG T TR TR R ERAR R IR LA Pn Pt o Do Po R JEVRTVIRTATHIRTSVINI VI VR P VR P PR T S P S TR T FE T E RETE IT L oge v o$e - ! i oo AP R TS T D B R B B B o By B RSV VRV V3 VS V-3 700 N N JUNF JNIY PO JOC O



125

POSITIOH

-d e L

1.1.1[1.1n..i..024312301.111.1.....:.)_1.0133235301.211220223_1113[1122102021211121113@0@&0120@123»\?—\11112(

...V = < L o - LS T D o k=2 <

ROIS g A o oY i E e XL UOOCOOO.GZG«SB?.EO.@.?4021~7«ﬁ~007ﬂ.&5504?.}. WP Wi MO T MDD SO CHONNIM—COCTOSTDOHOSDIOMNOSHTCSHENCODH OO

i

DOLTIOCOTOOO UOG..UOO»U..VF‘Qn.v‘occ‘(CU.AU&.\UQQOOOCOO.@O(.@»UCO..UF‘.UQO SO OCOCODIOR D TOIOITDIICITIOOITOHOOITLODS

CLOP UGS NN M S NI D D I I IO I P I S P IO P DS N DI S DN P DI P D TR SO SO (NI D GIND N O N I- O NI D I D NI PN R D CHO D D O
3 MY T vt O 2O P G0 P 0T U P Ol vt OO vt 5 QO P "SI WTDI0 F D UI T O =t S OO M= WD N vt 4 I D P ) D vt I U P CO D vt CTDIIY D P O <O v O P IT U T QO WY W P QI D vt DI Toe B3 O w2 G DRI WD
1) OFCof 0 0 O8] et et ] Cd G G CT O OF O I D vt vt vt vty ety vt pdpmt e wtrd | 4 1§ 1§ byt Yt ¥yt el oot et (N Ot ot ot vt ot vt vt vt et ot et ot Cof $d C3F O vt 0 O (S CoJ O O] O
LIS T T T T T N T U R S T O U O O T S T O O O O O

3
DAVVODOOTODOSOIDOOSTTSAODCIONTDODLOCVCOOCDCOONVNOVDODODOICICGOTOGOISVIVOVCODODIVTDIOCHOTCOTICHOOTDEOD

DOV TOCTROIDIDTDIDOTOCDHTHOOLOISLODTCOLODIOCOHIDTOILT IOV RODTVICOCHOOCICRTODOHTOODTIVOLCEDHULCOHIDIDOTD
DOVVROINDNPPRRODDNIODOHCADOCONODOVODODOVODONVCOCOCOHSINPNNNNVIONNIDNDNHECOCOCOVOININNINWNIVINIYY
[0 vt ot ot et vt et et 3 €03 o] OF O3 ©F €40 0o Co O OF OF O 031053 O € C 031 O2 05 02 OF OF O OF O 00 Cof €0 C'of -8 1 04 78 18 50 i 3t 74 1t 1od 3 78 370 720 1719 12t 78 vt 7ot 14 ¥4 vt

DI ADOO DDt rt vt At GO DB OCG OO SOOIt vt It O O vt v 1t vt vt Dyt rt vt A D St D14 DA it D D vt D1t it vt Dt et 4t O G D GO T DOt At D O DO DI OO OO

DT QDS oD GOSTOOO SO L < T o O DS <O < COOSOLOTS DD <o O SO O

i
i i
O 70 74 ot O (D) vt £33 D D D T D Dovet CUT S OLRY 3 1Y 0 O O O3] 7t vt vt 5 L5 D vt M O ot NN DTN v DY D Gt SO SO DL DO LD OO OO NOD I OISt DODO DD

DVIDOTOOD L3 < COL <> OO SO f O000CGIODO OO0 O O DO

741329245n£0219.1ﬂ¢a~0n44 WO D S OIS OIS D vt Ol PIEI S P Y P B OIU T CE e P O et S PO Y O WP CI R vt I DY vt D S 0 O € O OE D D0 1T O v Y vt wod vt v ved O

FUI I WO et MUY BT LI G O U A B GO 20w P D P O O D vt U D O SN LD v U I P L0 5N D vt WP U I P Y ON KD vt o U A P DT O <D vt T U3 O P T ON O vt YT O P O OV O vt o I P EO Y € vt
VOOV TOC OO UMt OCUCO IO OO0 O OO DI O T VIDO QOO T DOt O COOOCr O OID OO DCT DOl DT T DO v
240 0 S D D D 1 A2 A D 2D AP A A D D D 0D 0 L A S P D D D 2 i D *u D D A D A S A D D A A 1D 4 D D D AN T S SSY R 7 a0 o A 2D D 1D D Y AP WY 1 Y Sl D A D S A D 4D 1Y 4D A Y T D D A T A
e A o it et el yed vl ot vt wed el el o g yord v prd yed gl ol T8 ol vt g 1l el o el et 9yt et vk e e et ol cpel Y 9ol Tl gl e el et ok ] 4 o =8yl el ol et vt P el P gt el Tt e gk ol T el A el 1l ot v ped ek ol ol T ok vl ol ok et 3o Tl et
COOUIADCOCOCOTITOIVCOCOCOCRDOCOILOCROCOOOOLLODOL ORIV ITOTCRICOCSODIVCTLTIOCIOCOODOTODISOTDDLEOTT OO
LT ELCTELTTEOUNOMADOMLIOIULOOUOAOQGOAOOLWLILIW LI L b, Lt G G L € CT T U0 L0 €T 210 T 5K 210 110 30 28D 8 et 5t d Bk bk ook st =13 73 ™D =3 2 ™D =2 *3 3 108 Ml 2 3 8236 0



126

:

\ql..?..l\nvI)..}\Uaﬁb.?fva.ﬂé 92333?.?1. ..-2..42.1.1.9.&.u.1..).2.12?2\.351:.29::0?.7«212 ‘22029.21222)5«—?:..«1143.02?21221.92214& = Fex -3

r - = .nw o =D <r v < p=4

o [=3 < (LR 2
|
P YD D O G e SN U S Q) P A0 S <D WWVID DM DD DN D TN O DND D DD T O OIHNOTDOWUOOMUUD P MM I DIMIMIOF DD O TEMNODS
- 2 ) s Y LT D DD v D e DVCOD DD oo @ k) D TOCTO T OO

Rl ol < Dy OO e D s M « € s ot €3] 2D T8 i ) et LB k] T3t et vt vt Kl bl had

o R - L £ v L L2
e w R R v kv B P Tl e TR o v R Dw i R o X x T Rk o Fu Lo Tw Ruiee L+ o BY R B R R R E S TR R o T ol R Re e B B 2o Bl R v oo R S8 R T e Fur F o T o T X B Lo’ TR Ruofoin Tuclle v R ud
Rt R R R R RS - X <R LRV SR S v R w R R R R e RV RN SV E - S n B VST TRV R R R~ R b v JL B 2L SRR - X RV S RV a v RV RS 2T B R R Rk PR e R Re R R S A I v SR

S NUI O N DU (5C5)5\.595ﬁ.&4€t~ DNODOTSDTHDNINTISIN SO SN US.U__.JO..J..U..JOS..U. PN TSI DN G T ST SN O

DS ST UPD DU SN

1!10??6538(65321 123557801?353?3(235&?8)156=80123&?8012357801235b
332232232?. 22121111111111,...___.__._ Aabadabal ol o Ral ol ol et el e Lo I3 R R R T T SRR R S IO RS T O Lot R R N N R S ST o]
_—_u___.____....;_—__————__ .

O L UOQOOrJrJr-ﬁsbssgﬁﬁuQQGO.}\JCQQ.U..VOCC VO HOUDOLCSODOAOTODODOVOODIOCODIVOTDCOOCOTCSOODORNOODIOCODDLCDHICOHISOO

P TOCOD )000\‘0.\\:‘10 DOOODAOVITDIODIODOCOTOOODTUDOLDLTDIDVDOVDLOLIOCCUITDOOCOLOOHIOOODIOODODTLTOTDICOTOTD
QUOOVOVACANNOWIINNOODDDOVUDVDOOOSODOODONNNNINNINIININOOOOQCORONNINIIINIEING Ex2alied 2l s ed"el 24
Y et P Wt et Pt T Tt et 7 s vy D3] O a0 (N O (o €0 AN Cof DN O30 T 00 OF DN 7o 70 70 1ot 1l vk ot et 1t T T T T e T L2 T I I I B

0111011001119.1&._2:91.11311091..411&-11.Oh-01.101.1.1.°121.\.91..11...011..1.1.1..119111011«101111011011101.10.0.1?110.9.00

LI IN D v N D NI O OV S UPO LT Tt e DI SN O DT QD - I D DIFe T D NN O T PO NQ NI M N OO Y U S P D UINT Y NS vt D WM e ) >
<r " < [T ] - < — ] < = < < Cr v < = pe A

G Y A P G0 OV v AL T L0 O O vt W 000 T S0 01ﬁw«li.r.ury:.l.nc&AVIA...J..':.(ACutﬂvq...d.Ev..—u.li..uu.u/o,:&-rdrc?sgﬁcl45fa.1|nﬁnto!-4.:Jr&-.(a:301‘4=v..—.vﬁlnv010145&..@-.!60ﬁ/01
DODV OO OO ROV MmO D OOUC O OUCUO OO0 OO MO VO DO =IO OOV OOT O DT =t O OO DT O vt DD S O D oD vt vt O D 0D D s vt
Pae £ Poe T oo Fom e B3 or P 100 % Tow % Foe P T B Pae P Foe Pon P o oo P Boo B P P Pae T e P e o Fow P P B Te o e o oo 5 P B P B P £ T P P TS P B Par P Pe P o 1 Pos P o0 P Po o oo P P T Poo e Poo F20 Foe B8 o P B P P P B B
1o At 7t b b o et yood ot et Tt A Pt Pl Yt o Voo Tt 1 1o Tl o T Tl Y T Tt 4 T o d e ed oot Tt Pl e P d oof b ot 7t Rt Pk e v ok ok 2ok b b Yol Vod B oof Fd St P8 Tk Pt 8 o et T4 Yot Pl kYt ot 7 ol et gt Yok T T T Pt Yt Tnd 9t d Tt O
DOVRIDVOQUOCOCROOIVIOOORCCOTOTOCLCTODOOIUOVOUTOCOLOLTCOCUIOVOVUT VRV OTLTTOOODOITUOOODOOCTOOOOTLTooTT
AL G L G D ) €6 5 K0 Q300 A0 €3 6D 2 LI LI LI YD O O E O €1 £ L K LU 10 L A L L0 e L Rk A U A 6 U G0 6 €2 LI LD €T 4D XX I T X0 X T 0 I et 0t bt bt bt Bt e ek 3 ™3 7D D 4T T T 7D e B N B T BE ML S



127

POSITION
Y
H

wmmweee———--PROTOTYPE
o
(4 ]

\12331.?-9—2&.!9.n.._¢ln€9-160457w1nvﬁ¢1u‘01....)_2!..7.9_6&9554)-32«6‘.&7.9.11743n{\d’u?.ﬂ&’uz’aa{06._34 35540?_9~1.1.1n.:£c14321.19.1.?\., xtq.:/.c&ﬂa:l-l

< < o L R o Ty < E=d =3 < <
QP DOPINI DO ot P vt O O NI S D SO DI OO S MR D P O I N T D e MO Fe O D O e WIS O W MM RO D MM O O D W o~ AU EAE e RTe A U DG R e )
@ e En g < 3 - O DO - D L=~ D s O - L] - o =] DO DO Sl D

D vt - ,ﬂ. oty Ty e S D e Dvtvrted byt rvimdrst et O vt DY vt ot oyt b vt ] e et et T O v L v ATY b et g
H

OOQULOOVOQUL—‘.\Q R R R R TR N R Rw Eu s R U g =R L R ol xR 2R F5 X EL R T 2w Rv B o T BoiRs Lol Pu Xu Lol B T B w e Bo o B R Soche B RWELEw R Back w Ev R R o Rl e LA F

SOCOITVOVGTOSD IS CTICUOICTUTOHITOCTOTOD O ITTT OO OV IS C OO T O CT T IO OOTLHOTTIOIOTOTOTICTTOOTOToTD TV TTOTTND

a:r-..).2?.?-9.1.32229—2a-»{9—‘111111.1.141— [ N — _ [
(200 N T T T T T T S T T TR T Y TN TR T R TN T O B O OO |

DDDOVODOODDCDHCDITOOROIVOVIDTDHODLCOCOOIOVISUODOTDOVCOIOCOVOOOORVORUOOIVCHIVODTOOVTIVOEDOTLTTLILITOOIDITDD

HNUIINNUIWIN DOOOVIOONINNVBININNNOCOODOOODODSLOOSINTNNWINDINNOGCCOHSHSITINNEININY DIDDNIGHINWN

111.11.1..11.....1.1131111‘)-2.“.:,1.22\-9..229.2?.2221111.1.111‘11.1111.111 LI T T I T T T

011;1.0111.,0.011011.1..0.221.1G.¢100110.11.10222.11.1.901111111‘01111111,“0111122101190911.0.111&.011@111@110

Y LD P O ON X w9 U ST T 703 O s vt o U1 Y B O 0N 2 vt 1 U 0D P 7 O 0 wd W UL P GO BN 0 v o Y80 e Q) O € wet W 13 4D B €0 OV D wmt ot U 3 e €O BY €3 od 31 9 80 T €0 BN L0 vl 117 U35 0 0 CF D0 et 00 L0200 570 07 GV K v
DOV~ OO0 VN I OOV O DN T At G O DO L O OO IOV OO DOV OO OD T OOt O OO T O SOOI DI ODIN OSSO O OO DD e
) 0F €O 0 QY G € 0067 G G OF ) G £XF O £ 0 CIF O €6 OF O 49 €0 Q) €O 1D L0 03 €O OF K 00 €0 O £0 0 C5 00 €I 0O £0 07 20 0 £ O 00 OF € 0 €I OO T 02 00 1 €0 €D £0 O £0 00 €0 G €0 €7 &Y B £O 00 £0 3D L0 LI <0 0 €D 43I0 2220 (OO QY D O
b Pt et 1t ol ot el Aot ol et opnd Yo ol Tk ok A ot Vel Yo A h Tt gt T Pk 1 Al Pt Tl oA d Yo ot oot 7k vl ol oot ol T ok 4l oot ok b Gt Yk Al ol ok Pl Pt Pl 7l Y et 3l G 7l Sk gt b 3t 7o Yl wd ol =l Yl et Fod Pl ol o ok o Pl gd yod ok b ot 0t v ¥t
VSDOVODITDOCHOOHCOCTLOOCDVODSVICTLORODOVCVLIDOTVORUTCTOCOIUODOORDADIOOTLTIOILOVOOOCOCOCIOOILOODIOUTDCOOD
AAOAANANMEECTEXECERIVNOLIOULOHOOOCAOO Ol b b W T b e e, Lo 00 0L €70 07 03 € €3 45 € 210 100 IR0 1D IT IKD 207 JE0 808 0k bk bt Bt ot ook e =3 ™3 ™0 ™D 73 73 ™D 7D 2ed WE 22 2 ML 2L 2L DE



128

ki
M

POSITIOH

SIE

[4

i

Lr i .V N..au. n\U »1&
{
{
ebda*ﬂ/-.a5136062040009.4\9?4847.7«.59,QG.DQL555330\6604.?00UOE?«\?GA..544#&6354090020(.&09(\-c\.v..V-...v.(acv.waicle
- oo owoeoos o b et vt vt et O vt ot vt vt ot et et DY et D D D - LB - O LD DO TDIOLSDS b [V R

[PUPRN N DU - O s v CFPYCo) et mot O it Oof vt 0of pet £5] O] et O] vl vt -t w e s I R T T )
i

VOTOTTOSTOOCOTTT OO DOTLLODOSOTDLOTTOLLTLTTTOOLDOTOOTTIOOTOTD GO TILTOOLCGOCDOTVNTIOLTDICDLODG

R - T 2 2 223 B I . . A A e R R A - - 22 B T-2- X AR P - 3 SRR R0 Y

.QSCS\USQ5(.5.95@5@5050505@505-\5050550505”5050505VSCSOSOSOSOMCEUOQHQrucqsﬁLs&EvQ:d»Usscﬁf.vsesﬁ—.
LN ISR CHN M T I D NS R D I D D N WD TN CF O N U 00 O P P U 0 O P U O 2 «rﬂ.-S?.r\.':.Q?nvn..S?On:\v.? DT O NI N T D O D B e LU B SO O
D 0 DU DT Of vt P ST WY 17 O 4 D 09 D OO P .qu?..n‘..l?—l\.DUw..be?q8~(55740&.‘. e T YD P €0 O o=t O INSTUY "33 0 LD 45 CFRT LT 4l Poe GF DD vt T P Q0 D v GUDY O PO T = rd I HT LY
,.324..2»...2.....2“23223Zn..in..ll.lililill_ F200 T T T T T T S A I 1 et et vt ot ot ot oot ] 94 7 et ot 2t 3t £of (] et ot 9ot vk €] O €3] O =0 et O ] O CE O3
(N T O TN T A 1 Y TN N TN N N NN R NN N NN I N A S N A ) i .

,OOQO\UOOOnnwfu.o‘nv.u‘0000ﬂv.@0.0r.vﬁr.l(\:\cw0.000000060&@00¢0000¢00e0oooooocoeoeﬁvﬁfoﬁu.@oopu.aegﬁ.onvOaU.ﬂ-OOnV
........ e T e T
DEDOTETIOSOOOSHTOOVOCTLOLO I LODODITOTIID OO OO TOVDTDODOCHOITIODOCOHIDIOTSOCOLSICO L TDODD
OISOV OLTINNVNITIDDNICOOOVOONODODOOOONVIDNDNNICO OO SOCIINIINEIN
Tl et ol v ek et ad ek 7 ok ol ot ok vt vt i Cof (o Cof O CF U O Col €3] 100 A ] CoF E3] (o 98 vt ot et 3 ot ot pand V8 3ood 9t 3k Yo 7ok o8 1t

{
i

1.010.911.0111111»&“'.0O..UOﬁ.r.vi.r\:l‘lcx0°°A.~°111111«A¢111111‘(«11110110111101.06.1116‘.01001111@1746#

YD P €0 0% 4D et YU 080 P L0 08 Cr vt S U240 P G ON L - R A P O D vt YUY P O ON D vt D MO Pe K G5 D v o DR 0 0 GV €0 vt T U WP G0 O8O0 vt T U S I KOO8 D ot S U3 A N O B O vt
DODOTUD R OO OOIH At OV OOV D OCDOOUO O OO OOt T OO ODO MO DT IOt OO IODCT At OO DT O OO OOt
©3 G G NG Gy G O G B G 08 G G5 G G 0 B8 G G G O €0 G 50 BN Gv 0% €0 G G O © OF £ S 1T B4 O 00 20 G 21 G 10 G €5 BN G0 B 450 B 58 G €0 B3 G 65 58 BN G O €5 B2 5 BV G O D B5 Cr GR Gr GH G S SV BN C BN
ot vl ot gt ot ot wol ok Ot wvod ok vt vk 4wk vt ol Sl ol vl vl yeod ol yond ol v ol vt o T o e v vod ol vt o ol et ol v ol 7od gt pood el yooh mh ol et vl el o ek T8 vl ot ol o f el god vk vt el vl el ol o vk el vt e vt e 8 e e
BSOSOV TSI IO COTVONCTIRTTOCOT T T O TU ST IO T LTI TOERODIODDOLTCOLOITOIONCTO IO TGO
AL I L X O L <1 L 00 03 G0 U 67 6 63 G0 0 0 LI L LI LD €0 Y €D D Oy £ Yy LRl fad L L L B e 0 L R L Q0 € 22102 09 00 £ 5 9 205 20T 200 00 00 20 0 JXT ek ek ek Bk ok bt hed At ) 7D D 3 M <D e D



129

FOGSITLION
¥
(H:

cmmme e == PR GTOTYPE
%
(Mo

5 b 4t 8] 9 VT ] st 177 et o O o 08 000 O €5 et TN O o €3] £ 001 5 oot 0 et ot (81 O o0 13 st (8100] i 01 0 ot 5 €5 1YY 03 38 € CUT 1 3t 051 1 vkt €l ot 2t €51 o et L O T 1 N O] 3ot et rmt £ st 0 s ot £ vt €51 0] C54C3 O OF N T O 000 i

(- S el bl et vt DOt Ot SO Nt ra et S D vt D v 1.116110 Lad ol -2 -1 o Rl -2 ol o B . T B -t (=2 <
i

|
|
|

074817.:.{54289?9&'4¢26.3eu?.u;{052352490333323799457.923.”053355?2.0504245905343251.@24374..&1..@7.25;.989..0
................................................ R R T T T

O Ol At Ol ettt (Mt DSt D IO I O ORI et IO D v et DOt Ol vt vt kvt et Ty Of vttt et AT8 (3] ol et oot vrad ved ot 2D vl el md ek ook vend vk D byl LTy

i

i
OAUQ¢OJV000.0°Q°OOOQQQQOOO,“.O.U»u_h-.nv...l\..ﬁ...@.v»ﬂ..nv.ng...v0.00&.0OJUOOQQ,OQOQ.LUG..UQ.Unvauwﬁv.n-avr.ﬂhﬁv.h.Oﬁ\aU.»U.V‘U.U.;u.ﬁv...v. DTODODCOIOETOS
LR B T R M R L B R B = B - R B e R R LR T B B R R S R Fw R B R R R R R R e R d e R v B L R e ke o B R e R R e R s B o R BB TRl e R B o R R o 0 S T SR R W A SN, S S W N Y

YD 3 e P00 5 Poe 3 I U 01 O P 2 0 D I U 00 S P U7 OJUT O O P 0 OF 22 e DI CF 0 I 1 08 -2 U D IV TS S OFHNIT S0 P SH 0 e € CID Be T 08 20 (4 U P 2 OHN D C D P 3 0 U P DO P S OIS P O U
R Ot G O S QI T BT D) O et & QO P AT I DY (9t € i ST P IDPT P DT DI Of ve wd CITID D Pe BF Oyt U UY A0 10 €D C OF DY) 4 e 0 Tt vt 1) A Fee U0 45 v DY 0 P €0 S et CI DY U Fee BI $D vt I DT T D
(S IV D L T T R ST TS T L E AT LY R PR R R S R R Do R R 2 T T S I T S T T T O A T S v vt et (o] et et o0t vt ot vt O Oof vt ot et vt Oof O C0F O ot vt 1t GO CR O OS vt vt O OO O G O
LI T T T U T T O T T T U T O R TN JN JN T U A TN T N N M | -

COTDIDIDOOCO QQOOOOOZVQOOﬁ-OOoo.000\!%0.@O‘O_OpUOAon00.0.000_.0ooooogoaﬁvﬁ-ﬁgeﬁwcooooa00@0006000&00000&0@

0&&9009000@0OﬁcooooooaouﬁwcoGOGOOOO.UO.nv-nvoOAUO.UOﬁwO\"voo"oQOQQOOQOAVO’U.OGO.U.ﬁﬂVQOAUﬁ.DOemouoqoﬁoooogcoa
Uelialiediad bl 'adind o] QOGO OOOONNPDINVRIIPVINOCOOGOOOOOOOODOOLININIINDINIINIHGCOOOCOSINIINNWIINWINID (el rlled s 2 el e ads ]
B R R R L S L o T N T Y L O L L I L L L L R B e L DR N S O T I T A |

nv011°11°2.011011.1¢011f.vc..l1.nv11.1011..09.011.01.10¢111°111,00‘14\.0111.011101.11.01.10:0010.010101110111.911.9

< v - T e L L I = < -4 = < < < k=4 <

YU e O P D vt T A5 e G0 O € et o 1) A P (0 O O vt 3 Y WS e G0 € € ot X HET WD P O 6% € vt Y WD e DT 5 O v WD A0 P € UN €D vt e 9 453 B €0 BN 2D vt v YT AR P B0 B £ wmt o 19 400 P €0 BN T vet Y 0D B £0) 8D 2D vt
VDDV NG DIOCO NI OO OO OO OO DO ™IV OGO OOt OO U DOM DG DGO T At O DTV O v O CCOD vt DO DO DO vt vt
CDORVOVODCOCOOOODAUNCOORCNDOCTOITOODOTOCOTORCOCOCOOCOONCOCOOTCNOOIUIOODCTODIDHODIDOIONCICDICDS
O £F o €55 OO 0 €0 C3 Cof Cod O T 00 0 61 €8 G 03 00 0 OF O OF 0 Cof 0 OF 0 08 ST TR C Cof 01 0o 0 €0 0 €07 03 € T8 OF CF CF 0N G 0o O €F 00 € O €3 0 0o €5 £ 04 o8 O CF I O3 CF OF (A O 1 €3F 003 £of 0 Cof 0 €34 €45 CF IV 031 O €0 T 0o O O3 O
CODDVDOODIIVCOOOIVDIOCOUCIVOCUNCOOOTIOCOOOODNOOHDVCRLVICOOCTOOONCTVOIHODTNTIODTTOOOODSTODDDO0 DT OO O LT os 5D
03 20 07 00 B 00 €0 CE <L <L <0 G0 O T LI LI LI EILI LI EY O £ Y O O O Ld Lad Lt ) Ll £ L G G 1 T b T R e L0 €3 €7 €2 € €27 L9639 €3 207 217 200 110 I 200 20 205 0ot 3t Bk B b B B Bk =33 =3 3 = =2 ™D 3 2162 3 3¢ 3¢ e 82 3 M



130

ik
Couc
[

h

-
»

CONHC

¥
¢

§ Cm om e o e e o

t

RHS
CancC
[

HEAYN
CONC
[

CONBITIONS—mmwmw—

et 11113
FILE £
HENE

Pre WP T oo WS O 2 Toe W7 OV o2 P HP O N D O N WD O D DI P S 0T UD Poe DI P Sy I I S I R D D D D CE P D R IS I N IO N O
TS UYL Ot O P D U O v D GNP I U O v A QY T DI P SO SO M T W W D v P D et IR D e P S S OV D UI (M rt | ot
B T R T R R R e e | - LT Lo RRY TN Tt F ol Kot f oF Eerpuie e P g P S B A B I 1
___—‘-——_-.__-___._._ , u___—__

i

VST DOTVNIOODODODDIODIOCOODTCCVUNGCTOIIVSO 030\90000000.”000000OOO\UQOQQO\Q

DDODIVDSTIOTOTDODIDIDOHIDNCHITTTOOCDTOIOO OO TNNNNINIIINIIININDINININNININININNININY
DPHPNBDBDBDROBODPODVONNROCOOOOOCCNINNNINND DO SO G D SR re R e PefePetu Fu R P fw P el
11..1.1111.1..1.11.1.11.411...1‘11.11!.1..1.1.1.7.?:...:{9-7~9~21111l.11.41.1.11..111.lithlililillllllli

DA D O OOF 1D 7 vt ot 3t 1d vt 3t ynt o 4t i et et ot yot 3 T LD ¥t O L vl 3t vt ot 1t et 7t 0 CL O vt vt v et 0t v v d vt 1t D P Tl vl v el o ot et vl ol N et

TDOLTT D < . — -

AT O G 0D vt T I 05 45 €O B% 2D vt T LY P GO ON £ vt T WD LI 0 OV £ vt Y Y A0 e 40 DN 4D v o AR P LD BN O g A A P O G S vt W WD T QI G O et
DDV DI it OO DS DO IO DT IOt O IOD I rtr et DO O OO Dty it GOV SO Dt e DO T o vyt O 0 5 O D vt
1t 92 0l ol 0t ot b okl vod vk P V=t At Pt 18 it ol 9y Y Tl T ol 4 9l d b et ok Y 7t Ot Pt Tt gd 2t ot W I ok 0ok G TS Ok 1t g et ol ol 2t b Yt el ik Yt Yk el d god
€2 £ O OO T OV O €3 G O G CU T €T T ET (0 O3 G O T8 T OO0 O3 TR CSGF D40 O 08 B O (U OF O O O OF 00 OF O 03 €0 63 030 €D 07 CF 0 CU o Gl 491 (O EI 0o
OCOUCRVCVOITOTOOCIODDOLITTOHOLOVOCOOCDOOCTITVIDORLTOCOOCOOICHTOHOTTOISOHCHTOHSD
oYl TalwRuyoa Yo EVRRIRTTATYRTVRIVIRCTREV T T P PR OO T PN TR L R L AL B D1 JL J3 R B s me vii g o v o o Lo R d o Rl Dot R R B B Tt B SV VYRV AV-E VLS



131

2
(i3

¥
(9 ]

FCSITIGH

mmmmmcmee == PRATHTYPE
%
g

Bl
COHEL
[

2 s_.—-——_—-

4
* 12221319.11211210121....121.123222211222.124.....22.3...:._34212232221
K o = o

|

m

Hﬂ-?_D.-.vwlrﬂi.097..05,9&.14.060044..901«61{651533-.u?.-:qﬁ..?uq%?-oe.ﬁ-4.5#(74?u4<v560..09.4.

P CIS N OO P WO O NI O P NI D T IO N P D DN S A I I G R OIS IR S IR O NP DI DY
Foo 87U ot € w0 0 TN P 4D 19D 2 00 v <D BH 0 - D I (N e 1235&?20?65421_12356?90173012356
Tt vt ettt | ordeatedrtvdtes 8§ 1§11} LB IR B ] i Tt vt vt vt 6 O $of O OGN
LI S T U A U trrs

COOOCVOVCOVICOLITSVOCDTORINCOTOTORIOIIOOGTTIOITOOTOOITIOCOARSOOOC
OO OGOOIINTINIINNNIININNIODIDOSTUSTIOTOVOIOOOSNNINNINNINNO I DODHCOSINWINLINWNINY
NNV P P R T P P e DO DG DO OGO OOCOOO O AN DR NINDND OO0 ODO
7 vt T T ot T v vt et vt v okt et vt vt O8] OF OF OO O3 008 0 OF 0 ©F O OF TN OF $4 708 ¢ 96 70 18 10 9t 1=t 38 v 1ot 1t 7md 7 vt 78 v 1l el pod d vd 8 v

|

> O vt vt ot vt 9ot ot K3 D LD vt O et DL vt et CF vt O S v vl ek vt et et ek vt vl vt ok Yt vl 9od vt vt ok T3 7t ot vt 7t vt O et vt ot ol et et vt

5= < -3 <

YUY  Pe GO BN D vt o U R P 7 G 0D et T U 0D P CRE BN 4D vt o U 40 P G BN 2D vt o ) A P ) O L et W U P G BN LDt Y MY AR P QY 0N D vt
DO DOVON OV TDIIO IOV OHM OO DDLU OO DO IODIIOH OB e
TAPIPYMIBTMIP PIM IR M DI MM PIMIM B M PRI M RIPT R R M DT REPMI BY M Y I M M IR YT DS Y DY Y Y
CF I COLOI L CT 0T OU OF OF 003 CoJ 03 C o €0 OF 08 00 (N O 00 CoF 0 O T G $3 o 08 O 0 S 08 0 08 8 153 091 0 OF O 08 (N 8 3 OF CUOS OO O S O 00
DOV OODODODT OGO TIDOICIOHODD OISOV OO OHCOOTTDO
Ll L VAT I D R R e R A R R R TP M T ER TW PN TR SR PR S L L% TS JL 1A I3 JE RYSVER S VEVE RS VAV 5 b 3 i e o Lo f Lol e Ll



132

POSITIOH
¥
[

pet

o mwmmm o= = PROTOTYPE
ity

[L X Sad
HoNn
[ 4% EW]

HEm e = - —

oH
Al
NC
3

T.Enu./‘

CONDIT
"
c
C:

Foak
CEHNC

P
LA

------MOREL
®

FILE
H&RE

{
111&1.11»74-#11.4111‘.45029..21.?-4.59-111..4..7_5»\ ?:‘,.. ncrl.cul-ru.??\fﬁ. n?.U.n?thﬁl‘lwl7u7.ﬁ-5~°47_1119~¢

<r - ¢ bl — — et &

T A OitE D OICIOIPYOIRIOYO) D R e Rl Rel

i

Ay T O G OO OB o O 00 (O A 00 W Y YD U I it ok s 1) o R I0) W 0 GOt (i) NP RY D00 et O v I D WD NH GO P N ok o O DR PG O D

e bl ad Radi A Ll il 't Lt 2’24 11.745:...5..«9.1455655{.5’«31 el hel <
VOO UOLCSOHINIOSGOOVTOOCOCOTOTOHITOODCTOOICHODSTOCODII DL DO T OISO TOTODD
eg R Ewd v S} GOUOTFOCIOCCODICT U SIDC T TOT LI TU TS T OO O T OO OO TO N CHOT OO oD

By v DG ..ﬂr.u_bt*w.d\s Lcraﬂus.nﬁﬂ.dlf.afnﬁ ..uSd».-au!.. o 946#54.7. .(54.7-1»JG:~. .r»..e.-.a.u-llntﬂuﬂx&ed?uﬂo.f‘ s, O:ué‘ndi. 1 v
] O £3] vt 9t vt opmt vt Do £f £30) vt vt ot pt e d O DS O] vt 78 ool vt vt L S O vl vt vt gt et yed et b et vt ot v |} TOvd ettt | | F F } 53 | § [N 2N T I ]

LIRS S T N N T T O U A T N T T N TN DN TN N I N N U S NN N T N O N T T TN T S N A S A AN O A

DT TODCLODOLICIDONCVCIHIAOCOS OO DOV OCHCOITNITOCTDOODCDNDTLOODODSD S DD
NDBDNINOININM SS90V NCLS T SOOI DCTONODTOOSO U SO GO OO SN NN YN
I AV LU T S L Rat) NNRDVBOPRNINODSLOCODODCININUINUINIEI I P P P e QD O D O D S D b lu e o b Ity
R R R R R T T T okt el T T Yok Tk Yot Yok yoed Yot Yot ol Tooh pod ed by b b pot ol (0] O] €] 03] Cof €3F Co] Cof vont -1t 18 Tt 1oob ot ot rpat
[ I N I B I O |

©F Td o O s DI 0 et et O U o=t O Fow O OO D) O et 58 Foo vt CEN O vt O UY I DT ORUT 0 N 9ot vt et w3 G 0 B B 0 U3 0 QU QX0 O Y o vt vt OF vt Pog WY NF BT vet ot 2y

il ™ (] O O O et pod €] Cof 0 o vt 18 vt et of i

bt AL AR R AR R T IX T A AR R R RO E TG T AR R R g (s IO N T ARSI o R 2P O I A RRE b T A0 1 S T AR B R o 'y RO SR TV =L RUR R X T A 1 SoF VY - RS ]

OO Gt OO ID OO DOt O T D OOt OO DT Dt OO DO DDt et DD G D D vt GO O D DS e
Wt v vty ol d pet yed el ek e F el el pd ol ok el vt v b et ol el gl ek e el ook gt ek Pt ol gt bl el et el el ol Y ol pd et ek el gt et el vl wrd et v d vl el el end et e el el ek ool ed el

AR n L d LRSI LRI LA LI MR S IR I RG R AN LA DT S I p L R S AL S A DR R FRU S TS S M D A R Rl L A S R R A R S R Il S SR ST DR SIS 0] )
UL COCOLTOLCOCRDC T OO IO OO DO DTGNS L DO DSOS ST DT T ST DD

LRy Rt A ok A Qb A E IO LRI EL TG VIR R SRS LSRR LI Pt Poi P Tt Fon Pk el Fia ITRFEIRTRERTITRVE RTIVN R B Br Ro-Rer e o Boo- 1TV FIE (33 KT TS FUN FHY IT9. V5. V.- T VL P R 0. V.3



133

c

|2yt

[ AR R

COHDITIQHS  mmm==mmmmo oo

TYPE
{

e me e PROT
FOSITION

§ ” . -

1.123.19—744117—.1146510‘.{5:..4430\.—7.7...?.74Sra.éwcu?qdis.b5443-5455545 .-,:(5— .37..1.~.l7.65~1..)_?-\-

: k4 <

i

i

D PIPT LI D T D DD S PTOIET D UTHY O N O O D G D D T O e DO MBI o S D QN D P D O OEN D DS Y <>
ek =] Tr Ty TR Lk i R = b ot e S C O bt < e Sy

by —hyty D 11!&10 b (NP3 ot vt INY VDY P DY ot et ot ot OO LR Of it vt et DY OF T 0 vt come
SOVDTODOSODOTIOOOTOOSOOOCHOOCOCT IO TSV OTDCICTUOTIOTOTOTOCOODDI IO
SOCEDOCLTTTTOUTTOOOT T OO T DO OT ST TOOIODO IOV OO T TOOTTOC T TOTOO LT LoD

DSOS SNCCN SN TSNS SN OSINSNCNSNSNGINCNTICNONGINSDGIN SNSRI CEI DD
DD P LS P LD T D G P WIS P U O D P OIS P D D CES IS NN D P N I D PN D I IS PN D i S N D
€5 O O W UY H I oret <25 CF G2 Y Dot S QAT U ¥ DY ot 3 150 03D UY W DD U vt D Gy PR WY M Ot D I QI P YUY DI OF s Doy IS M ort | vt
1CT OB DS 7 vt 16 7ot et C3070F O 9t 4878 3t 8 O 0 € ot ¥ 9t 3ot 3t €] 0] Oof ot et ot vd i VA v et vt bt gt | vdrs et vt vt v § L [ I T A LR O T A N |

(R TR I T T T T A T T T S T S B T B T I S S S T T A S RS RO S A A S | LI N S I |

i

W..H:ﬁcﬁrofvr\U.uv0Glﬁ.o.ﬁv»u..Oﬁvhvrcv..v0.Oou:o.u.o.u.\uc.VOO.VQAV.V\UG.@‘VOQOOQOOGIUAVOG‘U606000 SOHCGDST OO

WNNBDNNNSSCDIIDIDTOIDITILIDICOHTOLIDOOHODVS D IDSSINNNINWININIGCS T IO SOIDNNINNINDNNG

Lalb e Lathe I Eatiatier) DINDNIBNWN SOOI DO OUIFIEINUIINEID Fe Py e Pu o Pu o Fo © D O O G O OO P b Fubo b b
Al el b gt b et Vo 3 7ol et Tt ot [ TS 1 1t 300 iyt oh Tl 7t Yot oped o et (3 €3 o1 01 O €0 O 0 vt vt vt ot vt ot vt vt
7 T TR B U B S B i

|
JA0 D0 b oot O vk vt ot oTr D vt ﬁ.\rn.-znéoavOOI!EXQ«!IOI!?:{1.1.11...222&&211129-2?:{n&7v9~11.1...07937..?—1110

Tl S w«.n.u. D .UL..U»U“.UC..UQ\.U U..\r‘.Uh...U.hv\:Ul. DDOC ST h .U\..O.U.rnv,kﬁ.\zhv\.u-n Uan.n.h;\,u C..n.(.nvrur\.n”vﬁ.\:ﬂh\h
HAHun;.ﬂnnan;n,HBuBEnnBBBSCCCECECnLDD.UC.U“-DDEEE..:EEEEJJJJJJJJFFFFFFFFKU&KKKVPKMA



134

5
gofc
%

e
[

HE &l
CCNC
Lap

HEeommommmmmn o e

g
3
c

I
8
t
L)

13

~
%

NRHE

_-——_-nﬂ.
FILE

7-7.32=u1.rr.:bll231..224.[33974.\.189_}-2469918@319.“ 31&89398533330’ e g B 1o JoY SN, RUSPRUIP RN IPRL W', 3

ot ot et -t et el et R R Ry

Rl | IRV R LY D T et O O3]t vk o D) et et CAPY S b o e v OERIOI I S S PIOIC vt DYDY P O et et vt

et vt (7 G0 G G B G DU (b G €S vt O S 000 O O 0 Sy CIUTUT ) CA Y v ) P S Y I €0 ) vt vt P A vt 1D v SO PG T i B O Y v 000 G

et vt O] T U UY vt et et et [T Ral ol IOV D et et CROJOEDY 2 e DY U217 W W WD O ¢ 1Y 5 o D WD 0 WIS DI i i Wy o Uy s
OGO OOTTICOODSO OO TTOCOIOOT OO0 DTCDOOTOVOLLOTDOOTOTDCDOLDTDSD
VOV CVUCOGTTIC IO OO TTON RO OOCT DU CTUTROC OO OOV ITVOVCTIODN T OO OO

~w1.)ﬂ.cucﬁ=u4-s1.(ﬂ.ov&54n~1 rﬂoa;. 954—71.00..@ b:v&n.—(bSd*.:~(LU.Q.?bS47..1.(vq 0.:.:.:&57« -t e b=u4n.2.1. 1o
8521 3] €of oot vnt vt oot 2t 0F 0] (0] vt ook vt yog ot VIO (i vt ot b v vt DY O (vt ot b vt e vt vl g vb vt vt | vyt rdytddad § ¢ 3 b 8 0§ I U T T A
LI T T T U S T T U I O T T R R T N RN NN N S U N U AN NN A N N N NN RO A NN ] LARNL I S T I A

TCDLOTCSLODNNDNWVNNINT VT OTOTIOCOCOTODDIT VOV LIDINNNNNININNCOSDOCDTDONINIRNMINININ
IO TN G ININNNINNO D OO COLOINREINEINDNII P P P b o P be O O O LD O O D P o P e P P e
B R R R ] T Tyt ot ok 90 Y el ottt el 28 ek 14 st ord ret et yod Tt ok o 5 O O €50 OF O0F €50 0 ok 7ot vt 3ot 1t ek ot et

LI O O A ]

'

Rk b A R AT ot ol -2 o i bt dalababat i A dadadadad VIR dirh & P d s g il ieini it il gt a b g R b A A b X

EBBSEADBﬂ:.ﬂﬂaNAH.HANR.H C-LcrqcaluCCQDBDDF.DQEEErﬁE_.:E.L-JvUJJJJJJFFFFF_.-.FFK KKKV?KK

i



135

T LS

CONC
ooy

aNS
xR

MEAK
CGHE
R

ITI190
¥
[

<
3

mmmme e oo PROTOTYPE
PO¢

ottt i -ttt et — -

13 O =t HE DYDY O Y O 20 00 <0 DY 00 0% 4T U3 3 3 QF P €O O 00 ST RT OO0 W W et O P TR D O (I O P et SO Y

CAC v I v et (o 00 vt vt O 9 vt vt O CF G0 3t O 9ot s~ O] CYCL A I OY O vt et & OF O vt vt O] Cof vt vt

€063 0D OO D9 T Do YT b P BT 0 (TN OX 60 U DY G b s Oy B8O Fo ™) 3 00 W Y UD 00 we 0o} et EO P PI I o (ol o O T )

CODVOSOOOCTOHCLHOUOT DT O VOO DSCOVOCITIODTOOOTTTOOTOLCTOT
SOV O T OO OO STOCTDRIT O OO T DO TOLVTCTTOTT DO TS

SIS NN D N C T S N P N O S N U DT D P WS OIS R I I D CB U O S P OO P IO S N Y O D
DY <3 G A D U S DY v D O Y WY P s U 3 O v D CR P WY S I vt Y O P D B o D vt | v QO P D Y O e
GICA O st vt vt et N Y Crf b vd el b vt v vt yd vt vd k4=t | b rtvtvdomdvdvt § § § 3§ % [ A I A B

[ S0 T T TN TN T U T T T O O T U T T T O O SN U N N A O O |

OTTVHOOCOTOCTOCTIVONCUIVILCOCTODOODOTDIOIVODTIHIODOCIIODOTS
DIDODDOOODICHIODSCOSTOIHTSOSIISNNNTIININNNINNNVININNINDOICIDOS
CINMINBORON DO O S GO OSSNV R P N e e P R P R P e P P P e D O O O D OO O

T ok et ek ol el ok vt vk yt Tl vk o8 T o et mt vt vk b rod vy b ol Yok ol 1t el ot vt vt Oof () O O OF OO N

vttt (U U D D o~ GO R U YN DY AP DI MY NN IR DT Y MY PO D7 98 < o DI (O O O D) o MY

vt vt =t o] O o U At god 1] wod vt 3ob b 3o ok Yob Yl pod ol ol b el b g d Yok gl vk qod 5] Cof et gl ek Yok b gd ot el ok b v

U P €3 G5 vt U A P D BN O v T U AD T G O D vt 1 U9 ST P CO OV D e YD E e Y SN O w e T U D I CO O 2D e
DOV VO Tt VOISOVt DO D DU Tt D OD DDt D OO T T It DI OO ST O et
RSB At ik S Sl S ki A i it it i it ts s
CYPYRY ISR DY BT R ST ISP Y R 0TI T N S M G DT R HN Y DI NN P 1S I YN Y M NI Y D N 1)
SOVOOOOOCLCHSCOCOCD T RNCHCU SOOI SO U C AT TCUE T OO
WO ULILIOGOGOOOCOOWLWWMKIMW-3"2"2"2" 22" 3 DM XM XA MM Ak b bt



136

T
s
1

7
CH:

POSITICH

3

e

]

§ uysg e
=N
LIRS AN
]
i

O e M INY 2 S UG (G vF OF CI IV S 437 DY I D98 P30 P U7 05 Sr 52 0T PY <3 O P 000 U2 78 17 04 O oot £ vt O Y vt 0 P o DY DYIUI B2 00 v CT 1Y

DR DOOUDORSTOOC SHOTSDODS O BYsE Tt et et et OO CU P Cod vt vt o ot 7,-?_.1.1.1111

S O O DI GO OV N T DY OFUICO U W 4 03 P G I 433 G G ONINY G5 vt e v 15 e DY O O P O T v i3 ot SO G IS O O D 9 DY D I ) B9 P vt

<< Laki} Ol v I UICI P P " P BUPT P ) DD Uy o <t b Y o O P WD Dy U7 1)
CTEUSTOCEDOOCDCTTOT O OTOCOCH OO DITIDIT DOV OTGTITITITSTIOOSDITISTD
GGV TGOS O I T DO VSO TUOOTOTOOTTOT OO IU ST TSI TSSO OD

TH P UP O S P IO P DO S N WO S P OO P U IR VY U D P W DD DA O O D U C D R 0 60D I 1 1T P VI O S P Y2 O0F Oy
Dot oS G QO ST U DY vt S O3 U2 1Y oot ST (D UT o P D1 et DR R D YT Ot SO OO P DHOIDIN vt P WHT O vt | e
€] 0] ©of wot vt et 3ot 7ot (of €o) £ ot ot o d v o8 ) O] O vt vt et et oot ot et vt b rteob vt | vdwtedwmtrdedo £ 5 6 8 3 B 8 0 0 L V30 A

L2000 TN S T T T T N TN T T TN T TN U T SN N N TR O TN T T TN W SN SN N NN U B I

COSDHIOSTOCOSTOSOODIDOCCDSVITOOOLHODIITOVIDROIVTOTOSDITD DTOSDEOC

CGHRDSTTOOCOVLOCDOLNITCODOCDTODTOCOOOTDIDINNNINNNNIINING OSSO VOO&SSS:&SSSGV
WHANINDINNINO OO OV D OWININVININ ISP e e e T Ao Fu O 9 D O D O D P BT P P b Pos B
et 1o ot rd 4o o8y ot vt oyt ol b o b vt pod 7 9t vt 94 3t o et et Cf 0] O] O CoF (] TV b 4t et 4t ot et oy vt

ot ot D] 74 (2 1t et ot vt T vt vt v et vt (o vt =t (et vt G RPN G N A DTS WD o o DI S DI DY~ N R I e P

[+ L3O PIC CHCS vt CH T O CF IO Orf vt vt vt yet et pet et O] {of vt et 5] §50 0o vt

U P e G0 0 Ly et o WY A P OF G O aet P I WD P Q05 < et LY O T UG < et 107 W P OF S O oed o 1PV A P QI T G et 1 U9 U e 50 5 23 vt
Oy UC..U..LI{....VO DDA T OOt rt O DTDT O Dt GO O D O D vt vt O D2 0D DY D et ot Cr O D et e
D, Q,ntﬂ-q'.\ n.tn_...u}nu-ﬂ« .Q;..\-.O.-Q.Otﬁ. O:.\.q Q.O.:l Qfﬂ..Q;Q.q LG DrQ-Orﬂ Ofﬂ‘ﬂzﬂ¢6¢.\.9a19ﬂf.0‘.o o

EhrEﬂ-EQEBCCCPvC»..uccDED.P:UDDDEEEEEEEEJIUJJJJJJFFFFFFFFK..hurvruhvnu&vh



137

< 4..n&.l-1(.-{7«034\‘1144&512?.19.5#(( \.vs..-.nv.\ag nr.u‘c*fv._!wl-.x—bﬂ:ﬂisﬂ.l*zszlgna DS S P Uy

r.u. DD e =2 - »Urll Vb vt et et b -ttt

[}

S PY O CIOT DY 00 <y Gy v L OIRY U 83 2 D 2 S AP I3 1D WP P ot O O S 00 40 40 WP P (DT D LD WIS vt Pos Poe U QI BB D

!

i

ST N CD D E LI P D P D BT A S PO Yt O D O O S e D M O D 1.1-.#&.-?4@411&.-3.&.3”9 SR TN
[ ) -y e - — c...«.&-.énv.n'456-{Ovarav.-l55:«1{?80n09?3??ﬁ9w9398?:u54~.

|

¢
@
[
[+
¢
¢
@
o
P
&
¢
¢
O
]
[
@
¢
[
Ig
¢
@
@
¢
¢
L
GG
Q
'
!
¢
[
]
G
&
]
¢
o
<]
&
[}
&
(]
[
[«]
(4
(4]
[
[+
[+}
Q9
G
©
4
I
@

Lo S p 10 Do d N Ve Tat B o N 5.207.5.\._L._.x5..{07.5&-?57‘.&.7\52?‘.7—364-0?57-0?57—0—(5970.?Sﬁ&rvfﬂxeqn{.ﬁ.
153 vt o2y O GO AT Y 0 DY et S G0 GO U A DY ot @ O DU P D D (Noret DO P U L -t 3 00 O3 P I YT DY O] e 7..:65.4.971 1 e
L4d €oF €3 v wort i 3t et €] Cof Cof o4 4% 9= et omt (e 0 (5f ot vt +-d 3t b b vt aod vl b b 9ol | vdrt vttt § § 5 8 8§ 4 [0 I ] ¥

[ I T T WS T T U DO NN N N T U N NN TN N S N N N S A OO NN NN NN TN TN BN SN RN A A A A i
H

COCOCDOCTOVORTOTVT T OCOLICTCVOVCOCTACOROIDCVISETOOCTHICHSHOOD
OB OOOCHCDOOTOOOCOOITOCOSDSOSDTOMNININGINNING S GHSO IS INDMNN N
WIOWININC DS H OB SDNINIBNIIIO I I P e Fa P P P Fe G D O D DO S Pt Fu e P fe P e

Vb 0ol ood ol ol oyl od Tk el wd gl ot ol el wef ped oot ok ol od od ogas yod vt (R O] O] CEOS Crf O] T8 Wk o1k vl yed et ot et

Gt DDt Qrd ot t DA DS vyt ot et et S NN D N PN O IO PIM M S M W ININ DN P PN Y D M

&> <> O DO oD 1.9__22&. o vemt e ot O V] D ) O vt vt et 117029:.._.1

DY 0P ve et O DHST O DT P IR D Y vt D G D0 o S D WP D D DI S v D O O MM WO O OO O wd o vt 07 (U Y

o k=2 D R TSI ST o R L T X PN T S Y ST RS TET 5 CAPY BT BERT PP O CE O vt

SEUT D P IO QD vt U WP QI D5 vt B ATY WD Fe GO TS D et o F LD Fow L0 0 €3 et T WP Y Foo 00 G 3 vt X 11T D Foe QI 100 Dyt T UT ) Mo 00 BN D0 e
EEVR TR TR Y w B B v B\ R B R B T Tl R 0 B R T w Rt S D R B R A A R W TR R T WS 3 2.0 T R P P
et 28 o ord b gl vk e el b ot o8 vl gt 3l rrod Aok spot ok 1yt Sk ol ek cpol et el e 2pe 2 e gl o el wd 2ol gt ol vl o ik vl il el ik cpod ook spad ad g Tod Bt Yol wad 2ot Gk ed et
DA ARl aidd it d Al A d A e gt i L R A T D A A A S
e e o R o e R e e e R e e o e e e g e = R B RL R R B PLLE ~h v L e L~ LR R
O K2 00 £4) G CO G E LI 00 LI 03 LI LT LI € 3y O £ €3 €3 O 0 W Lt J L B LU W ad =3 =9 =2 =2 = =3 =5 2 L L L Lo A B e 0 D2 06 22 20 38 O 2



138

COHBITIGHS==m= == - e e ==

I

£ 4
CCHC

Y
(3]

PEAY
CGHC
(g

MED

i

\2.44.1.1..1 J.U.nvzzlc..la-_l)239—.4-57.537..4?5).447..0232!»121 3239_1121.27.111121.

- soo k=S =

122 b o QY O Y S DY WD D U D LD LY DD 2 D U0 I vt O O P LU D AT DY ¥ G vt P Poo oo Poe 157 21 1Y 20 et 20 183 (79 <3 O W et 13

E=Eo 1Y) LD vt < vt Mt OO vt et vt ok T2 b vt 11‘11«‘ vt et
SODOOCLCACIOCOCI LDV OO T OO C DO TDODOLOTT OV OTOITOOOVOOOD
SO OTOCTOCOSUOT OO OO T T OV O N OO OTTCOODTUTUCTT OV DOTOOCST OO TOOTT OO

AN IO I HY O D P DN O DI D IN WY CF S P D TS CIUI R SO P S OHITG S NN D WIS D OIN Is 2r (D BN I D (NI I
O et 50 WP DD PIT 0P P D IIPIOT et QD P TFUIPT o -t CIDT U D P €0 O et CIDY 033 10 50 S CIDINY 2P0 O D0 vt TSI T G2 D =1 00 1)
etwtwt | 0§ 0§ 1 L Ofrtetrtateaee—e ) 0 d iV

At 1l ot vt b pt yood et (N 9 vl et 0t 9t vt () Cof et ot et et Cof N COI O)
LI I Y [200 U T I I O |

ORIV ODVVCOODVCOCTVTOTISOIDIOCLCOS VIOV TOOOCOTOODTOOCCOIOC
DOODDOVODOIOVDIVLOVTOTVTLDIIDODTIITOTOIODOVLTDITODOOCTORODTDOCODOHODD
NNNIDINNNIBIDGVDTVOQOIIVEDIIDNVBVOCICHOOCNTNUINIINPIN SO0V ODSINVINBNWIWIY
o8 3t ot ot b 3t 7k ot et 2t b ¥t Tl vyt vt €f Ko Cof VT C0F Cf ©F (1 0oF €8 Cof AN LS €0 o] 7t 10 ot 14 wob 2t et 3ot 18 14 1ot 7l Vol 3ot ot vk

T vt vt D T DLy et vt et D D vt L O vt et vt et P NI O et ot vt ity (o vt D vt et vt L vt yd vt A S A D G A Dt vt S DD v O

WY AT e 0 OGN Dy vt o UD AP GO ON 4D vt T 1D 50 P XY © D vt 28 50,0 £ 00 BV 2D vt T UT A P €0 B8 D vt U S P KO OV O ot YE W R Y ON 4D v
DODVODA AT T DOV OO I DIV G DO T IOIT O DDt DO DT OOt DO T OO D v
P DI PIEI EDY B Y P I NI P DT Y P Y N I DT DYDY P2 I DR I T BT Y BT RI DI PRI Y Y PR RIRIRI DT I BIPY BYEI P PY N
R A A A S A A i A A A U R R B e e A A AT A A B A A S A R A
WDV OOLTOLTOVOCOTVCOLUDCLTOHORVITT LT O UCTVITOODOICLVLTTTOCOCOOOCOO
OQOOAOAGOAULOLLO LWL L L LG Ut B, b L L CF 003 L0 Oy O 202 2 II0 I X0 T IX I et 0k et b bl o ok ot



139

mmmmemeoe - FEOTGTYPE

-
COHC
Y

[-RT e
{5

HEaH
ccH
LE2

ITIOHG-mmmmomom o = e
PERK

CeNC

(%)

CONE

-~
RS

IT1gH
¥
H

Pos

écln;r.v(nzo_?_)19—1&:&6&«._19-6— .b»u.c...{..-.a COEPY Y CA P NN PY ST OID O IR R o I PN P9 1 8 O] vt ) v By < O

£ < 4 = T ety

By e e et 2 vt 0N - e (Dt ot ol gt DI (N vt vt et vt et N AT LY ot vt ot Y B DY O ST DT Y ] eb et ) L ad
|
H

i

|
0@&&.@000¢ﬁ.06¢0°°¢09ﬁ‘¢_V\U»V.U.UAU.U}.U,VAUOWOOOG‘U0¢°¢¢¢°¢0;@Q°OO ST O

ﬁOCO@C‘QOcOCQ@OOQOOQQu-ﬁva.u.ﬁwﬁnﬁcﬁ@ﬂvh.\ﬁvﬂwﬁ.o»\ﬂvc.gg TGS IDTTCOTTOTTO

i

SNDINOINONDIROIWNTHINNSNSCNSSCNSNCGR SRSV SOOI ONOW DV IINDNI SIS
O BT IO I WY LD P Y ) DD CIT NV G D P YOO B D O S R A OF 2 CTUI I S ORI P SN P D O P O NI D MIN - D (9
[RAmA RTINS T v Ry 200 Safondahar R-170 A of SURT. 275 A0 1o BT 10 0F. % SORR: BT T o X ot 2011 17535.0718().7456?8.0176014-7v55
) CBOvd vt vt ot vt O S O vt vt vttt v v bty £ L 1 6 8 B et vt et w=a O S Cof T G O
AL R T T I O N U I N N N T NN T U N T NN N | i

|

DODIOOCDCOIVIDNCOCVIVIOBIDIISDVSOHOOODITOODICOSDSHEDSNINTIRINIDNGD

5555555500000000555555550000909.&«0000006.055555.3550@00000@
A Wt o el et vt b et v et et el vt v v M 5] O OFO] T Cof O O OO (YO0 O O TN vt vt vt b it vl v vt vt v e vt v

!
|

ﬁ& oo > L SO R C

o YD I G0 OV L vt T U s 0 OV D vt I A0 e 600 GN £ et o 107000 Tow €31 BV €0 vt X 1D 407 1 € OV <Dy wet o U 4D Do T B D vt - 700 Fo 53 BN L vt
DOCDCOD OV TV VOD D OO DD O T VT VOt OO IOV OGO OOt DD et
e 0 i T e i e B i i B B i i i b i i B R R T e s e B s A i e
R SLARACE AAE A AC I A i A i A R A T R K e i i
SO COCOCONIIRCRIVCOCTCIDIBTOVIOO OO SIOHCICITLTICTOLOCDCLO
MOV LOOAGOOQOOOL WL LIL RILY W W G LG G G L, 00T 00T LY 02 0 T 230 20 200 200 10 20 200 0t ek bl bk et et 4t et



140

13
nHC
4

R
€

CONC
N

COMNBITIONS-~—omammmmm -
{3

POSITIOH
¥ Z
(Hx [

L

mee e e PRETETYPE

Eok R v OO O et et et 00 CrDUPD U et rd et st vt S SO D

Ty PP S G 0oF vt Oof 50 G0 00 G O3 W v Tr S I 1) WA (04 w000 O 48 GO MY P o GO0 P ) W YO

<y >t (NVIYY S o et SR STOOE DY PR O et TR YD DO WYY <
At vt

CCOOOTOLOOUCOTDOVCOOLUTIOCTICTIOTCOIODIDOOSTOTDD

OGO TOTT ORI CIOCCTT T I COTOTOT OO OO THOS DD

7.52(753035?0257@«..5?(.).5?0¢25?C25?025?@257
ECTIPIChvd S CIPIUID = O = GNP D P O O w1 OIPTIT D T G € »d TP I A T O
[ N R vt et et et et ok et O o ot et ol e v et ek

OO COCVOLODOLHCOTOOCOOCTVONODOOIDOOIOOVOOT

(OO VODOODOLHLDOOCOCOLTOTIDTDITIDODICHOIDILOOS
LOROOVOIVCOOCODIODOCOO NSOV EINEINININW
O8O CF OIS O OF B 07 OF O CF 8 O £ O 11 05 03] O 03] C0 038 O 14 98 778 vt 1 18 3ok ond oy ot vt 7t et 7d vt 7t

%

T vt e Qv GG PIPYT P O OICI OF A I I vt D vt vt vt P DO O MIPINIMI S S I D it e O

2 o Nty vt ] Y b D UF N LY R o) vt vt >

T UP AT GBS LD ot v U700 P 00 OV 20 vt ¥ U9 ) P 0 T3 1 vt 3 U 0) P €0 ©3 <D vt ¥ U 1) P ) GY 200 vt
UOOOCD Ot OOV OO Vi DOOIDO DO DT DNt O ODODI O v
VIRV NN DNV NN RN N RON NN Y
NASUREER A S & A s R d At BRI R R i d A S A A A A
TGO ODO LT ORI OUCTVODOL OO LT OO DOODOOND
Lof L Lo L g () U e e L e e s L 0 090 €903 Q€ (3 5K 105 20 200 300 S0 20 00 ok Bt e it ook o et 8t



141

cest
i

RH
C

al
CGHC
L

[§:

G- mommm oo oo ee
]

13
AE
HEC
3

Lo eiat

1
P
ce
€

CoHEk

7v11..111..7—9.11.¢1111). Sl Ot e (o O] vt DECS O v wb R S YO

R=4 < > »U.(lv..l DODMvivmtrd  pirivd

64555819.-47.53)4!»74& 31134549,_9;%557.793

- = - T OEPY OF v O (N vt

—(57.7\7.5«-07.52! .fS;Jﬁ -r-'z»w..(snr...@:.\? SOIYIN. S0
RIS Ot OO DUIT Tiee TGP SOt | vt DT T QYO vt
VAt b vt v v vt | v el et e et e | i bk il
LU I T T T 2 S N T S A |

000009@90(0000 UO\ DOTOLGCOVOODSTOON
DD U-U.VOSSS—.);JS;IS-W-I&JSSSSS DOODCDHOD
U U I UTUIEV e P B P Po o " P e o P Pos P B B P D W WD Y S T WD Y
At 7t YA Yt ot ¥d gt o0 Yl Yk Y i et s ik i s ot Tk et el e 4 Y et Yt 1ot gyt Pt

i
i

010@011000 001..1.1‘ 2 vt et ek et et pad (of ot (Nt vt ol et et

[
<
@
¢
&
[«
[£
[
<
o

TP O vt LYW SIIN D = € 27D P GO S wet Y WD P U (00 D vt
VOOV C it PO IIT vt G 2O DO vt OO DO DLyt
AOIE, IEIE TE TN U0 EU LV RT2F SR SUEAr. DR B TEIY JEY R0 RO IV REEE T AY )
Kt Al i g i S e A S A A A A A A g
GO HOCDO LTS OT IO O OOTDTOLOOD
(EERSISVIVETVREVECHINY o R B R ac B Rl S KPRV V-3 PR P P il i v 1t s o o = 14



142

it
(H:

e mmeee e PROTOTYPE
FGSITICN

b el et et O] 3 S I )0001211243?1«.{117456 DU QP W 37?1.

SOMUM DOV CICTLTOONMP I GO NINC DM BOSHTONOWNENOD

S P I T S P D OISP ECHIBI LD P D D N G P 03D P S O Pe ) 03 0
Yt S QU AT WY PP vt o33 G QI U o Pt DD (et SO P P Ol vt DT P WD et § vt
o) €2} 3] ot vt xt vonb ot (Y Eof () vt rd vt ot el et vt et et vl v vl | rdvd bttt e § 5§ 0§ b 1}

L 20 T U T N T U TN J U U N TN U SO TR S SO N NN N N A N S N N N O

CRCOTOTDVIVSOSOSOCTOITIDCCTSDIOCDDITRCODICOST O

CTDVDOTDTLOLIOTTCOLITOTOITODIOLISONNWINNINIBINWIN AN I,
NnRNINOOOLC OO OBt FebetePetate P P P P b Po oo
A8 Yl ot el e et gt bt ol et 1ol ped vl yt et el Yl gt ok o od el ok ool Y vt vl et

GOOD OOV OO IO DT CIPINI PRI O O v D (I CI IV CU O] vt vt vt et

(=2 =4 DIV ODVOCOCOI0 SO <>
'
vt vt O Oof vt € L vt vt et O < e 17 O A 5 19 e G0 O vt €5F 51 €0 U €6 © 000 O w2 U7 €00 OV LD WO Y
Tr e (=R R ] e yob b O3] et

U A e G0 2 €D et LY A0 T O I <22 et X Y LD P G5 600 S et XU A0 P G 0 ot X T WO T QO O v
DU D TR OOV TVt QO I 0T Tt O DD Tl Dy vt vt O D O O r vt
P Bre B Foo P oo e e e Fre e Foe e Pos oo Foo T P e oo B oo e Boa B P Foe o P o0 B Foo e Foe e Poe B e e s
o wl oy g b b oo b ek o b b s s ok s b g b e b e g b 4?..».424..4
DO LDDVDEDITTOLDOLODOLHT DT DO OO OT DL SO ID
LU LIIOA O CYO L Gl L La Ll =2 “9 ~2 =0 “3 =3 <> —2 3 3 3 M WE2E M



143

- === NOGE

T = T <

51983460w&0«083534ﬁ«Q)O?—ﬂl#‘lﬁvelnﬁvs.&laﬁo}ﬁvoGQ.GQ-ZO’JOO..EE

- o O e - DOL D WO DT N DODTOO O O DO

T ot vt 8D O Cof v DY o O ¥ B vt O B3 4 U 5 O P 80 W WD INY D 50 G2 w4 QO 60 G T < O VY0 SO (U A WY I DY O 0 0

OO GVOOCTODITOOOILTVOVDUIOTODVICOC TV TV TOTTOCTUODOTTTIOTISTOS

ORI NI MUY DR D P P WO A G D OHD T S OHOD Pe 00NN D GIIN DN R D N R D (N
DWW WUI PO e M vt D W T AR PINI T B UINT O+t 0 I PIUPD T O D e (NP D 3 S ORI WD P G XY v
Clrtotrdptvdysrdrswdvt b 0 3 3 30 0 1 883 Tt et ot 1t vt o8 ) 4t (5] 9ot ot vt ot et e (of O
L2 T T T U T O N O O |

Oﬁ.o.ﬁ‘ﬁ'ﬂvgﬁ.oooe.ﬂ-oaoenvoQQGOQOOOQ‘UOO;UOOOOOOQOO0000000
OO LUDLAVDOCOOTOVTROODVDOLVODITLOOTIIDICVLODIOOHLIOCOTOO
COOOOOCCINHNINNPINIOCOODOQVCOOOCTOCTIININIINIDINNIOODOOLOOO
T vt gl vt ot ko el yd et 3t 7t 3ot et wed vt 8 OO O] DG OO O OF O 008 O C0F OF T4 N 170 18 7 et vmt 1ot 1ok vl 4ot 3t 4t vt 3ot et yed oot

TGP D vt vt vt vt vt vt vl vt vl ot 1 T D el vt el vt 7t O ot vt T vt Tt vt et vt et A D D D A vt D vt O LD vt

U0 B GO S D vt T I AD P GO G 0t TR UI AT P 0 B DD ot 1 1D 5T P €O O € vt o S0 P G0 BN med v YD P QO BN D v
OO OH O OO ONO W OOOTOT T O DTV D OO IVt OO OO Tr O vire
€O 0 T O £ QY $O OO G G R O CfF T 6 A €0 OF ¢ O G 0O £ 0O ) G2 €0 00 €0 G Q0 4 70 0 ¢ G 2 1 €O 0O GF GF (0 00 O 00 ¢ O
R A A R A A A b i i Sl e B A i T T i A R R R e
DODCVOVODODOOLTOHTOVOCDDOLDIVDTLCVVTDIOAITOODLAICIODICIDDDDO
[AIEIR IR IR TR IR Y oY P Y P P SRVR VS PRTRVIRCTRINARTISULVM SN EN PR N PRI L JA TE S L T L RX DL T3 B o v o v ofbe b vt od



144

G i e

b ¢

---- - NED

CONEC

TRy

EHE

i
HE
%

3
9

POSITIAN

9_19-14‘1..3537u37..357-710.57474\‘7«3?~9~?~7458Y..als L DI I

< -~ - O ODODONS v et DO OD O

TP YIS B3 D) O v eI PO P G SNV e s Y PIRL QP o Y DD B 0 U3 D D e v v N (Y

b IV et (5 vt vt V3 O] A o Y vd e OIS S PO OO ity

DOOTDOCTOCOIOCOIVOTOITUOIODCDOTIOOTODODODTDOD

COROOTR OO LT O TOTOUTOODIONC TGO OO DCOITIOTTT

h.S.Ozcﬁ50Sﬁ._3,0s\bsoq‘SQSOsasosososososO.S.USOSO
L1 ) O P 1) R S I T O T CN N O O 0?520?520?520?53&
I WINPT Ot Mt O OO QU P CEMTEY D P 2D P DT PRI vt O P B UTDI O v

o rarirtreytytvdrtrtet § | § || 1—.»——.—2..——.»

KLU T A T T T I O OO

DSOS )hv.oO\nfvoo.\wooc‘oOooecogecoooeeossssssss
DOCDODIODOTDODVODCOTIDCHIOODOODTO IS MNOICINIMOIN
VOOSOCOSRINININDINIWOOCOSHOOOOD OO OO vt rivs vdvd vi vt vs
Tt vl et Yol Y0 ¥t ot h oyt et gt et et vt O8] 0o O] OOV O OF S O (3 O O3 ©F O O 010 G L 010 S I 0

i
T4 D et O O vt vt Tod e vt vt ot G P ANV (vt vt et 1ot 3ot vt opt 0t et () NV 2 o DD O O vt vt (O O

- el et et et gt ot ol i oyt Ly T2

UB D P G0 O € vt U 0T P 00 05 LY vt U 00 P 0 0% O vt I 1) P T OV <D ot 3 W70 P 00 OF L vt
VOV FOD A DO O VDVt et DO OO Dt i O SO OO Ot D ODTOD Ot vt
G4 B% G BN €7 6N G BN 5N G Gv BN 153 G £ UM 150 BV G5 G G G5 O G2 050 OV G5 OV G OGN O B8 § GV 00 G4 Y BV O BN
R A A AR A A R S A A AR R TR A A A A d
DVOOSDODOCVCHLULINCTLOOIIDOCCAOLCDODLDISCOOOTRDODO
LIOVLWVLIIILOOOOOAAOL WL AL LWL WG WL RIGt d ol ot ed of ot



145

FOSITIGH
¥
[

¥

K
H

meeeeem e —=-PROTOTYPE
¢

RIS
CONC
[

NG
H
[

G et O30 S wet QU COF 4 O 30 O vt vt Of vt S DN OL O O S 1Y 32.2_222121111.!.»2231.51112111.0 L adadad

<)
{r
]
]
[
(]
[
(]
¢
¢
[
¢
[
<
¢
¢
g
4
&
[
[
[«]
¢
Sn
&
G
o
G
9
[
]
[}
&
(<]
o
[
Q
4
¢
¢
¢
¢
4
[«
&
o
¢
¢
o
&
]
¢

9.1\«81‘6539475574771.\«\0-.( 2—\»7#2.1. q.lnr:.-,-s bﬂlej19.7#5;ﬁﬂlﬂvtdf&w.le\-19:3—.‘801}:5—35
IS S el e b R L e R e I TR T O A B 1 W ot et b v et vt ot et et et o] G OO O vt vt OGO O O O
T 20 T T T U A SR N T O T B B i

!

i
OCOSOSOCDIOTOCTTOODCTOIVETIOOTIDIIOOODOOOOTTIDIDIVOOTOSOT
OODCDODOVLTSOTLOSOTLDODDTLOITVITDODIDODITCODODITOIDIDHOCDOIDSCODSDOTDOIOD
VRNNRNIRNELHORODSDSOODCOSOCINDNINLINININIPBVNVNOOOCOSOOININELINLID
e vt oyt vk oy oot vt vt © CF OF (08 € €23 €00 €50 £08 O 038 03] €3F €08 Cof G0 120 vk vl 10 708 70 1ot xont 98 18 98 18 o0t 0t vt 3t T3 ¥l 0 et vt pd ed vt .

i

T vt D O vt et v 0 O LD O L T et DR vnt S vl vt vl et ol ety ol ot yod vt ot et vl ot ek vt vt Y D v DT AT OO BN O DT OO OO

U e €O O 4D vt T UY NG Ea 0 SN 2D vt T 7Y 5D o D0 G5 £ vt o TP LD e 00 5 20 vt o 19 0T P 00 8 D wet ¥ D A0 1w 70 BN £ vt 31 D403 B QY BN €D vt
COVOVOIDOD OO IO DOUI OOV Ot tO OOV D OODOT Ot OO SDCres
CODCOODODOOCOCOCOOCORNLOLDOOCUOIVDONODOACDIOOORTLHODONODCDHOOS
1 Y UI U ETEIN VN WD WHIN W INUXIN AN RN IDN 1N U NI NN 1w D O WIN BINEIN N N N g
OOOODOGOTVOOTOTOTHODTOISODTOIOOT T DICOHIOCOOTROODCLHODOTDTTTRLCOO
QULLILI LWL O €O ey Wd bl Laltad L lad ad L) 222 0 260 20 I 20T 17 2000 4000 0t 6end bt el Bt et bt 1) 7D ST "D D <D DAL AL 30 DE A B2 2 D2



146

cmemmmeeeee-PEOTGTYPE

2ils

- A

He
CREC

e
&

on
c

:

[k 3t

¥
13

POSITION

1.1.7uﬂ.:£9_74355547;9.7~9-7.17q9.11(574345431.11..1

V4 vt et et

(DO O DR TP Ol O IO O DD OO

'

DOOCODOTDOTOODIOTTLOCOOD SODSOTDTTO
TOCOS OGO TCOTUCTTOOUITDOTOUDOTOOTOD

AT DN D NI D IR D DN SO D CIIN N S IINN
K1t ov-—u.d—.d.\é.‘.a 19——-&52*16) O D P D OIS P Oy
it ' 70 9 ol vttt 4t

SOCHSOSDOCDCOIICTCODIOOOTISOTIOCOCDO
DLODSOTTOSVCDODCOCOILIDODOOTOTOODS
GOSGDHOOHIOTODOOCDCOHNTINNHNN DNRN IDnINDNILINYD
T O 0 T (8 O 08 € OO0 0 Eof C Tof O 03] vt 18 70 94 7ot 324 1t v 74 vl 7ot 7t et vt v vt

v 111..12&-21.1.1.117v4544n..211n¢9~1ﬁ-1¢°

Y AT Foe O 5 Y et 1Y A P O G0 O vt 1Y WD e OF €60 O ot U P 1 ON 4D vt
VOO OI A MO OGO vt DT OO OO D vt ot DS Oy Dt
2l et et 0t ok ol vt ot et Yl Ul el et reed Yk 4ol ook ok vl ed ek ot b oot v vt ok 4t el vd et e
W2HTUTVIUYIN U TG 3 U U 8 IN DN N WM Y YN U U
CHCOODTUCTOTTOOTUT ORI TTTOTOTOOC T
Sl of tef Lad Lof bl D G G L e s b L e Lo, 200 000 200 T 00 0 S T 0 0 et el el et et 5t



147

APPENDIX C
CONCENTRATION DATA WITH LNG SPILL RATE

OF 7000 gpm FOR 10 MINUTES DURATION
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ABSTRACT

Motion in the atmospheric boundary layer can be simulated with
sufficient accuracy to make laboratory studie$ of the dispersal of
cold methane plumes resulting from LNG spills useful for planning
measures. Performance envelopes have been prepared to identify LNG
spill sceﬁarios which may be simulated in meteorologicalawind tunnels.
Satisfactory agreement between diffusion characteristics in the

simulated and real atmosphere has been found whenever field data

have been available for ‘making comparisons.
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WIND TUNNEL MODELING OF LIQUID NATURAL GAS SPILLS

R. N. Meroney, D. E. Neff, and J. E. Cermak

Colorado State University
Fort Collins, Colorado

I. INTRODUCTION

The primary purpose of this paper is to show through basic
similarity analysis and comparisons of model and full-scale data that
atmospheric transport of dense, cold natural gas clouds can be physically
modeled in "meteorological' wind tunnels for a range of real boundary
conditions which have great practical importance with respect to liquid
natural gas (LNG) spill hazard analysis. The scales most accurately
simulated will depend upon model scale, thermal stratification, and
wind tunnel characteristics. Comparisons of natural gas concentrations
for laboratory model tests of LNG spill configurations ranging in ‘scale
from 1:106 to 1:666 and an‘atmospheric prototype support the arguments
for similarity of the physical model. Performance envelopes of a
typical large meteorological wind tunnel indicate situations where
physical modeling is credible.

A number of controlled laboratory experiments have been prepared
previously to evaluate the significance of density on gaseous
plume dispersion. Sakagami and Kato (1968) ﬁeasured diffusion and
vapor rise from a small 5 x 10 cm LNG well in the floor of a 50 x 50 cm
cross-section x 200 cm length wind tunnel. They confirmed a tendency
for the gas to remain concentrated at ground level. Boyle and Kneebone

(1972) released LNG on water, precooled methane, and propane in a



specially built 1.5 x 1.2.m c?oss-section by 5 m long asbestos-wall
wind tunnel. No attempt was made to scale the atmospheric surface
layer velocity profile or turbulence. They concluded room-temperature
propane simulated‘a LNG spill quite well, but the pre-cooled methane
runs lofted suggesting to the authors incorrect release temperature

or exaggerated heat transfer from the ground surface. Hoot and
Meroney (1974) and Hall (1975) éonsidered point source releases of
heavy gases in wind tunnels at ground level. Hoot and Meroney found
that releasing gases with specifi; gravities as great as 3.0 only
slightly shifted the decay of maximum concentrations with distance
despite significantly different plume cross-sections. Hall considered
transient and continuous releases on a rough surface (plume height -
roughness height) and on up and downhill slopes. Hall reported shallow,
wide plumes whose shapes were considerably altered by 1 in 12 ground
slopes.

Tests were conducted by Neff, et al., (1976) in wind tunnel
facilities to evaluate the rate of dispersion and the extent of downwind
hazards associated with the rupture of typical large LNG storage tanks.
Concentration and temperature measurements, and photographic records
were obtained for different wind speeds, wind direction and constant
boiloff rates under both neutral and stable'atmospheric stratifications.
Subsequent measurements by Meroney, et al., (1977) examined transient
releases in similar configurations as well as densé plumes on uphill

slopes, and buoyént plume liftoff situations. Different model release

gases were used to simulate the behavior of the cold methane plume - heavy
isothermal gas mixtures (COZ, Freon-12 and air, or Argon) or light-

cold mixtures (He and N?).



Since in many parts of the Nation there is the perception that
current and planned LNG operations and facilities present an
unacceptable risk to the public, the Division of Environmental Control
Technology, Department of Energy, has proposed a comprehensive
integrated RD § D program. The DOE (1978) program proposes to resolve
the LNG safety and contral issues by developing a capability to
predict the consequences of an accidental release of LNG.

Further tests to illuminate the missing physics of LNG spill
behaviour would be appropriate. The purpose of this paper is to
provide guidance for the planned use of wind tunnels to study the
structure of vapor plumes resulting from LNG spills on land for a
realistic range of meteorological variables, plus source and site
features. Wind tunnel laboratory measurements permit a degree of
control of safety, meteorological, source and site variables not often
feasible or economic at full scale. Nonetheless simulation of dense
plume behavior is not automatic, a discussion of some of the problems

associated with this approach follows.

II. LABORATORY SIMULATION OF DENSE GAS PLUMES

The reliability of the use of wind tunnel shear layers for
modeling atmospheric flows has been demonstrated by several investi-
gators (Cermak, 1975). Specific problems associated with the dispersion
of cold natural gas plumes have been éreviouslydiscussedtw'Meroney,
et al., (1976).

Wind tunnel flow characteristics and physical size are such that
most of the requirements for similarity with the atmosphere can only

be approximated with varying degrees of accuracy. This does not eliminate



the possibility of making useful studies of diffusion ﬁy means of
small-scale models but limits the range of length ;cales and thermal
conditions for which the studies are feasible. Each similarity
requirement will be examined in an effort to determine the necessary
approximations imposed by the physical model and the resulting
limitations imposed upon the dispersion studies.

Grouping independent variables which govern LNG vapor dispersion
into dimensionless parameters with air density, p_, wind veloc;ty at

a

tank height, UH’ and tank height, H, as reference variaﬁles and

where Q is volume boiloff rate of methane and pg is methane gas

density yields

Reynolds number

'

Modified Froude number

t”

Momentum ratio

:

Gas density ratio

.

Non-dimensional spill rate



g(T,-T )H
g - Bulk Richardson number of inverse atmospheric
T UH Froude number
§ Dhk Vars 1 h 1 . s ated with
TTEH - Various length scale ratios assocliated wi

shear layer thickness, &, dike diameters, D;
dike height, h; and roughness length, k.

For a model test to be completely representative of the full-scale
event, values of at least these ten dimensionless numbers plus
similarity in approach flow velocity and turbulence profiles should be
the same in thé model test as at full-scale. Since it is not possible
to retain exactly the same values of all thése numbers at full- and
model scale some latitude must be tolerated. (Indeed in many cases
the full-scale values are not even well defined.) One may ac;ept
variation in these parameters to the extent that such lassitude does
not jeopardize the representativeness of the model.

The Reynolds number cannot be made equal for model and prototype
for scales ranging from 1:100 to 1:600. Fortunately equality is not
required if the magnitude and quality of the shear layer turbulence is
similar to the full-scale--hence the use of specially designed
meteorological wind tunnels (Cermak, 1975). It is possible to obtain
full-scale values of the remaining non-dimensional parameters by

reducing the reference velocity, UH’ to very low values (of the order

of 0.2 m/s to simulate a 3 m/sec full-scale wind) and increasing the
atmospheric temperature difference (TH-TO) as necessary. In some

cases investigators modify the density ratio pa-pg/pa to permit the

use of larger and more convenient values of UH (Hall, et al., 1975).
Unfortunately this also modifies inertial effects, time scale ratios,

and volume dilution rates so this is not proposed herein.



Previous experiments by Hoot and Meroney (1974), Bodertha (1961),
Van Ulden (1974), and Boyle and Kneebone (1973) have confirmed that the
Froude number is the parameter which governs plume spread rate,
trajectory, plume size and entrainment when gases remain negatively’
buoyant during their entire trajectory. In the case of spills of LNG
buoyancy of the plume will be a function of both moie fraction of
methane and temperature. Thus, depending upon the relative rate of
entrainment of ambient gases versus rate of thermal transport from
surrounding surfaces the state of buoyancy may vary from negative to
positive.

To clarify this point Meroney, et al., (1976) proposed a simple
one-dimensional mixing model including considerations of conservation
of energy and mass plus thermodynamic definitions of mixture properties.
Sample computations for methane spills suggest qualitative behavior
as shown in Figures 1 and 2. If the relative humidity is zero,
depending upon A (heat transfer rate) the behavior of buoyancy forces
will vary markedly with dilution. Figure 3 depicts the potential
variation in dense plume behavior in situations where the atmosphere is
dry and stable with an insulative cool boundary versus a moist
unstable day with a hot conductive boundary. Thus on initial
consideration it is important to model not only the initial Froude
number of a plume but its characteristic variation with dilution also.
Room temperatures of air-Freon-12 mixtures (or alternatetively carbon
dioxide or argon) will behéve like the A = 0 case, and a release of
nitrogen cooled to 217°K will perform similar to a marginally buoyant
methane spill (A = 1/3). For A = 0 but finite values of humidity it

is seen in Figure 2 that humidities greater than 60 percent may produce



marginally buoyant plumes as a result of adiabatic mixing. A mixture of

helium and nitrogen (x,, = 0.5, x, = 0.5) adjusted to produce a

He N

2

molecular weight equal to that of methane, which is cooled to methane
boiloff temperatures (112°K) should simulate the variable Froude .
number characteristic but with a nonflammable gas.

Consideration of the heat transfer conditions suggests that
surface heat transport from the ground will be a function of the

Boundary Fourier Modulus function

BEM = Plume time over surface
Time constant to change surface temperature

Examination of the range of this term suggests that for field and‘

wind tunnel configurations BFM << 1.0; thus, it is sufficient to maintain
the‘surface temperature on the laboratory boundary constant. Since the
turbulence characteristics of the flow are dominated by roughness,
upstream profile shape, and stratification one expects that the Stanton

number in the field will equal that in the model, i.e., Stm = St_,

and heat transfer rates in the two cases should be in proper relation
to plume entrainment rates.

Earlier measurements (Neff, et al., (1976) and Meroney, et al.; (1977)
now suggest that heat transfer effects may be small over the significant
time scales associated with non-calm situations (i.e., Up > 1 m/sec);
hence gas density should be adequately simulated by isothermal high
molecular weight gas mixtures. This agrees with the result independently
reported by Boyle and Kneebone (1972) that room temperature propane

simulated an actual LNG spill quite well.



It is tempting~to’'try to simulate the entire spill phenomenon
in the laboratory including spill of LNG into the dike, heat transfer
from the tank and dike materials to the cryogenic fluid, phase change
of the LNG and subsequent dispersal of natural gas downwind. Unfortunately,
the different scaling laws for the conduction and convection suggest
that markedly different time scales occur for the various component
processes as the scale changes. Since the volume of dike material
storing sensible heat scales versus the cube of the length scale
whereas the pertinent surface area scales as the square of the length
scale one perceives that heat is transferred to a model cold plume
much too rapidly within the model containmenf structures. This effect is
apparéntly unavoidable since a material having a thermal diffusivity
low enough to compensate for this effect does not appear to exist.
Since calculations for the full scale situation suggest minimal
heating of a cold natural gas plume by the tank-dike structure it
suffices to cool the model tank-dike walls to reduce the heat transfer

to a cold model vapor.

III. WIND TUNNEL PERFORMANCE ENVELOPE
It is instructive to consider the operational constraints on
current large wind tunnels to determine those field situations which
may be satisfactorily simulated. Operational limitations include:
1. The inability of most large wind tunnels to function
satisfactorily at very low wind speeds (< 0.1 m/sec). At
low wind speeds the wind tunnel becomes sensitive to small
disturbances, both external and internal, which lead to

unrealistic perturbations of the mean flow.



2. The associated inability to maintain large Reynolds number.
When the characteristic Reynolds number falls below 3000
wake turbulence no larger remains similar to field conditionms.
3. A minimum spatial resolution for concentration measurements of
+ .25 cm. Minimum pertinant resolution in the field may be
+1m

4. Lateral interference with a spreading dense piume by wind

tunnel walls. Current wind tunnel facilities have widths

up to about 4 m. One can estimate wind tunnel wall

interference by utilizing the spread formulae proposed and
tested against field spills by Van Ulden (1974). The expression
relates spread to boiloff rate, wind speed, and gas density.

The four operational limitations listed above have been
incorporated into the performance envelopes shown in Figures 4 and 5.
Wind tunnel wall interference lines are conservative for the situation
shown since they represent steady boiloff interaction at a distance of
20 diameters downwind of a 0.3 m diameter model source. Only the highest
boiloff rates for the larger field situations must be eliminated from
consideration and all relevant stable stratification conditions can be

provided.

IV. WIND TUNNEL EXPERIMENT
Scale models (1:200 and 1:400) of two typical LNG storage tanks

have been studied in meteorological wind tunnels for a neutral and stable

atmosphere.
Tank facilities considered include a low dike configuration (39 m

diameter tank, 36 m high surrounded by a 6.6 m high dike 93 m by 100 m



10

in area) and high dike configuration (73 m éiaﬁeter, 39 m high tank

. surrounded by a concentric 81 m diameter dike 24 m high). Also
examined was a 1:106 scale model of Test 044 from the Capistrano
Series supported by the American Gas Association (1974) which involved
a spill into a 25 meter diameter by 0.5 meter high dike. The 1:200

scale models shown in Figure 6 utilized for pre-cooled He-N2 releases

incorporated liquid nitrogen reservoirs within their structure to
reduce temperature difference between the gas mixture and the tank/dike
walls. This device prevented exaggerated heat transfer effects as
discussed previously.

Concentration measurements were performed in the Colorado State
University Meteorological Wind Tunnel. This tunnel, especially
designed to study atmospheric flow phenomena, incorporates special
features such as an adjustable ceiling to reduce model blockage,
temperature controlled air stream and boundary walls, and a large
test section (1.8 m x 1.8 m cross-section by 29 m long) to permit

equilibrium development of typical atmospheric shear layer characteristics.

All results presented herein are modeled with pure carbon dioxide
or pre-cooled helium-nitrogen mixtures adjusted to simulate boiloff
densities of methane. Turbulent diffusion of simulated LNG plumes
for the three different LNG tank and dike complexes, two model gas
mixtures, two atmospheric stratifications, three scale ratios, and
a number of wind speed and boiloff rate combinations were studied;
Mean concentration measurements were obtained for as many as 23
different sample points distributed over a ground level zone up to

250 m wide, 50 to 2000 meters long, and in the vertical over a height
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3
of 0 to 100 meters. A schematic of the model configuration and the
associated concentration measuring equipment is shown in Figure 7.

To obtain an accurate prediction of the extent of hazard associated
with the vaporization of LNG, the model should simulate the variable
boiloff rate of the gaseous methane characteristic to that of the
spill configuration. Typical boiloff curves for the prototype situation
along with the actual model gas release for the Capistrano Test 044
are presented in Figure 8. These gas flow rate curves were obtained
by use of a programmed cam to close a micrometer needle valve controlling
the flow of simulation get at a predetermined rate.

The transient nature of the boiloff rates simulated necessitated
the use of a fast response, temperature compensated concentration
transducer. An aspirated dual film probe was designed for this
project; As noted in Figure 9, dual films operated at different
current levels permitted compensation for temperature drift, while a
flared inlet reduced the noise of pressure fluctuations. Calibration

suggests a noise level of 0.1% by volume CO, and an upper frequency

2
response of 1000 Hz.

V.  TEST PROGRAM RESULTS

The purpose of this paper is to demonstrate the feasibility of
utilizing wind tunnels as a tool to study dense gas spills rather than
present comprehensive results. Extended discussions of the LNG spill
cases examined at CSU have been prepared by Neff, et al., (1976), Meroney,
et al., (1977). Meroney and Neff (1977), R § D Associates, et al., (1977),

and Harsha (1976).
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Test results consisted of (1) a qualitative study of the flow
field around the different tank and dike localities by visual observation
of the plume released from the model area; and (2) a quantitative study
of gas concentrations produced by the release of a tracer from the model area.

1. Continuous Boiloff Release Results

Continuous releases of CO2 made from the high and low tank-dike
configurations agree well with the earlier Freon-lZ-N2 simulations
performed by Neff, et al. (1976). The dimensionless concentration
coefficient XﬁHTz/Q scéles with non-dimensional downwind
distance x/HT (Figure 4). The dimensionless concentration
coefficient curves asymptotically approach the slope of those
given by the appropriate Pasquill diffusion category for goth
neutral and stable flow. No significant differentiation appeared
between CO, and pre-cooled HeN

2 2
2. Variable Boiloff Release Results

simulation gases.

Figure 5 displays the dilution time history of the Capistrano
Model Test andvthe field situation superimposed for the typical
test position (320', 0', 0'). The time and magnitude of highest
concentrations observed at most of the test locations is in good
agreement. The arrival time of the transient plume at the measure-
ment location is reasonably close. Tﬁe model does not, however, predict
the large and intermittent concentration peaks at late times as
observed in the field. Such variations are likely due to gustiness
and changes in wind direction recorded for the field case but not
present in the wind tunnel, or possibly the long time response of

the field sensors utilized (10 seconds).
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Transient measurements made downwind of the typical high and
low dike configurations reveal that mean concentration measurements made
at constant boiloff rates appear to upper bound conditions to the
maximum concentrations detected during a transient boiloff situation.
Motion in the atmospheric boundary layer can thus be simulated
with sufficient accuracy to make laboratory studies of cold methane
gas dispersal useful for planning measures. Satisfactory agreement
between diffusion characteristics in the simulated and real atmosphere
has been found whenever field data have been available for making

comparisons.

VI. SUMMARY

The wind tunnel can simulate a range of conditions associated with
vapor transport and dispersion downwind of LNG spills. Scaling
criteria suggest that existing size facilities can simulate spills
boiling from areas up to 150 meters diameter. Wind speeds at a 10 m
reference heights may be simulated from lower magnitudes of 0.7 m/s
for spills of 15 m diameter (scale ratio = 1/50) or 3.0 m/s for spills
of 150 m diameter (scale ratio = 1/500) upwards. A desirable
local resolution of 1 m limits model scale ratios to ~ 1/500 or less.
Lateral spreading in a typical 4 m width wind tunnel may further
limit maximum equivalent volume production of cold vapor at a given
wind speed (i.e., for scale ratios = 1/200 a liquid boiloff rate of 25.4 mm/min
produces wall interference effects beyong downwind distances of 300 m
for velocities less than 3.0 m/sec). For rates less than liquid
boiloff rates of 2.5 mm/min there should be no additional constraint.

Vapor dispersion downwind of LNG spills has been reproduced for selected
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A

cases of the 1974 AGA landspill program. Wind tunnel simulation provides
a design tool to pre-scale trajectories and dispersion of cold LNG

vapor clouds. This method will provide guidance for instrument
placement and numerical model development during the 50 milliom

dollar program planned by DOE to guide LNG hazard analysis.
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WIND-TUNNEL EXPERIMENTS ON DENSE GAS DISPERSION

Summary
Laboratory simulation of negatively buoyant emissions into the
earth's boundary layer is a valuable predictive tool to describe the
motions of potentially hazardous chemicals such as propane, butane,
chlorine, liquified natural gas, freon, etc. In this paper are
discussed some of the simulation criteria, special instrumentation, and
results of wind-tunnel investigations of dense plume behavior. Such
wind-tunnel data can be correlated in a manner that yields an empirical
prediction of vapor dispersion from full-s":ale releases; nonetheless,
certain facility and gas specific limitations must be recognized when

interpreting an ‘experimental program.



WIND-TUNNEL EXPERIMENTS ON DENSE GAS DISPERSION
Robert N. Meroney
Fluid Mechanics and Wind Engineering Program
Colorado State University
Fort Collins, Colorado 80523
1.0 INTRODUCTION
Release of a dense gas from short stacks or near the ground is

accompanied by initial descent and horizontal spreading caused by gravi-
tational forces. Buoyancy forces tend to suppress advection by wind
shear and dispersion by atmospheric turbulence. Such clouds will drift
downwind from the source location at ground level, providing an oppor-
tunity for ignition if the gas is flammable or perhaps for acute toxic
effects to life in its path. The mixing of such plumes is still only
partially understood despite a significant research effort of many

years.1’2’3’

The relative influence of gravity forces, viscous forces,
entrainment at the plume front, entrainment at the upper surface, and
modification of the background turbulent field due to stratification
effects have been active subjects of discussion.

Dispersion in the atmospheric boundary layer can be simulated today
in meteorological wind tunnels with sufficient accuracy to permit
realistic scaling of dense gas escape hazards, pretest planning for
field experiments, and a post test opportunity to extend the value of .
limited field measurements. Laboratory experiments permit a degree of
control of safety, meteorological, and site variables not often feasible
or economic at full-scale.

This paper considers the results of experiments performed in wind

tunnels to examine the behavior of dense plumes during periods of

gravity spread/air entrainment dominance. The special features which



characterize dense gas dispersion and the associated similarity criteria
are introduced. The behavior of elevated releases, surface releases,
and dense gas plume interaction with surface obstructions are discussed
in successive sections. Finally, sources of uﬁcertainty and efforts to

improve modeling procedures are presented.

2.0 DENSE GAS DISPERSION: GENERAL BEHAVIOR
Dense gas plumes may result whenever the fractional density ratio,

A, is greater than zero, i.e.

3

_ 28.9
0

Az1.0 -8 (1)
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where To is effluent temperature, m, is the mean molecular weight of
the effluent, and ﬁw and ﬂo are the.mass flux of liquid water and
total mass flux of the effluent respectively. If A > 0 the plume is
heavier than air. It may fall to the ground rather close to the source
if |

u
ghd

Fr =

<C (2)
0

where C lies between 0.7 to 7.7 depending on surface roughness, wind
speed and stratification condition. Prediction of the behavior-.of dense
plumes is also often aggravated by the influence of surface interaction,
heat transfer, latent heat release, and a transient character.

The effect of negative buoyancy on plume behavior and resulting
downwind concentrations will be greatest when crosswinds are light, and
turbulence intensities are low. The sinking velocity of the plume
relative to the horizontal convective velocity will be much higher than

under '"normal" conditions. In such cases, the entrainment of outside



air into the plume and the resulting diffusion is a function of this
interaction betwéen the plume and the crosswind and approaches the
behavior of a turbulent plume injected into a laminar crosswind. When
the density is sufficient to bring a plume to ground level, large
lateral spreading occurs after touchdown.

A ground-level release of a dense gas is characterized by rapid
slumping toward the surface. Horizontal dimensions increase rapidly
with an associated decrease in vertical dimension until such time as
entrainment is significant. The ratio of vertical height to crosswind
dimension remains quite small over most times of interest. The initial
potential energy of the dense gas is converted rapidly to kinetic
energy; however, this energy is also .transmitted to the sidrrounding
ambient fluid and is dissipated by turbulence.

The tendency for dense gases to remain near the ground enhances the
importance of plume interaction with surface features. Slight changes
of surface slope on the presence of buildings, fences, or dikes will
effect plume behavior. These features produce three-dimensional second-
ary motions or local areas of enhanced turbulence; hence, laboratory

models are often required to adequately predict dense gas dispersion.

3.0 PHYSICAL MODELING CRITERIA

Two systems at different geoﬁetric scales will exhibit similar
behavier if geometric, kinematic, dynamic, and thermic similiarity are
guaranteed by the equality of all pertinent ratios of .forces, boundary
conditions, and initial conditions.4 When it is not possible to obtain
a rigorous similarity in all variables it is necessary to neglect some
contributors or phenomena; hence partial similarity. This is permis-
sible when the contribution of such terms are small or their absence

conservative.



3.1 Simulation of the Atmospheric Surface Layer

The atmospheric boundary layer is that portion of the atmosphere
extending from ground level to approximately 600 meters within which the
major exchanges of mass, momentum, and heat occur. Physical modeling in
wind tunnels requires consideration of the physics of the atmospheric
surface 1ayér as well as the dynamics of plume motion. The reliability
of wind-tunnel shear layers for modeling atmospheric shear layers has
been demonstrated by many investigators;5 hence only special aspects
associated with dense gas dispersion need be discussed here.

The major practical limitations of accurate wind-tunnel simulation
of dense gas dispersion are operational constraints, particularly the
inability to obtain a steady wind profile or to accurately simulate
atmospheric turbulence at the lowest wind speeds of interest; and
Reynolds number constraints (as yet somewhat ill-defined) associated
with the proper scaling of near-field turbulence. When combined with
estimates of the restraint of plume expansion by the tunnel sidewalls,
these considerations permit the development of a performance envelope
for a particular wind-tunnel facility, examples of which are given by

Meroney et al. (1978), (1979).6’7

3.2 Simulation of Dense Gas Dispersion
There exists in the 1literature descriptions of a variety of

different wind-tunnel studies on the dispersion of neutral gas plumes in

8-13

the atmosphere. These referenced studies are significant in that

simulation was confirmed by direct prototype measurements. Successful

simulations exist for isolated plume behavior8 as well as plume pertur-

bation situations caused by buildings,g’m’11 12,13

8,11,12,13

topography, and

stratification.



When one considers the dynamics of gaseous plume behavior, exact
similitude requires the simultaneous equivalence of mass, momentum and
volume flux ratios, densimetric Froude number, Reynolds number, and
specific /gravity. Consideration of variable property, non-ideal gas,
and thermal behavior of the plume mixture introduce additional con-
straints on specific heat capacity variations.m

Previous experiments by Hoot and Meroney, Bodurtha, Van Ulden, and
Boyle and Kneebone have confirmed that the Froude number is the param-
eter which governs plume spread rate, trajectory, plume size and
entrainment when gases remain negatively buoyant during their entire

trajectory, 13+16,17,18

In the case of spills liquified inflammable
gases like LNG and LPG buoyancy of the plume will be a function of both
mole fraction of the gas and temperature. Thus, depending upon the
relative rate of entrainment of ambient gases versus rate of thermal
transport from surrounding surfaces the state of buoyancy may vary from
negative to positive. Earlier measurements for cold gas releases now
suggest that heat transfer effects may be small over the significant
time scales associated with non-calm situations (i.e., Up > 1 m/sec);
hence gas density should be adequately simulated by isothermal high
molecular weight gas mixtures. This agrees with the result indepen-
dently reported by Boyle and Kneebone that room temperature propane
simulated an actual LNG spill quite well.18

The Reynolds number cannot be made equal for model and prototype
for scales ranging from 1:100 to 1:600. Fortunately, equality is not
required if the magnitude and quality of the shear layer turbulence is

similar to the full-scale--hence the use of specially designed meteoro-

logical wind tunnels.5 It is possible to obtain full-scale values of



the remaining non-dimensionél parameters by reducing the reference
velocity to very low values (of the order of 0;2 m/s to simulate a
3 m/sec full-scale wind) and increasing the atmospheric temperature
difference as necessary. In some cases investigators modify the density
ratio (pa-p)/gpa to permit the use of larger and more convenient
values of model velocity. Unforunately; this also modifies inertial
effects, time scale ratios, and volume dilution rates.

A reasonably complete simulation may be obtained in some situations
even when a modified initial specific gravity is stiphlated. By
increasing the specific gravity of the model gas compared to the proto-
type gas, one increases the reference velocity over the model. It is
difficult to generate a flow which is similar to that of the atmospheric
boundary layer in a wind tunnel run at very low wind speeds. Thus the
effect of modifying the models specific gravity extends the range of
flow situations which can be modeled accurately. Isyumov and Tanaka
(1980) found that Froude number and volume flux equality provided
conservative ground-level concentrations for buoyant plumes.19 Skinner
(1978) and Kothari and Meroney (1980) obtained similar plume trajec-
tories when flux Froude number an@ momentum ratio equivalence are

required.zo’21

4.0 ELEVATED EMISSIONS OF DENSE GASES

Dense gases descending from elevated sources have been reported by
several observers. Scorer reports cases of two power plants emitting
wet-washed plumes with apparently insufficient eiimination of free
water, in which the subsequent evaporation of the free water cools the
plume and causes it to sink.22 Bodurtha observed descent of dense gases

from chemical industry relief values.16 The exit stack for the National



Transonic Wind Tunnel facility at Langley Research Center, NASA, will
omit large quantities of cold nitrogen-air mixtures which produces
ground fog under certain operational and meteorological conditions.21

Bodurtha conducted wind-tunnel tests of emission of freon-air
mixtures into a crosswind. Various combinations of density, exit
velocity, crosswind velocity and stack diameter were used in obtaining
smoke pictures. The results were correlated by an expression for the
maximum rise height:

H = 5.44 D00-5 g0-75 (3)

in which H is the maximum rise height of the plume centerline in feet,
D0 is the stack diameter in feet, and R is the ratio of the exit
velocity to the wind speed. This formula has the disadvantage of being
dimensidﬁally.inhomogeneous, and the absence of relative density terms
makes its application questionable as the specific gravity approaches
unity.

Hoot and Meroney examined dense vertical plumes in a quiescent
medium, and dense plume injected into both laminar and turbulent cross-
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winds. The vertical plumes emitted into a quiescent atmosphere were

observed to rise initially in a jet with almost linear growth of radius
with vertical distance. This jet region appea;ed to encompass ffom 1/4
to 1/3 of the total rise height. The dense vertical plume appears to
re-entrain some of the falling dense fluid, so that the flux of negative
buoyancy increases with distance, rather than being constant. The point

of maximum rise of the plume correlates as
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2.96 FR’ where
| (4)
po= ¥
Vb, p,)ed,
where do is stack diameter, LS is exit velocity, and Py is exit
density.

Plumes injected vertically into a crosswind initially lofted to
some maximum height, subsequently descended to the ground, impacted with
nearly a circular cross-sectional configuration, but then spread
laterally as they disperseé downwind (Figure 1). Hoot and Meroney tuned
an integral equation analytical plume theory with wind—tunnél experi=-
ments to estimate downwind surface concentrations. The components of
the analysis required one to first estimate plume rise, Ah, as

Ah 2/3 2/3 ®) , (5)

=— = 1.32 (86)

) (F

RH

where SG = p /p

FRH =vu/JgZSG-1.Q$d0 ; and

downwind distance to maximum plume rise, X, as

= (56) (Fpy)® (R) . | (6)

Ao

o)

Touchdown distance, Xpps May be evaluated from

_ B\, , (a0 . (an) |2
x’I‘D-X do do do
= 0.56 F

. )
d R RH "

Symbols are defined in Figure 1.



Note that as u = 0, Fp, > 0, x >0, Ah >0 and Xp/hg * 3 Fpy-

The constant, 3, compares well to the value 4.5 proposed by Briggs based

on Bodurtha's visualization experiments.

At touchdown the surface concentrations, CTD’ are of the order
Cppud, 2 28h+h_
KC=_—Q"——':3.10 -"-2—&';——— -2 (8)

Concentrations decrease from their touchdown values at a negative 0.65
power of distance, x, until the curve intercepts the -1.7 slope behavior
of a ground source as shown in Figure 1.

Kothari and Meroney examined the behavior of a dense plume emitted
from a 1:200 'scale model of the National Transonic Facility exhaust
stack at NASA, Langley. In this case the dense gases not only descended
but interacted with local buildings as shown in Figure 2. Nonetheless,
measurements made with and without buildings present suggested only
second-order aerodynamic effects so results are compared to the predic-
tive relations suggested by Hoot and Meroney in Table 1. The results
are nearly equivalent except for the plume trajectory for the case of
1.8 m/sec wind and exhaust velocity of 23 m/sec. Streamline deflection

by the NTF building is the likely explanation for this deviation.

5.0 SURFACE EMISSIONS OF DENSE GASES

A pumber of laboratory experiments have been performed to evaluate
the influence of plume density on ground-level gaseous plume dispersion.
Sakagami and Kato (1968) measured diffusion and vapor rise from a small
5 X 10 cm LNG well in the floor of a 50 x 50 cm cross section x 200 cm
length wind tunnel. They confirmed a tendency for the gas to remain

concentrated at ground level. Boyle and Kneebone (1972) released LNG on
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water, precooled methane, and propane in a specially built 1.5 x 1.2 m
cross section by 5 m long asbestos-wall wind tunnel. No attempt was
made to scale the atmospheric surface layer velocity profile or turbu-
lence. They concluded room-temperature propane simulated a LNG spill
quite well, but the pre-cooled methane runs lofted suggesting to the
authors incorrect release temperature or exaggerated heat transfer from

the ground surface.

5.1 Point and Area Sources of Dense Gases
. Hoot and Meroney, Hall et al., and Meroney et al., have considered
the behavior of continuous ground-level point sources of heavy gases in

wind tunnels.15’23’24’25

The principle characteristic of such plumes is
their very wide, shallow nature. In gene}al, the plume size reduces
rapidly with increasing wind speed, but it still retains a low, flat
form with significant upwind and lateral travel. At higher wind speeds
the plume upper boundary becomes more turbulent and unsteady, resulting
in rapid vertical growth as local Richardson numbers decrease. Visuali-
zation tests performed over a simple ground-level area source revealed
that the plumes upwind spread, ‘LU’ and lateral spread at source center,
LH , correlate with the buoyancy length scale, £b = Qg(SG-l)/uB, for a
wige range of source and shear flow conditions.25 Britter reported
similar results for dense salt plumes emitted in a water flume and
liquified natural gas (LNG) plumes developing downwind of sea spills.22
Specific gravity ratios considered ranged from 1.0 to 4.2 and lateral
scales from 1.0 to 500 meters.

Along the plume centerline gas concentrations fall off rapidly with
increasing windspeed. Although density differences were observed to

have a significant effect on downstream diffusion pattern the effect on
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centerline concentrations appear primarily multiplicative. Hoot and
Meroney studied point source ground releases in both neutral and stably

15 They found that varying

stratified turbulent boundary layers.
specific grévity of the source gas from 1.0 to 3.0 increased maximum
ground concentrations by no more than 409 while decay rates of concen-

tration with distance remained the same.

5.2 Volume Sources and Short-Term Releases of Dense Gases

Short-term or instantaneous releases of dense gas may occur during
explosions or boiloff of gases from limited spills of liquified gases
such as ammonia or LNG. Meroney et al., released carbon dioxide in a
1:106 scale model simulation of test 044 from the Capistrano land spill

field test series supported by the American Gas Association.27

This
test involved a spill of ING into a 24.4 m diameter area surrounded by
a 46 cm high dike. Figure 4 compares concentration sensor response at
equivalent locations from the model and field measurements. The wind-
tunnel simulation did not reproduce the large and intermittent concen-
tration peaks at late times as observed in the field; however, it is
believed that these perturbations may be due to gustiness, changes in
wind direction, and cracking of the field test dike floor which produced
spikes in the late boiloff rate.

Hall has compared data from short time releases of BCF gas in a
wind-tunnel shear layer with Trial 33 from the Porton Field releases of

freon mixtures.34’28

Situations from the two sets of data existed which
had equal modified Froude numbers. The scale of the model test was
1:34.2 based on the volume of gas released. Wind speeds were determined

at a scaled reference height. As noted in Figure 5, the level of agree-

ment between wind-tunnel model and field trial seems good. The peak
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concentrations, the form of concentration distribution with time, and
the plume arrival and departure times all match quite well when one
considers that these field tests are separate realizations from some
probability distribution about an ensemble behavior. Hall has also
prepared figures based on laboratory experience which predict downwind
hazard limits for propane or butane escape.24

During a 5 cubic meter LNG spill series onto a water basin at the
Naval Weapons Center at China Lake, California, concentrations were
measured at up to eight locations ‘downwind.29 Meroney and Neff repli-
cated the meteorological, topography, and spill conditions to a scale of

1:85 for the four field tests.30

Correlation of results ranged from
poor to very good, prqbably because fluctuation present during the field
tests were as large as % 50° in wind direction and * 1.8 m/s in wind
speed. During field test ING-21 wind conditions were more stationary,
and Figure 6 displays good agreement between laboratory and field
measured peak concentratiomns.

A sudden release of a volume of dense gas near the ground is
characterized by a slumping of the volume to@ard the ground followed by
a radial expansion preceeded by a gravity current head. Wind-tunnel
model experiments with releases of dense gas volumes of 50 cm3 repro-
duced dense plume behavior previously seen in field experiments at
scales up to 350 times greater.31 Lohmeyer et al., used a special source
volume generator to quickly release measured volumes of Freon-12 gas
(specific gravity = 4.17) at a wind-tunnel floor (Figure 7). A fast
response katherometer system measured time dependent concentration
variation. Measurements were compared with a modified version of the

32

generalized box model for dense gases proposed by Fay. In a calm
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environment the radial variation of plume dilution, ¥

1/3
initial’

e e ¥, versus
1n1tlal/ ’

dimensionless radius, R* = R/¥ is shown in Figure 8. These
measurements support the notion that the radial spreading speed is
independent of dilution and directly proportional to the local excess

hydroelastic head within the cloud, i.e.,

dr/dt = a(g'H)H/? (9)

where o .is equal to unity and that the entrainment velocities at the
surface of the cloud are also proportional to excess hydrostatic head,
i.e.,

u, =c, (g’H)l/2 and u =c, (g'H)l/2 (10)

and c
r

1

c_ ~ 0.10.
z—

These measurements agree with those discussed by Simpson and Brittér and
Germeles and Drake.33’3€

Wind shear superimposed over volume releases of dense gas initiaily
displace higher concentrations further downwind with increasing wind
speed. As shear flow mixing increases it begins to dominate over
inertial/buoyancy entrainment mechanisms, hence at very high velocities
the maximum peak concentrations retreat back toward the source. As
velocities increase further the gravity dominated portion of the plume
lifetime decreases until dispersion is essentially passive. Most of the
data taken by Hall was for high wind speed or low modified Froude number
conditions.24 Figure 9 indicates that plume concentrations decay with
time to a power of -3. Also shown are predictive lines for instanta-
neous point and finite width sources from Lagrangian similarity theory
proposed by Yang and Meroney.3$ A ground-level neutrally buoyant point

source will decay as
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¥ 2-3

T =0.298 t where (11)
max

% -t _ tu
R.l/2 V.1/3 ,

i i
and a line source of width dimension equal to 2 Vil/S will decay as

Vi ~.2 ~

T = (0.55/t)° [erf (U.483/tL)] . (12)
max

Although some of Hall's releases were extended over considerable time

all data assymptotically approaches the passive gas dispersion theorv.

5.3 Dense Fold Gases Versus Dense Isothermal Gases

Exact Qariation of the density ratio for the entire life of a model
plume is difficult to simulate for plumes which simultaneously vary in
molecular weight and temperature. To emphasize this point more clearly,
consider the mixing of two volumes of gas, one being the source gas,

Vs’ the other being ambient air, Va. Consideration of the conservation

wle

-of mass and energy for this system yields"

p
p, 'S a
T C MS C M

a s
T x'ls Y, C M Vs * va T ¥t Va
s p, a p,a s

N'D IOO-O
1

If the temperature of the air, Ta’ equals the temperature of the source
gases, Ts’ or if the product of the specific heat capacity and mclecular
weight, CPM, is equal for both source gas and air then the equation

reduces to:

¥
The pertinent assumption in this derivation is that the gases are ideal
and properties are constant. »
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pS
=y +¥
P, s a

i W
P VS+V3

a
Thus for two prototype cases: 1) an isothermal plume and 2) a thermal
plume which is composed mostly of air, it does not matter how one pro-
duces the model density ratio as long as the initial density ratio value
is equal for both model and prototype.

For a plume whose temperature, molecular weight, and specific heat
are all different from that of the ambient air, i.e., a cold natural gas
plume, equality in the variation of the density ratio upon mixing must
be relaxed slightly if one is to model utilizing a gas different from
that of the prototype. In most situations this deviation from exact
similarity is very small.

Scaling of the effects of heat transfer by conduction, convection,
radiation, or latent heat release from entrained water vapor cannot be
reproduced when the model source gas and environment are isothermal.
Fortunately in a large majority of industrial plumes the effects of heat
transfer by conduction, convection, and radiation from the environment
are small enough that the plume buoyancy essentially remains unchanged.
The influence of latent heat release by moisture upon the plume's
buoyancy is a function of the quantity of water vapor present in the
plume and the humidity of the ambient atmosphere. Such phase change
effects on plume buoyancy can be very pronounced in some prototype
situations. Humidity effects afe expected to reduce the extent in space
and time of plume buoyancy dominance on plume motion. ﬁence a dry

adiabatic model condition should be conservative.
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The influence of heat transfer on cold dense gas dispersion due to
cryogenic liquid spills can be divided into two phases. First, the
temperature (and hence specific gravity) of the plume at exit from a
containment tank on dike is dependent on the thermal diffusivity of the
tank-dike-spill surface materials, the volume of the tank-dike struc-
ture, the actual boiloff rate, and details of the spill surface
geometry. A second plume phase involves the heat transfer from the
ground surface beyond the spill area which lowers plume density.

‘It s tempting to try to simulate the entire transient spill
phenomenon in the laboratory including spill of cryogenic fluid into the
dike, heat transfer from the tank and dike materials to the cryogenic
fluid, phase change of the liquid and subsequent dispersal of cold gaé
downwind. Unfortunately, the different scaling laws for the conduction
and convection suggest that markedly different time scales occur for the

. ~various component processes as the scale changes. Since the volume of

A

" dike material storing sensible heat scales versus the cube of the length
scale whereas the pertinent surface area scales as the square of the
length scale one perceives that heat is transferred to a model cold
plume much too rapidly within the model containment structures. This
effect is apparently unavoidable since a material having a thermal
diffusivity low enough to compensate for this effect does not appear to
exist. When calculations for the full-scale situation suggest minimal
heating of a cold gas plume by the tank-dike structure it may suffice to
cool the model tank-dike walls to reduce the heat transfer to a cold
model vapor and study the resultant cold plume.

Boyle and Kneebone released under equivalent conditions room

temperature propane and LNG onto a water surface. The density of
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propane at ambieﬁt temperatures and methane at -161°C relative to air
are the same.18 Using the modified Froude number as a model law they
concluded dispersion characteristics were equivalent within experimental
error.

A mixture of 50% helium and 50% nitrogen pre-cooled to 115°K was
released from model tank-dike systems by Meroney et al., to simulate
equivalent ING spill behavior.27 There was no guarantee that these
experiments reproduced quaqtitatively similar situations in the field.
Rather it was expectea the gross influences of different heat trans%er
conditions could be determined. Since the turbulence characteristics of
the flow are dominated by roughness, upstream wind profile shape, and
stratification one expects the Stanton number in the field will equal
that in the model, and heat transfer rates in the two cases should be in
proper relation to plume entrainment rates. On the other hand, if
temperature differences are such that free convection heat transfer
.conditions dominate, scaling inequalities may exist; nonetheless, model
dispersion rates would be conservative.

Visualization experiments performed with equivalent dense
isothermal and dense cold plumes revealed no apparent change in plume
geometry. Concentration data followed similar trends in both situa-
tions. No significant differentiation appeared between insulated versus
heat conducting ground surfaces or neutral versus stratified approach

flows.

5.4 Dense Gas Plume Interaction with Surface Features and Buildings
Measurements of dense gas dispersion downwind of isolated releases
have resulted in the development of many predictive models. The varia-

tion of such predictions is significant in assessing credibility of
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potential hazards, yet this dncertainty may well increase when the
perturbations of building or structural aerodynamics is considcred.37

Dense plumes emitted from short stacks rising above cubical model
buildings were found to avoid significant entrainment or wake effects
when ejection velocities were greater than wind speed at stack height

and stack height exceeded twice the building height.15

A criteria
appropriate to assure that the dense plume does not fall back into the
recirculating cavity region would be ;(/d0 >3 hb/do.

Model tests have been conducted to evaluate the rate of dispersion
and extent of downwind hazards associated with the rupture of 1é}ge LNG

storage tanks.27

Tank facilities considered include a Low Dike config-
uration (73 m diameter, 39 m tank surrounded by a 6.6 m dike 93 m by 100
m in area) and a High Dike configuration (73 m diameter, 39 m tank
surrounded by a concentric 81 m diameter dike 24 m tall). Dense plumes
‘fell rapidly down over the dike walls to the ground and proceeded down-
Qind in an unduléting wave-like motion until the atmospheric turbulence
started to penetrate and produce increased vertical dispersion. Figures
10 and 11 give an artist representation of these flows for the High Dike
and Low Dike at 45°.

For the same dike geometry the rate of initial pluﬁe spread in the
lateral directions varied directly with boiloff rate and inversely with
wind speed. That is, to maintain approximately the same rate of spread
with an increased boiquf, the wind speed would have to be increased and
vice versa. At low wind speeds and high boiloff rates the gravity
spread rate increases to a point where the plume would spread out to the

walls of the tunnel and then crawl upwind of the dike complex in a front

perpendicular to the wind direction. With stable stratification the
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plume would spread out on the ground and migrate quite far upwind (300
meters) for the higher boiloff rates and low wind speeds. This upwind
movement was present to some extent for the lower boiloffs and higher
wind speeds.

The observed effects of the wake and cavity regions generated by
the aerodypamics of the tank and dike structure varied with tank and
dike geometry, wind speed, and stratification. For the Low Dike and
Tank complex the effect of increased plume dispersion due to turbulence
in its wake was insignificant. The only aerodynamic effect noticeable
for this structure was that of a standing plume in the cavit& regions of
the tank and dike. For the High Dike and Tank the effect of increased
plume dispersion due to turbulence in its wake was most significant.
Strong vortices which formed near the ground on each side of dike struc-
ture would entrain a large amount of the plume and transport it down-
wind. This effect would give the plume a bifurcated form on the ground
with what appears to be maximum concentrations traveling downwind at a
separation distance slightly greater than that of the dike diameter.
Another vortex was generated on the tank tbp and traveled slightly
upward in the downwind direction. This vortex appeared to act as a vent
to the standing plume in the cavity region.

Concentration measurements were obtained for as many as 50
different sample points distributed over an equivalent ground zone of
100 to 2000 meters long by 250 meters wind and in the vertical over a
height of 0 to 120 meters. A series of vertical profiles revealed the
shallow layer character of a dense gas plume. Ground-level contour
plots of.percent methane confirmed the presence of a bifurcated plume

as suggested by the visualization photographs.
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Even in the presence of the tank/dike wakes the decay of maximum
downwind concentrations fell only slightly below values predicted by the
Battelle Columbus Laboratories (BCL) correlation, which represents an
upper bound of all concentration resulting from confined LNG 1énd spills
during the AGA phase II program, i.e.,

X uL? -2

—aq ~ 130 (f) . (13)
where L is same characteristic length scale, Q is a maximum
volumetric release rate, and u is the wind speed at'an elevation of
10 m.

Dirkmaat studied the effect of a 50 m long, 21 m wide, 17.5 m
obstacle placed at various locations near a modeled sudden guillotine
fractive of an LPG pipeline.38 A release of 1000 kg/sec of LPG dﬁring
6 minutes was simulated. On the average the plume spread in streamwise
diréction and the maximum contour areas tended to decrease compared to
the undisturbed situation. Although the cloud contours were capri-
ciously affected by the obstacle, the overall effect on cloud dimensions
was not dramatic. Little could be said however, about more coﬁplicated
obstacle arrangements.

Terrain undulations can act to accelerate or depress dense gas
dispersion. Hall and Meroney et al., both report extensive uﬁwind motion

23,27

for dense gases released on modest ground slope. The presence of

upwind obstacles tends to lessen the effects of ground slope when sur-

face layer turbulence is enhanced.27

Studies of simulated spills of
6 cubic meter LNG volumes on a pond suggest that slight hill slopes
(1:10) can detour dense plumes and reduce longitudinal distances to the -
lower flammability limit. Shallow valleys or gorges channel the plume

and sustain high concentrations.25
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6.0 CONCLUSIONS

Wind tunnels have simulated a wide range of conditioﬁs associated
with dense gas transport and dispersion. Scaling criteria suggest that
existing facilities can simulate a wide range of release situations.
Measurements of dense fluid behavior in both air and water facilities
appear reproducible and consistent. Jdealized release configurations
appear optimal for testing and tuning numerical or analytical models.
Wind tunnels are primarily limited by operational constraints associated
with the necessary low wind speeds and low Reynolds numbers. Further
effort is needed to quantify fully the effects of nonadiabatic heat

transfer and humidity on cold plume model behavior.
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Table 1. Comparison of NTF Model Plume Characteristics with that Predicted by Hoot and Meroney (1974).

. Downwind Distance Touchdown Distance Plume
to Maximum Plume of Rise
Rise, x Plume Center, Ah Kc(maximum)
(u) Meters xTD’ Meters Meters
(wo) - m/s
m/s @ 10 m Height Calculated Experimental Calculated Experimental ° Calculated Experimental Calculated Experimental
23 . L8 32 65 156 240 45 46 0.26 -
23 . 2.7 49 45 255 250 39 41 0.32 -
23 22 -- -- -- -- R . - 0.80 0.46*
46 1.8 63 70 255 325 89 75 0.09 --
46 2.7 98 90 410 T 330 77 70 0.11 -

9z

*Wind direction = 180° and maximum measured value with NTF complex
All other experimental data are for wind direction = 0°
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Figure 1. Dispersion of Dense Plumes from Short Stacks, Hoot and

Meroney (1974).
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Figure 2.

U=2.7 m/s

Behavior of a Cold Dense Gas Plume
Emitted from the Model National
Transonic Facility Exhause Stack,
Model Scale 200:1, Kothari and
Meroney (1979).

S.G. = 2.0, ws = 23 m/s.
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Figure 4. Comparison of Wind Tunnel and Field Data for the Capistrano

044 LNG Land Spill Experiments, Meroney et al. (1977): Wind
Speed 5.4 m/s, Stability Category D-C, Wind Tunnel Scale

Ratio 106:1.
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Figure 5. Comparison of Wind Tunnel and Field Data for the Porton Field
Test Trial No. 33: Wind Speed 1.0 m/s, Source Gas Specific
Gravity = 2.2, Stability Category B-C; Wind-Tunnel Scale
34.2:1.
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Figure 6. Comparison of Wind Tunnel and Field Data for the Six Cubic Meter ING Spill Test No. LNG-21
at China Lake Naval Weapons Test Center, Neff and Meroney (1979): Wind Speed 4.9 m/s,
Stability Category C; Wind-Tunnel Scale Ratio 85:1.
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Figure 7. Experimental Configuration for Release of Instantaneous
Volume Sources of Dense Gas, Lohmeyer et al. (1980).
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Figure 9. Assymptotic Dilution of Short-Term Releases of Dense Gases:
Comparison of Lagrangian Similarity Solution for Passive
Sources, Yang and Meroney (1973) with Dense Gas Tests,
Hall (1979).
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Figure 11.

Dense Plume Behavior Downwind of a Low Dike/Tank Model.
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