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Summary

Atmospheric turbulence may cause only weak dispersive effects compared to the turbulence gener-
ated by buildings, obstacles, and terrain. Yet the magnitude of the perturbed flow will in turn depend
upon the incident flow turbulence scale and intensity, details of the obstacle shape and surface rough-
ness, and the size of the obstacle compared to the boundary layer depth. Hence, the size and character
of a dispersion plume frequently depends upon the shape and intensity of motion within separated flow
regions about the obstacle and the stationarity or unsteadiness of these secondary flow fields. The dif-
fusive character of a gas plume released in such situations can be described in terms of its mean concen-
tration profile, the rate of decay of maximum concentrations, the growth in profile width or depth
scales, and its statistical variability.
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1. INTRODUCTION

The concentration field produced by a source located in the viecinity of a
surface-mounted bluff body can be significantly modified from that predicted by
conventional diffusion formulae. Such formulae contain the implicit assumptions
that the flow field has straight parallel streamlines, modest velocity gradients,
and distributions of turbulent energy and length scales which remain unchanged
over long distances. Near buildings the flow field becomes highly complex.
Curved streamlines, velocity discontinuities, and non-homogeneous turbulence
disperse effluents in a complicated manner related to source configuration and
body geometry.

This paper reviews recent wisdom concerning which features of bluff body
flow control scalar transport (Section 2), summarizes field and laboratory data
that include measurements of concentration near bluff bodies (Section 3),
critiques analytic models that predict dispersion near bluff bodies (Section 4),
and reports how bluff bodies can sometimes mitigate gaseous hazards (Sections 5
and 6).
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2. DISPERSION RELATED ASPECTS OF BOUNDARY LAYER FLOWS
OVER BLUFF BODIES

A number of authors have discussed flow about simple surface-mounted
obstacles. Extensive reviews about such flow fields and/or the subsequent
character of diffusion near obstacles have been prepared by Jensen (1954), van
Eimern et al. (1964), Lemberg (1973), Meroney (1982), Hosker (1984), and Taylor
(1988). The description of the flow near bluff bodies is primarily based upon
laboratory observations of smoke patterns, neutrally-buoyant bubble-streak
photographs, and oil-film analysis. Most of such data have been obtained in low
speed aerodynamic or metecrological wind or water tunnels. Recently numerical
models have also contributed to the understanding of dispersion near two- and
three-dimensional bluff bodies (Ukeguchi et al., 1975; Mauermayer, 1979; Gross,
1987; Murakami et al., 1987)

2.1 Flow Structure About Sharp-edged Rectangular Bluff Bodies

Typically, when the approach shear flow is normal to a rectangular obstacle,
the flow separates from the ground upwind of the structure and produces a
"horse-shoe" shaped vortex which wraps around the base of the body. The surface
streamline reattaches on the front of the obstacle, and the fluid parcels move up
and down the forward face. An elevated streamline flows over the cbstacle, dips
down behind, and stagnates on the surface at the end of the recirculating cavity
immediately downwind of the obstacle. Sometimes separation streamlines from the
forward edges reattach to a downwind face.

At one time the cavity region was considered a closed recirculation zone
bounded by the separation streamlines rising from the upwind edges of a bluff
body. Pollutant gases could only entrain in or out of this region by turbulent
transport across the surrounding shear layer. For finite width buildings it is
now generally accepted that the streamline bounding the cavity is not the
separation streamline. Hence, gases which enter the cavity depart through
turbulent mixing across the dividing streamlines, mingle with downwind pointing
vortices and are ejected laterally out of the cavity, or leave suddenly during an
exhalation when the entire cavity appears to collapse and reform.

Nonetheless, the separation streamlines play an important role in defining
the initial transport of pollutants released near a bluff body. Effluent
released from surface vents at mid-height or below on the windward face of an
object will be carried downward to ground level and around the building sides.
Vents releases on the front half of the windward side and other faces of the
object will enter the cavity and wake region. If the along-wind dimensions of
the body are large, the edge-separated flow will reattach to the roof and sides
and transport the gases closer to the body. Flow with reattachment to the body
sides or roof will reseparate at the lee edge of the body.

When a rectangular obstacle is oriented obliquely to the air stream, flow
over the front side walls does not separate, but strong recirculation occurs on
the downwind faces. Flow over the roof often produces counter-rotating
"delta-wing" vortices which increase mixing over the top and in the wake of the
body. These vortices can cause reattachment of the flow in the middle of the
roof and high downwash in the near wake. This downwash may produce an increase
in ground-level concentrations from sources released above ground. Other
features of the flow near the building include vertical vortices produced by the
vertical corners of the structure. Measurements of recirculating region
characteristics at Reynolds numbers of 5000 and upwards show no significant
differences in fluid residence time or recirculation region length.

2.2 Flow Structure About Curved or Cylindrical Bluff Bodies

Flow around a smoothly curved obstacle is generally strongly Reynolds number
dependent. Separation often depends upon upwind and downwind curvatures, surface



23

roughness, incident turbulence, and atmospheric stability. This dependence
reflects changes in the nature of the boundary layers that form over the curved
surface. A number of studies report flow measurements about ground-mounted
obstacles -- cylinders, hemispheres, spheres, cones, and cone frustrums. All
studies report the presence of a horseshoe vortex on the ground, elevated vortex
pairs due to the bending over at roof level of the spiral vortices generated
behind the sides of the bodies, and other qualitative features similar to those
observed in high speed turbulence flow over sharp edged bodies. Only the flow
details for curved obstacles seem to depend on Reynolds number. Diffusion
downwind or over such curved obstacles reflect the changes in flow field produced
by the perturbation and non-stationarity of separation streamlines.

2.3 Stratification Effects on Dispersion Near Bluff Bodies

Stratification does not affect flow and dispersion in the near vicinity of
sharp edged objects very strongly (Meroney and Yang, 1970; Hatcher and Meroney,
1977). Examination of some 242 field releases near nuclear reactors produced no
conclusive evidence of an effect of stability on concentrations (Ramsdell, 1988).
However, a multi-linear regression performed over the data sets considered by
Ramsdell did suggest a modest increase in concentration with more stable flows.
The stratification effects evident in the laboratory and field concentrations
measured around the Rancho Seco Nuclear Power Station, USA, performed by Start et
al. (1978) and Allwine et al. (1980) were primarily produced by strong
direction meandering and not by any apparent change in transport about the
buildings.

Stratification has been found to strongly affect dispersion over terrain.
Wide obstructions may cause partial blocking of the approach flow and create a
stagnant region of high pollution. Lee-wave induced separation may bring plumes
near the ground. Tall hills may induce a dividing streamline below which flow
goes around the sides of an obstacle rather than over it. Moderately stratified
flows may supress separation on the lee side of a hill (Hunt, Snyder, and Lawson,
1978).

3. BLUFF-BODY-WAKE DIFFUSION DATA

Many measurements have been made of the behavior of gas plumes in the
viecinity of bluff bodies. Indeed, sometimes the diffusion data were used to
infer the fluid motions about the body in cases where direct velocity
measurements were difficult. Frequently measurements in the laboratory are for
dispersion about simple geometries, such as fences, cubes, rectangular blocks,
cylinders, spheres, hemispheres, cones, etc. Other laboratory measurements were
made over geometrically scaled building complexes to permit hazard evaluation or
evaluate environmental impact of smoke plumes or process emissions (unfortunately
these data are often proprietary). But in a few situations both field and
laboratory measurements were made around the same bluff body arrangement.

3.1 Character of the Field and Laboratory Experiments

Table 1 summarizes some of the better docmumented cases known to the author
that are also available in the open literature. Table 1 reveals that sources
were placed at ground level, roof height and on short stacks, and that receptor
locations were well distributed from the body surface out to the far wake.
Experiments include cases for both neutrally bucyant and heavy gas releases, for
a wide range of wind speeds , and for all atmospheric stratification conditions.

3.2 Trends Observed in the Dispersion Data
The additional turbulence produced by bluff-body separation and wake regions

enhances entrainment into a pollutant cloud; thus, concentrations are generally
less downwind of an obstacle, and effluents spread quickly over a width and
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height associated with the bluff body dimensiona. The additional entrainment
associated with the wake region often persists out to 20 to 40 obstacle lengths
downwind (characteristic body length should be lessor of height or width), but
the concentrations generally asymptote to values found without the obstacle
present after 50 obstacle lengths.

The paths gas parcels may follow moving from a source on a body to a
receptor on or nearby the body are so varied that an accepted approach is to
determine the minimum dilution likely to occur rather than absolute
concentrations. Sagendorf et al. (1980) used such an approach while evaluating
the EOCR and Rancho Seco Nuclear Station field data. Li and Meroney (1983a,
1983b) extended earlier work by Halitsky (1974) and Wilson and Netterville (1976)
to bodies oriented obliquely to the wind.

Ramsdell (1988) recently reviewed seven of the listed data sets (marked with
* in table) to determine characteristics of near-field cloud dilution for nuclear
station control room habitability. As expected he found that concentrations
decayed with downwind distance, but he detected only weak stratification effects,
and, surprisingly, the normalized concentrations measured increased with wind
speed|

Meroney et al. (1988) examined 13 experiments of the dispersion of dense
gases near fences, water spray curtains, tanks, and buildings (marked with + in
Table 1). They found that gas clouds were diluted by factors ranging from 2 to
10, that only small changes occurred in cloud arrival, peak concentration
arrival, and departure times at most near and far positions in the obstacle wake,
and excess dilution did not persist beyond about 50 characteristic body lengths.

4, EMPIRICAL, ANALYTICAL AND NUMERICAL MODELS FOR
DISPERSION NEAR BLUFF BODIES

Analysis of bluff-body-wake diffusion data has been historically directed
toward some modification of the Gaussian plume diffusion model to include the
flow perturbations introduced by the obstacle. Such an approach implicitly
assumes that all concentrations should vary directly with source strength,
inversely with flow velocity, and inversely as the square of scme characteristic
body dimension. The most common form of the Gaussian diffusion equation is:

C/Q = F(y) F(z)/(pi U sigysigz),

where C/Q = normalized concentrations,
sigy, sigz = lateral and vertical diffusion coefficients,

U = mean wind speed, and
F(y), F(z) = exponential terms that adjust for off-axis distributions.

The Gaussian model has been modified in several ways to account for initial
dilution in the cavity region, enhanced mixing in the wake, and adjustment for
the effective height of an elevated plume. Most models add a term that includes
the projected area of the building or adjust the diffusion coefficients so that
they have minimum values that are related to building dimensions. Gifford (1960)
proposed an enhanced dispersion model based on additional dilution of effluent
proportional te building cross-sectional area, A, i.e.:

c/Q = 1/((pi s:i.gy sig, + cd) U),
where ¢ is a wake constant between 0.5 and 2. Halitsky (1975), Yansky et al.
(1966) and Gifford (1968) have also proposed dilution models which retain a
Gaussian distribution at the lee end of the cavity. Huber and Snyder (1976)
recommended a model for enhanced dispersion based on the decay of
turbulent-intensity excess in the building wake and on characteristic building
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length scales. Huber (1977, 1988) also suggested a wake model based on Gifford's
meandering plume model. Measurements made downwind of typical building complexes
do not seem to justify any degree of numerical complexity (Hatcher and Meroney,
1977).

An alternative simple approach is that provided by a virtual source
displaced by a distance x_ upwind from, and a distance z_ above the actual
release point (Robins, 19755 Barker, 1982). Measurements provided by Robins
(1975) permit one to estimate upper or lower bounds on the surface concentrations
(See Table 11.2; Meroney, 1982)

A method suitable to interpolate between the cases of aerodynamic downwash
and full cavity entrainment situations has been developed by the author based on
the ideas proposed by Wilson (1976). First, one calculates the K_ versus
x/sqrt(A) distribution based on Giffords relation above; then, one pr'ey?ares the
extremum-ratio as follows:

K 6.25
2:3 . exp (- 5 ) .
K 2(sigz /A + 1/pi)

where K equals K for he/h = 2.5. Finally, one calculates the desired
concentr%t?on coefficient for t,%e actual effective stack height as:

2
2.5 -
K = K 2.5 I
K

e 2.5
[o]

producing the curves shown in Figure 1.

The US Nuclear Regulatory commission currently uses a set of equations based
on the work of Murphy and Campe (1974). This method was intended to provide an
upper bound to concentrations resulting from bluff-body perturbation. Ramsdell
(1988) has shown these relations do not display much skill in predicting maximum
concentrations (account for less than 20% of variability) and underpredict
concentrations (25% of the time). Ramsdell (1988) performed a multiple linear
regression on fleld data and produced a composite model which explains about 60%
of the variance in ground-level concentration data:

c/Q = 1/(F0 + F‘w + Fp)

where Fo = the volumetric flow at the release point,
Fp = (pi U sigy 31gz).
Fw = 100 X—1.2 A'1'2 UD.68 50.5’

S is stratification (Turner number), A is projected bluff-body areas, and U is
the wind speed at 10 m. The linear regression expression for F_is limited to
diffusion in the wakes of objects with projected areas less than 2000 m°“,
downwind distances less than 20 times the square-root of the projected body area,
and bodies with height to width ratios between 0.4 to 1.1. Ramsdell recommends
using a modified Split-H procedure to account for the effects of an elevated
release. The Split-H procedure assumes that the release is distributed
proportionately between an elevated release and one at ground level. Hence,

C/Q = M (C/Q) + (1 - M) (C/Q)

entr elev?

where M is the fraction of the time the plume is entrained in the building wake.
The fraction M is determed from the ratio of the effluent vertical veloecity, Wo)
to the release height wind speed, Ur, according to:
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1 Wo/Ur < 1.0

M= 2.58 - 1.58(Wo/Ur) 1.0 <= Wo/Ur < 1.5
0.30 - 0.06(Wo/Ur) 1.5 {= Wo/Ur { 5.0
0 Wo/Ur »= 5.0

These models are limited to predictions of mean concentrations averaged over
times greater than 20 minutes; they are not appropriate for predicting surface
concentrations on the body next to the source; and the increase in C/Q with wind
speed predicted by Ramsdell (1988) does not agree with physical intuition.

5.0 FLUCTUATING CONCENTRATIONS NEAR BLUFF BODIES

Many situations involving odorants or flammable and toxic gases require
estimates of concentration variability near buildings and other obstacles.
Re-entry of furnace effluents, smoke, air-conditioning exhausts or chemical hood
exhausts into occupied buildings often results in complaints of stench and odor.
High concentrations of toxic or flammable gases in the near wake of a building
result from the intermittent or non-stationary character of the flow field which
develops around obstacles immersed in turbulent shear layers.

Wilson (1976, 1977) and Netterville (1980) examined fluctuating
concentrations of plumes released near a variety of rectangular obstacle shapes.
Li and Meroney (1983b) considered the statistical characteristics of plumes
dispersing near a cubical obstacle. Subsequently, Meroney (1985) suggested
semi-empirical procedures for estimating intermittent odor hazards based on such
wind-tunnel measurements. Wilson, Robins, and Fackrell (1982) have proposed
numerical models to solve transport equations for concentration standard
deviation or other properties of the concentration probability distributions.
There appear to be no fast response concentration data from field experiments
available to verify or extend these concepts.

6. HAZARD MITIGATION USING BLUFF BODY INDUCED ENTRAINMENT

A survey of the hazards associated with the release of chemicals during
storage, transport or process operations reveals that the greatest uncertainty in
risk estimates are associated with the initial source configuration (Crum, 1986).
The most likely accidents will occur under complex flow situations, where gases
must diffuse over and among many bluff-body obstacles. Very little field data
exists to evaluate these situations, and most analytic or numerical methods used
by major chemical companies remain unverified.

Hosker and Pendergrass (1986) reviewed field and laboratory data about
dispersion near clusters of buildings. Plate and Bachlin (1987) made
measurements of plume dispersion within a model of a generic chemical complex,
and Petersen (1987) measured relative rates of dispersion in different fields of
homogeneous roughness, tank farms, and a generic chemical complex. Large
building compexes are found to increase the relative roughness of the surface and
the associated entrainment rates, but they also permit channeling and trapping of
the gas cloud within the roughness and building elements.

Merconey et al. (1988) calibrated a simple section-averaged dispersion model
for dense gas dispersion using cases from thirteen sets of field and laboratory
data for dispersion over bluff-body elements. The model accounts for water-spray
and vapor barrier dilution and water-spray removal of a some fraction of a gas
plume. Subsequent calculations with the model predict that a) dilution with
water spray curtains increases at lower wind speeds, b) dilution downwind of
fences is only slightly dependent upon wind speed, ¢) increased depth averaged
velocities downwind of sprays and fences results in shorter arrival times in the
far wake, d) perturbations in concentrations produced by dilution alone do not
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persist beyond about 50 length scales downwind, and e) removal of cloud mass
results in a persistent downwind reduction in concentration.

Unfortunately, these data have not led to any universally applicable rules
for predicting plume transport among groups of obstacles. Indeed, if one also
includes the variabilities associated with different obstacle geometries, release
from pressurized storage, ground level versus elevated exhaust, and two-phase gzas
streams during the calculation of gas cloud or plume miXing, it is evident a
great deal of work remains to be accomplished.
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Fig. 1. Centerline ground level concentrations downwind of a
typical isolated building. Extracted from Meroney
(1982), "Turbulent Diffusion Near Buildings,"
Engineering Meteorology, (E. Plate, editor),
Elsevier Pub. Co., pp. 481-525.

1978, "Interaction of a Roof-Level Plume

1982, "Predicting the Spatial

1966, "Climatology of the



31

6%

A

sasea)ay spoldad (W)

0z

€L

68

ce

e

sl

8y

4

L2

s
&

92
0L's 000L"00S

g

14

62

Z
<l

(w)
40 "oN 2sE213Y YIPLM JyBlay eauy

0084
134)
0gl

0s02

0601

599

(2w

uolyean] Jojdasay

X

XX

XK

XX

X

A

ajep ayep Apog

XX

xX

XX

XX

XX

Jey Jeap

y5'et 2’|

XX 8L

XX 2tg9'stgR’L

XX g9'5BL'Y

XX 0£'g2’ L
|

XX 9032
L

C0B6L) T1® 3@ jlopusbes ¢ (8g6L) “18 19 Asuosaq  + (986

G941 'suilqoy ¥ Jais504 5861 ‘suigod g J91soy 3N ‘uoliels Ja
2861 ‘uewzieyas 3 Bluoy

2861 ‘beysi g s1110H “1ieH 30 ‘sainsojoul pue s

XX 96| ‘uewul 3 saABQ YBSL '¥INGEOY § plengdd  ‘saduag - s3s3| pue

qggsl ‘t1e 32 ‘emedg qcgsl ‘t1e 18 ‘emebg

eggsl ‘t1e 19 ‘emeBp eggal ‘18 19 ‘emebp

2861 "Jaltnyl

0861 "T1B 38 LJBYION (84l 'OSNOUBRK § JBL]1INYL

1861 ‘18 3@ ‘lieyloy 086l '"1E 32 jJopuabes ysn "va ’

0861 ‘*1B 33 UMY 261 '*1e 3@ deas

8261 '"1® 12 Jaysiey 0861 ‘"1® 1@ jlopusbes

2161 'Aauotay 3 Jaydiey

£961L ""1® 1@ AysaLieH

L2261 'A¥S3IL1EH 6961 ‘99AJRH § 3JEIS 'SLUN S11e4 oy

061 'Asuoday g Buey Sl6l ‘yrpus s
uebLyal

§961 ‘urldey 5961 ‘ulildel 'Jo3Ieay 12)Jou

ug asJnog asuag

Sa1pof 44N)@ JEaN uolstadsig Joj Siss Bleq |EjuaWlJadul

L) 119pswey

Mod AJngpio

Buipying
181 Aaudoyl

ueder ‘agn)
¥sn 'v1

‘Jajuag ABuau3 ploudy aueng

uoliels

JaMogd JE3|INN 0335 OYJUEY #

¥sn ‘al

0861 ‘"1 32 3JEIS  'SL¥N S11e4 oyepl ‘Joldeay ¥I03 #

¥sn ‘al
epl ‘11-¥83
n 'Id "8qng
W40 N
W X |uauouyd

(W) 3§ S3SED  APNIS AJOIEJOGET 4O SJOUINY Apras p1al4 40 SJoyiny  SILPNIS 1aUUNL PULM Pue P13L4

te| ajqel

»

+ 8

]



(0861) ‘18 39 jJopusBes g

(ggsL) "18 19 AsLoday  +

(8861} 119psuey

*

) 8 2L 672 al XX 3 ¥86L 'SUILIBLID 3 sauor  Bplq pajood 1eyy 'A403s-3)Buls 0z
Alell

& & 43 9 0ZL XXM Yl cl&L 'lajsube)n ‘Jajua) "say JeajonN Blooese) 6l

2861 '43111in4L

29 9E 0s s 056l XX £ay'etie G261 "T1E 3@ UOSUNOP SN TUOLIBIS JE31ONN BUOISTIIW 81
¥sn ‘vd

L9l 898 XX FAREAN R ] 926l 'J1BYS B SeALIQ ‘*qeq Buipjeds ‘ysay *1e) 2l
946l "T0d ¥sn ‘vd

39213 ejydiape)iud 'UOLIEBIS JE31ONN WO30E YIEad 9l
¥Sn ‘AN

s s 9% "y o002 XX I GJ6L '2SNdD  'UCLIBIS JESIINN "SI LW BJYL xSl

09 09 0009 XX 09 L6 'Josead 3 844L1POY NN 'TIEIS JBIYINN Y T3d ASTAULH Yl
BpEUB]

) L 9% ki 0042 XX 9% 2961 "2107 3 uung ‘UDL1IBIS JaMOd JRI)INN NONYD €l
LE

ki % e 13 GBE XX ] 6961 'Spull ‘pdlojueq ‘Buip)ing jeaigna 1]Bus 43

02 0z st 8l g2l XX XX ¥4 6961 "uosMET fg96l 210D 1§ UUNK NN faueyd Butigay jeJdiua) 1
vsn ‘a1

€l £l 09 0041 XX I §961 '49231151 'S1¥N S1194 oyep] ‘¥13-¥IH  « OL

32

spoldad (W) (W) (2w)  o9xeM ajem Apog
ISE219Y YIPLM 1yBlay eaJy Je4 JeaN  ug
uoil3zao Joidasay

sasealay
40 TON

{w) 14 sasen aieq ‘sJoyiny

a2unes asuag

salpris piald

SO1pog $4n18 JeaN uolsdadslg Jo) s395 eleg |ejuswidadxy  :q| a)gel



33

o0zt

Y0z

LS

9e

ost
SE

SE
20l

oy

5358313y SPOlJad

0zl Fiy £2 0oge
9
702
88
s %4 (633 09%2
92
0si
Sg
H H 2.H

SE 0oL §% oosy
20t
k4
Sl oy 09 0009
oL 0s
05 oLL €9 000YL

(w)  (w) (2w)

10 *oN aseajay YIpLM IyBlay eady
uclieoon Joldaosy

K
XX
XX
KK

XX

XX

XX

XX

XX
XX

xX

XX

XX
XX

axep axen Apog

XX
XK
XX
nK
XX

XX

XX
A

XX
*¥

XX

=

XX

XX

XX

XX

X

AX

Jed Jean

XX 69 01 0%

XK H

XX 25120129
w'z/m'o

=

He"g 03
XX

=Tz T o

H'HSLB" 'HSZL"

XX Sl 03 42
281 03 JLL
HS"2'HZ'HS L 'H
9L'0

H'2/H'0
H'2/h'0

09

Plel:E
XK 002" 094

(0B6LY *12 32 juopudbes #

AKX

XX

XX

XX

(@B&L) 18 38 AsuDday  +

gesl "Jagny

gasl ‘Asuosay 3 ‘ue] ‘jlan
21861 '2381d 3 uljyoes
2861 "34119pRY % UBSIIIBd
9961 "ASUOISW B Ji3N

%861 '1ysedeqox 3 equo

g861 ‘€861 ‘AsucJau 3 N
qgesl ‘BEesL "Asuodai 3 11
2861 ‘JepAus 3 Jeagny

286l 'Asuoday ¥ LaeyjoN
qlgsl ‘Asucdan § LJeyloy

fAauoJay § L4eyjoy
‘asdead § 11304984

elLgsl
861

0861 ‘Asucdan 3 LJeyioy
6461 "AEM 3 eBoy
9J61 "3111AJ9113N F UOS]LM

8461 2261 "IUadULA

ai26l'el6lL '043SE] B SULGOY ‘§l6L 'sulgoy

XX

(W) 3H sasen

ug @24n05 asuag

s3lpog 348

#l6L 'T1E 19 Asuodep

wl6L "T1E 312 Asucsay
€161 ‘*1B 32 JooH

2261 'Adupney) 3 Asuoday
LL6] "AsuoJan g Buep

061 ‘Asuoday 3 sawAs
agesl 'eg9sl "Adypney) ®
2 yewta) ‘AsucJtay

4941 ‘aJool ¥ SalARQ
2961 'A¥S3LiEH

ajeq ‘sJoyiny

Jeap uolsJadsiq Jop s3as BIRQ EIUSWLJadX]

(BB6L) 112psuey

Guilpying Jejnéusiaay
BULPY NG JusA jauung
wajdwos jeslwayl
¥a)dwos jeslways ‘swaey juey
*JBuUaY ¥a33Jlop 'SIUnsS0|Iul Iduad
sBulp)ing JejnBueisay
¥sn ‘2s
‘UOLIBIS JE3)INN JAALY YBUUBABS
Bulp)ing E21GND
Bulpying Jeynbueioay
SJ03BJ5U36 X23J0A pus SIJUIY
saul) 9843 ‘sBulpying ‘syuey
wsn ‘TN
‘dio] 991AJ95 BULWIAY ABJBUZ
sBuip)ing Jo3oead |apol
vsn ‘AN
‘Je3us] ABJaul jutod ueedg
Buipying atenbs
swsiJtd JejnBuelossy
s3¥2019 Jenbue3dsy 3 sagnd
|qna
¥sn ‘rN
‘uoL3Els JaMod Jeajany Bulieo)d

¥SN 'HO 'UoLlelS JaMod 34T UsAY

532B1S § agnd

¥SN ‘00 ‘ueld "Ind sield Aydoy

s32e31s 7 2gn)
SWNJ3snd4 auol

¥sn ‘AN
‘uotle)s Jeajony weyasoys

¥n ‘suoiiels
JE2)INN |12MpElE 3 A21%Jeg
Wsn ‘OW ‘Jeausd 1BILULID HIN

$31PN3§ jauuny putm

19| ajqel

iy
9
sy
ki
£y
2%

+ 9%
SE

£f
[4%
L€
0L

62
8¢
L2
92
52
k4

22
i2






