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ABSTRACT

Now high pressure water jets are used in various fields. According to the increase of the
fields, a considerable number of the accidents that water jet hits a nozzle operator or some
others have occurred especially in the fields where a hand held nozzle is used. In this paper
the author proposes a reproducible method to measure the safe standoff distance, that is the
distance from the head of a water jet nozzle to the boundary of hazard area in which people
are possible to be injured. In this method a sheet of swine skin is used as the reference
material that is substituted for human skin. The standoff distance is changed continuously by
moving the nozzle. The safe standoff distance is measured from the length of injury on the
swine skin. Also, it is reported as examples of the results measured by this method, that the
sufficiently-safe standoff distances of the water jets used in their works are at least 2.5m in
the case of water jet without any abrasive and 3.5 m in the case of abrasive suspension jet.
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1. INTRODUCTION

High pressure water jet was developed roughly half a century ago, and now not only the jet of
water without any abrasive but also abrasive water jets are used in various fields. With the
increase of fields and the expansion of each field in this period, a lot of accidents have
occurred resulting from water jetting operations. Especially in the fields where a hand held
nozzle is used, considerable number of the accidents that water jet hits a nozzle operator or
people around have happened.

Such an accident as water jet hits a human body is a typical accident that occurs in water
jetting operation. So the author has done researches with co-researchers on this accident and
its prevention as very important issues relating to the safety of water jetting operation. One of
their results is [1] in the reference. As some results obtained from our recent researches, the
author proposes a reproducible method to measure the safe standoff distance, that is the
distance from the head of a water jet nozzle to the boundary of hazard area in which people
are possible to be injured by the jet discharged from the nozzle, and reports on sufficiently-
safe standoff distances of the water jets used in their works, water jet without any abrasive
and abrasive suspension jet, as examples of the results measured by this method.

In this report, the jet of water without any abrasive is abbreviated as WJ, and the abrasive
suspension jet is done as ASJ.

2. THE EXPERIMENTAL APPARATUS USED IN THIS RESEARCH AND THE
METHOD TO MEASURE SAFE STANDOFF DISTANCE

The experimental apparatus used in this research consists of a water jet system, a nozzle
assembly, a sheet of swine skin that is the reference material substituted for human skin, and
their surroundings. The nozzle assembly includes a water jet nozzle and a nozzle moving
machine. The water jet system shown in Figure 1 consists of a pump module and a slurry
module, and feeds water to the nozzle assembly through a high pressure hose of 50m in
length. Tap water is filtered and pressurized in the water jet system, and mixed with abrasive
there if necessary, and then discharged from the nozzle.

When ASJ is discharged, the majority (about 90 %) of the flow from the high pressure pump
bypasses the discharge vessel via the abrasive concentration orifice. The pressure loss across
this orifice provides the pressure difference to drive about 10 % of the water flow through the
discharge vessel to generate a discharge of abrasive. Flow into the vessel causes abrasive
particles to be fluidized in the vessel. The high concentration slurry generated in an outlet of
the vessel is then diluted by the majority of water flow. The slurry then enters the hose. When
W1 is discharged, all the flow from the high pressure pump bypasses the discharge vessel.

Structure of the water jet nozzle is schematically descried in Figure 2. The pump module
supplies a flow of up to 5.5 L/min of water at pressures of up to 69 MPa to the slurry module.
A high pressure pump is supplied with water from a feed tank having a capacity of 42 L. The
supply water is filtered through the in-line filter element of 20 um. A diesel engine of 7kW
provides the motive power for the pump. The discharge vessel has a volume of 12 L. In this
research, the delivery pressure in the pump module is regarded as the pressure in the upper
side of water jet nozzle.



Olivine sand is used as the abrasive in ASJ. Figure 3 shows the particle size distribution of
the olivine sand used in this research. The distribution is measured by the screening in which
JIS-standard sieves are used. Flow rate of the jet discharged from the water jet nozzle is
measured as 5.1 L/min by means that WJ is discharged from the nozzle in 2min at the
pressure of 60 MPa and collected in a tank.

Figure 4 is a photo showing the nozzle assembly and a sheet of swine skin, the reference
material, and their surroundings. The water jet nozzle is set on the nozzle moving machine to
discharge the jet vertically downward, namely in the plumb line direction. The nozzle moving
machine is able to position the nozzle at any point and to move it any distance at any
velocities vertically and horizontally at the same time. A rectangular sheet of raw skin of
roughly 30 cm in width and 1 m in length is cut out from the whole skin of a swine and used
in an experiment. The sheet is kept in a refrigerator the temperature in which is between
—25°C and -50°C, and defrosted just before the experiment. Two sheets of wire mesh are
piled under a sheet of swine skin and placed on a thick and rectangular wooden board, and all
of them are fixed one another with nails. The layer of wire mesh sheets are set for the water
that penetrates through a sheet of swine skin flows out easily. If the wire mesh would not be
placed there, the water would remain between the sheet of swine skin and the board and
would push the sheet by its pressure. This means that in this case extra and interfering force
would be exerted not necessarily on the sheet from its backside in the experiment.

The standoff distance SD is defined as the distance between the nozzle head and the hitting
point of water jet on surface of swine skin, H, as shown in Figure 5. The point S shows the
start point of nozzle head moving path SE, and the point A shows the start point of hitting
point moving path AB on the surface of swine skin. The standoff distances SD4 and SDs,
those are just the same each other, are defined as the distance between the points A and S. In
the same way, the point E shows the end point of the nozzle head moving path SE, and the
point B shows the end point of the hitting point moving path AB on the surface of swine skin.
The standoff distances SDgz and SDg, those are just the same each other, are defined as the
distance between the points B and E. The point P; is a border point of penetrating and
nonpenetrating injuries in the path AB on the surface of swine skin. The point P, is a border
point of nonpenetrating injury and the part of no injury in the path AB.

The length L, is length of the penetrating injury along the path AB. The length L, is total
length of the penetrating and nonpenetrating injuries along the path AB. The length L; is
distance between the points A and B on the surface of swine skin. The length x; is distance
between the points A and H along the path AB on the surface of swine skin. So dx;/dt means
increasing rate of the distance x;, namely moving velocity of the point H along the path AB.
In the same way, d(SD)/dt means increasing rate of the standoff distance SD.

It is thought to be quite usual that a hitting point of the jet is passing across the body at high
speed in such case as a nozzle operator hits the body of himself or the nearby people with the
water jet from his hand held nozzle in an accident. But in this method it dares to be chosen
that the hitting point H is moved on swine skin at the very slow speed of dx, /dt ~1 cm/s for
the sufficiently-safe standoff distance, that is the sufficiently-safe distance from a water jet
nozzle to the boundary of the hazard area in which people are possible to be injured by the jet
discharged from the nozzle, is obtained. The nozzle is moved in the direction where the
standoff distance SD increases or decreases continuously at the rate of & (SD)/dt ~+1cm/s in
the same time.



Experiments are done twice in same conditions without some exceptions. The hitting angle of
the jet against the surface of swine skin, &, that is shown in Figure 5, is adjusted usually as &
=90°, and exceptionally as #=45° or §=135°. The hitting angle @ 1is set by tilting the sheet
of swine skin with wooden board from the horizontal as shown in Figure 6. In the followings,
to show all the experimental results using the similar format including the tilted cases, the
moving velocity of the nozzle, v,, are shown by the moving velocity of the nozzle in the
direction parallel to the surface of swine skin, that is x-direction, v, , and the moving velocity
of the nozzle in the direction perpendicular to the surface of swine skin, that is y-direction,
vny . The nozzle moving velocities v, and vy, are related to the moving velocity of the nozzle
in horizontal direction, v,y , and the moving velocity of the nozzle in vertical direction, v,y
as shown in Figure 6. All of these 4 velocities are in a plane.

For the marking of the points A and B on the surface of swine skin, in each experiment the
nozzle is stopped for a few minutes at the point S just before the nozzle starts to be moved,
and also it is stopped for a few minutes at the point E just after it reaches to the point. The
identifications of the border point between the penetrating and the nonpenetrating injuries,
Py, and the border point between the nonpenetrating injury and the part of no injury in the
path AB, P,, are done by means of the visual observation by more than one person just after
each experiment.

The penetrating injury means the injury the part of which the jet hits and passes through to its
rear side. So a penetrating injury is in the shape of a laceration on the surface of swine skin.
The nonpenetrating injury means the injury the part of which the jet hits and makes injury in
but does not pass through. So a nonpenetrating injury is in the shape similar to a depression
or an abrasion on the surface without any penetrating injury. In the case of ASJ, the part
where the change of color is observed without any penetrating injury is considered as a
nonpenetrating injury, because a change of color caused by the invasion of abrasive into the
tissue of skin is observed clearly on the surface the part of which the jet hits but does not pass
through.

By using a tensile tester, tensile strength of the swine skin used as the reference material is
measured as (3 ~30) MPa as shown in Figure 7. In this figure, each point shows the average
value of the measurements those are obtained from the (5~ 6) sheets with nearly-same thick-
ness sampled from one or more swine(s), and the error bars of each point shows the unbiased
standard deviations of measured values.

From this figure it is understood that the tensile strength of swine skin is quantitatively very
similar to that of human skin the tensile strength of which is (3~13) MPa."”! It is confirmed
that usage of swine skin as the reference material substituted for the human skin is quite
meaningful in this measurement where mechanical properties of the reference material are
very important, though influential mechanical properties are not thought to be only the tensile
strength. So that the author proposes the usage of swine skin as the reference material
substituted for the human skin.

3. MEASURED RESULTS AND DISCUSSIONS

The measured results obtained in this research are shown in Table 1. In this table, the
increasing rate dx;/dt is an average moving speed of the hitting-point H calculated from the
distance between the points A and B in the path AB, L;. The increasing rate d(SD)/dt is an



average value calculated from SD, and SDp. The safe standoff distance based on the
penetrating injury, SSD;, is obtained as the standoff distance at the border point P;, and the
safe standoff distance based on the nonpenetrating injury, SSD,, is obtained as the standoff
distance at the border point P;.

Figures 8 to 10 show the experimental results in the cases that W] hits the sheets of swine
skin perpendicularly. The ranges of standoff distance SD are different and partially
overlapping with one another. Each photo of swine skin that was taken just after each
experiment is in the top and a set of explanations is placed just below. Every number of (10~
11) letters in the figures (not limited in these figures) is the index of each experiment, which
makes every datum traceable. It is observed from these figures that according to the increase
of SD (from left to right in the photos and Figures 8 to 10 in that order) the injury becomes
gradually to be from serious to slight and finally disappeared in the experiments. From these
results and Table 1 it is obtained that WJ used in this research makes penetrating injury within
the range of SD < (40 %= 5)cm and nonpenetrating injury within the range of (40 = 5)cm <
SD<(100 = 20) cm on the sheets of swine skin.

Figures 11 and 12 show the experimental results in the cases that ASJ hits the sheets of swine
skin perpendicularly. It is observed from these figures that according to the increase of the
standoft distance SD the injury becomes gradually to be from serious to slight and finally
disappeared in the experiments, too. From these results and Table 1 it is obtained that the ASJ
used in this research makes penetrating injury within the range of SD < (60 = 5)cm and
nonpenetrating injury within the range of (60 = 5)cm<SD<(150 = 15)cm on the sheets of
swine skin.

Figures 13 and 14 show the experimental results in the cases that ASJ hits the sheets of swine
skin obliquely. In the cases that ASJ hits a sheet of swine skin obliquely with the hitting
angles of 8=45° and 135°, it is observed that ASJ used in this research makes nonpenetrating
injury at least on a sheet of swine skin in case of SD<(135 = 10)cm. The ranges of SD in
which these jets makes nonpenetrating injury at least is nearly same as those of Figures 11
and 12, in which ASJ hits the sheets of swine skin perpendicularly.

The results mentioned above are obtained from the experiments in which the jet is discharged
from the nozzle that is going off gradually into the distance from the surface of swine skin.
Figure 15 shows the results obtained from the experiment in which the jet was discharged
from the nozzle that is approaching from the distance to the surface of swine skin. In this case
it is observed that ASJ used in this research makes nonpenetrating injury at least on a sheet of
swine skin in the case of SD < (140 = 12)cm. The ranges of SD in which this jet makes
nonpenetrating injury at least is nearly same as those in the other cases where ASJ hits a sheet
of swine skin.

The safe standoff distances SSD; and SSD; are SSD; =(40 = 5)cm and SSD,=(100 %= 20)cm
in the case that WJ hits a sheet of swine skin perpendicularly, and SSD; = (60 = 5)cm and
SSD,= (150 = 15) cm in the case that ASJ hits a sheet of swine skin perpendicularly. The safe
standoff distance SSD; is SSD, = (135 = 10) cm in the case that ASJ hits a sheet of swine skin
obliquely with the hitting angles of 8=45° and 135°, and is nearly same as the values in the
cases of the perpendicular though it was a little bit smaller. As any clear effects of the moving
speed (including directions) of the nozzle to SSD; and SSD,, are not observed, it seems that
the effects is smaller or negligible, though the author never think that the safe standoff



distances are not affected by the nozzle moving speed at all.

So that based on SSD, the safe standoff distances of the water jets used in this research are
roughly 50 cm in the case of WJ and 70 cm in the case of ASJ, and based on SSD, the safe
standoff distances are roughly 120cm in the case of WJ and 170 cm in the case of ASIJ.
Sufficiently-safe standoff distances of the water jets used in this research are thought to be
2.5m in the case of WJ and 3.5 m in the case of ASJ, those are roughly 5 times SSD; and the
double of SSD, in both of the cases.

As in this research there is such a weak point as the identifications of the positions of the
points P; and P, are resorted to the visual observation, the uncertainties of SSD; and SSD,
became somewhat bigger. But the uncertainty of SSD; was significantly smaller than that of
SSD, by the reason why the identification of the point P; is much easier than that of the point
P,. So the author thinks that the sufficiently-safe standoff distances of the water jets should
be judged as 5 times SSD; at least, the value of which is obtained from the method mentioned
above, except such cases as all of the nozzle operator and the others around wear the
appropriate personnel protective equipment.

4. CONCLUSIONS

The author proposed in this paper a reproducible method to measure the safe standoff
distance by using a sheet of swine skin substituted for human skin, and showed the safe
standoff distances of water jet and abrasive water jet used in their work measured by this
method.

The author is going to continue the research on the method to measure the safe standoff
distance in the future.
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Nomenclature

A Start point of the hitting point moving path on swine skin.
B End point of the hitting point moving path on swine skin.
E End point of the nozzle head moving path.
H Hitting point of the jet on swine skin.
L, Length of penetrating injury
L, Total length of penetrating and nonpenetrating injuries
L Distance b§tweel? the points A and B in hitting point moving
path on swine skin.
P, B.O(der po.int of pc?netrating and ponpepetrating injuries in the
hitting-point moving path on swine skin.
P, Bordf:r 'point Qf nonpe.:netrating injuq and.part of no injury in
the hitting-point moving path on swine skin.
S Start point of the nozzle head moving path.
SD Standoff distance of the nozzle
% Increasing rate of the standoff distance of nozzle
SD, Standoff distance at the start point of hitting point moving
(=SDs) | path, A. (= Standoff distance at the point S)
SDp Standoft distance at the end point of hitting point moving path,
(=SDg) | B. (= Standoff distance at the point E)
SSD, Safe standoff distance based on the penetrating injury
SSD; Safe standoff distance based on the nonpenetrating injury
t Time
v, Moving velocity of the nozzle
Vol Moving velocity of the nozzle in horizontal direction
Vuy Moving velocity of the nozzle in vertical direction
Vix x-directional moving velocity of the nozzle
Vay y-directional moving velocity of the nozzle
. Distance b@tweer} the points A and H in hitting point moving
path on swine skin.
dx Increasing rate of the distance between the points A and H in
—& hitting point moving path on swine skin.
dt (Moving velocity of the hitting point H on swine skin)
0 Hitting angle of the jet on swine skin




Table 1. Experimental results

0 dx, | d(sD)
N Jet | P |(nominal)| Vm Vay SDs | SDg | L | Lo | Ls dt “a | SSD SSD, Index of
o type experiment
MPa| degree | mm/min | mm/min| mm mm |mm|mm| mm |mm/min|mm/min mm mm
1 | WI| 56 90 600 600 101 713[450]700] 700| 599 601 460 =713 |20080825-1A
2 | W] 59 90 600 600 101 718[390]660| 660| 579 621 400 =718 |20080825-1B
3 | WJ| 60 90 600 600 3101 803f 39]462] 505| 607 593 349 772 20080825-2A
4 [ WI| 60 90 600 600 3101 813| 40]470] 500| 598 602 350 783 20080825-2B
5 | WJ| 60 90 600 600 5001 1,188 01661 690 601 599 =500 1,161 |20080826-1A
6 | WI| 60 90 600 600 5001 1,294 0]676[ 794| 600 600 =500 1,176 |20080826-1B
7 | WJ| 60 90 600 600 900 1,505 0210 603| 599 601 =900 1,110 |20080826-5A
8 | WI| 60 90 600 600 900 1,505 0250 593| 594 606 =900 1,150 |20080826-5B
9 | WJ| 60 90 600 600 |1,000] 1,505 0107 545| 623 577 | =1,000 1,107 |20080826-4B
10 | ASJ| 60 90 600 300 251 330(630]|630| 630| 610 295 =330 =330 |20071205-4
11 | ASJ| 60 90 600 600 251 625[630]630| 630| 615 585 =625 = 625 |20071205-5
12 | ASJ| 60 90 600 600 498 [1,075]100]| 520 520| 569 631 568 =1,075]20071206-2
13 | ASJ| 60 90 600 600 50011,080[120]520| 520| 567 633 620 = 1,080 20071206-1
14 [ ASJ| 60 90 600 600 9401 1,620 01480 615 570 630 =940 1,420 ]20071206-3
15 [ASJ| 60 90 600 600 9401 1,615 01430 610 570 630 =940 1,370 |20071206-4
16 | ASJ| 60 90 600 600 |1,000] 1,875 0525 855 593 607 | =1,000 1,525 |20080827-1A
17 | ASJ| 60 90 600 600 |1,000] 1,905 01469 892| 596 604 | =1,000 1,469 |20080827-1B
18 | ASJ| 60 90 300 300 |1,000] 1,855 0441 820| 294 306 | =1,000 1,441 |20080828-5A
19 [ASJ| 60 90 300 300 |1,000] 1,855 0455 838| 297 303 | =1,000 1,455 |20080828-5B
20 | ASJ| 60 90 900 900 |1,000] 1,850 01330 835| 892 908 | =1,000 1,330 |20080828-6A
21 | ASJ| 60 90 900 900 |1,000] 1,865 0]325| 845| 889 911 = 1,000 1,330 |20080828-6B
22 | ASJ| 60 90 600 600 |[1,100]1,778 0417 673| 598 602 | =1,100 1,517 |20080827-2A
23 | ASJ| 60 90 600 600 |1,100] 1,805 0512 698| 597 603 | =1,100 1,612 |20080827-2B
24 | ASJ| 60 90 600 300 |1,250] 1,805 0]435[1,082| 592 304 | =1,250 1,468 |20080828-4A
25 | ASJ| 60 90 600 300 |1,250] 1,805 0428 (1,082 592 304 | =1,250 1,464 |20080828-4B
26 | ASJ| 60 45 1,011 403 1,000 1,877 0[361]1,010] 621 539 | =1,000 1,313 |20080902-3A
27 [ ASJ| 60 45 1,011 403 1,000 1,727 0]385[1,045] 656 457 | =1,000 1,268 |20080902-3B
28 | ASJ| 60 135 180 427 [1,000]2,007 0]348[ 990| 584 594 | =1,000 1,354 |20080902-4A
29 | ASJ| 60 135 180 427 [1,000]2,052 0]430[1,035| 584 594 | =1,000 1,437 |20080902-4B
30 [ ASJ] 60 90 600 -600 |1,800| 745 0]770[1,035| 594 -606 = 745 1,515 |20080902-1A
31 |ASJ| 60 90 600 -600 |1,800] 753 0]546(1,024| 593 -607 =753 1,299 |20080902-2A
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Figure 1. Schematic diagram of the water jet system used in this research.
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Figure 4. A photo of the nozzle assembly that consists of a water
jet nozzle and a nozzle moving machine, a sheet of swine
skin, and their surroundings. This photo was taken in the
experiment No. 5 shown in Table 1.
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Figure 5. The water jet nozzle, the moving path of nozzle head and the
hitting point of water jet on swine skin, H.
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Figure 7. Tensile strength of swine skin



(1o1qeL

ur §°ON Ppue [ ON 998)
"UD[S QUIMS UO gV

yred Suraow jurod Surpiy
oy ur Amlfur ou jo syued
oyl Yor pue saunfur Jur
-jenoudduou  pasned [\

1oy} S9Sed JY) Ul SINSaY (] I3

wwgos‘L | 95-92808002 'qs
Wwgos't | v$-92808002
wwooe | 95-92808002 vas
wwooe | ¥5-92808002
ulw/ww 009 i
ulw/ww 009 g
206 (feujwou) g
edIN 09 d
FM adAy jer
uoneoyoads
saunful

Ainfuj ou jo sued BunespuaduoN

/ /
V5-92808002 / |
g Ov
4
d
g Ov

g5-9¢80800¢

(19198l

ur {'ON pue ¢'ON 995)

"UD|S oUIMS

uo gv yped Suraow jurod

Summy oy ur Amfur ou

Jo sued oy Yo os[e pue

sanm/fur Sunenousdduou

pue Sunenouad pasned [\
1By} SOSed JY) ul SINSoY ‘6 I3

wweLg | 92-5280800¢ "qs
wweog | ve-5280800¢
wwole | 92-9280800C vas
wwolLe | v2-5280800C
ulw/ww 009 g
uiw/ww 009 wy
-06 (feuiwou) g
edN 09 d
M adAyjor
uoneoyoads
saunful saunful
BuneseuaduoN mc:m.:m:wn_
%N-m%omoom
°d
g9 g 'd v
8°\|92-6280800Z tq VY

Ainlui ocwo sued

(191981

ur 7°ON pue [ °ON 99S)

"UD[S uIMS uo gV ped

Suraowr jurod Sumiy oyp

ur sounfur Sunenduaduou

pue Sunenoudd pasned [\
1By} SOSBD AU} Ul SINSoY ‘g N3y

wwgl/ | 91-62808002 “qs
wwel/ | v1-G2808002
wwol | 91-52808002 .
as
wwol | v1-52808002
ulw/ww 009 a
uiw/ww 009 a
06 (leuwou) g
ediN6S | 91-G2808002 J
ediN9S | V1-G2808002
M adAy jer
uoneoyoadg

saun(ul Bunesnsuaduop  saunful Bunesnsuad
1 ]

V1-62808002
vn_ <
_.n_ <

89 o g1-62808002




(19198,

ul /T 'ON PUe 9T "ON 995)
‘v yred Suraow

jurod Sumiy oy Suore
oSt = @ 9dldue Jumiy
o4} JB UDYS SUIMS ) [SV

1oy} SOSed Ay} Ul SINSAY €] I3

(191981

UL GT "ON PUE 7] "ON 998)
“UD|S QUIMS U0 gV

yred Suraow jurod Sumy
oy ur Amlur ou jo sued
oy} Yor pue saunfur Jur
-jenouaduou pasned [y

1By} S9Sed JY) Ul SHNSAY *T] IN3Ig

(1°19eL

Ut €] 'ON pue Z[ ‘ON 99s)
unys

ourms uo gy yped Suraowr
jutod Sumy oYy ur sou
-nfur Sunensuoduou pue
Sunenouad posned (v

Jey}) SaSed JU) Ul SHNSAY ‘[ AN
wwg/0't | 2-90Z12002 tqs
ww 080l | 1-90Z12002
wwgey | 2-90Z12002 s
ww 009 1-90212002

ulw/wuw 009 .
ulw/wuw 009 a
006 (leuiwou)o
edIN 09 d
rsy adAy jor
uoneoyoadg

ww /g/L | 9€-20608002 1qs
ww //8°L | V€-20608002
ww 000‘l | 9€-20608002 vas
ww00‘t | V€-20608002
ulw/ww €0¥ g
ulw/wuw Lo} Ha
Bl (leuiwou) g
edIN 09 d
rsy adAyjer
uoneoyoadg
saunful
VE-20608002 BunessuaduoN

Nﬁ_ 7
g
Q\\ ao<

8€-2060800Z  f,nfu ou 1o suey

wwgL9'L | $-90212002 "as
wwoz9'L | €-90212002
wwoye | $-90212002 vas
wwoye | £-90212002
ulw/ww 009 i
ulw/wuw 009 a
06 (feuiwou) g
edIN 09 d
rsy adAyjer
uoneoioads
Ainfur ou jo sped 90212002

g °d
o o
g ’d M Ov
saun(ul €-90¢1.00¢
Bunensuaduon

| e

A (efe
800

1-9021 2002

saun(ul Bunesnsuad

g
O

4

o

¢-90¢1.200¢

saun(ul BuiesysuaduopN




[pud]

(1919eL

Ul 6 ON PU® 87 'ON 995)

(T 91qBL UL (€ "ON 995) "gV yred Sursowr

‘qv yred Suraow jutod Sumiy 2oyy 3Suofe

jurod Sumiy oy 3uore oSEI = @ 9Sue 3umiy

Q0BJINS SII JIY UIDYS QUIMS AU} I8 UDS dUIMS )Y SV
oy} 03 Suryoeoxdde o1zzou Jey) SOSed JU) Ul SHNSAY ‘[ AN

oY) WOl PaSIeydsIp SV
ey} 9Sed U} Ul JNSAI Y °ST dInJIg

wwzso‘c | 9¥-20608002 aqs
ww 2002 | V¥-20608002
wuw Gy, ias ww 000l | 9¥-20608002 'as
ww 008‘L ras ww 000l | Vi-20608002
UILW/Ww 009- g ulw/ww /g “a
ulw/ww 009 vy ulw/ww 08 ity
006 (leuiwou) g oGEL (leulwou) o
edIN 09 d EdIN 09 d
rsvy adAy jor rsy adAyjer
uoneoyoads uopneoyoadsg
Ainfug saunful
mc_umbocoa,coz. Ainfur ou jo ,mtmn_ Ainfur ou wmu sued mc:m:ocwacoz

V520608002 v
o U o bre Be LTS 4 0,
g 2y v A}é O

V1-20608002 91-¢060800¢





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


