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In mary auclear safety exgerizents the mass
rate 1s zeasured Witk 2 com i of & turbine meter
and 4reg disc (D'I"‘ and ftcceter. In

scme of these exgerizmen flovw
device (Ball et :Ll (1) rimerts such

as OFT (2) free field DIT's er 4. The
performance, cspr-'-ia_]_l:/ of & free fleld DIT, will be
influenced significantly 1¢ ceparation of fhases
exists. Such phue separation cccurs:

a. 1f the mass fluxes, qualities end transients are
low 50 that the phases have tize encugh to separate;
this may happen in a small area blovdowa cor in a
large ares bloviown at positicns where flov reversal
occurs.

b. At high mass f2uxes, 1if the pheses upsteam of the
meesuripg position are forced to separate, e.g. by flow
obstructions or a bend in the pipe.

This paper analyses experizents designed %o deter-
the accuracy of a LOFT UTT and a LOFT-type three-
cmeter inm horizontal steam-wvater and
Tvo dlfferent test sections with
lemeters of 103 zm ID (5" test pipe) end 66.6 om ID
(3" test pipe) vere used, toth providing free {feld
calibrations. That is, th~ DTT i3 sealler than the
inside dicmeters of the test sections., 7The gazma densi-
tometer 18 a three-beam unit representative of the con-
flguration used in LOFT, but modified to fit on a
smaller pipe. .

zine
bean gezm: deasit
sir-water flowv (3,4).

The reference mass {lov rates vere peasured with
orifices in single phase {low before nmixing. The
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-~ The ¥ radicrnuclide *njlectlon valves acd the
correspondicg rdeecccrs for zeasuring <he axial
Afatributicn of the phease velaclitles.
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e ratio of turdlne wvelocity »m
to bcn:"genecus velocity (equal volimetric lux)
(v + 7 as a “uncticn of the interface level. As
].ox;,5 as tée izterface lewvel Is5 lcwver ther ke bottcn
of the turbine, the turtize meesures siout the tkase
velocity of steem v_ which 1s ocly slightly higher then
the homogeneogus velSctt" for the parameter range in-
vestigated. If the interface level is between the
Cottom and the top of the turbize, the turbine meesures
about &0% of the voluzetric Slux.

Fgure 3 shows th
t

Filgure 4 shows for the 5" pipe tests the ratio of
drag disc readirg (pvz)vwb to total iwo-rhase zomentim

aux (PVZ)CP calsulated by
Py, =(evi)y +6vy = Sy 4 Sove

At very low -nterface levels {very high vold fractions)
the ratio is ebout 1. wWith Lacreasing interface level,
caused by increasisg liquid input, this ratio decreases
because the veter 1s mostly flcwirng telow the drag

is not meesured. This fact is
irag disc reedlag s
vhere

hJustrated {n Figure U vbea the
'norzalized with the steez momentium flux P

J‘.‘1!: ratio is about constant for ell velued Bor the

‘intarface level.
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Figure S showvs the
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‘method. This precedure
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Table 1: Corparisan of “ean Values ‘or Mass Flow Jcusanl Model
Ratios /30 ard 75 2ar Ixner-ments) |+ P t_a
- . Vo= Ps (53
G ¢ 4. T - e Yy =
-1 v-00 T-00 3 +
— e fg =
baet Sref Gref
x 1.60 1.03 0.69
5" Pipe Tests
g 0.39 0.20 0.18
X 1.16 0.89 0.76
3" Pipe Tes=s In all mcdels the draz disc zeasures the tctal two~
g 0.35 0.17 0.49 phase zomentum flux (Pv‘?):: lassuming thet the drsg dise
coefficleats in single-phefe steam exd water flcv are

equal to i):

(PV),, =X Py Vs + (1= vy (3

Table 1 shows the mean velues x acd standard de-

viations for the ratics of zmss flcw rates using a From eq. {8) slip is evaluated:
combinaticn of “wo instrumernt reedings to the refere
eace values. The z2ass ZLov rates per unit area were v~ (=) vty T
calzulated by S“(lﬁ )DD (a ) 2 ) (9)

. x Pg Vg

GY‘T= P, vy X (1) .

. Combining equaticn (8) with (5), (6) =r (7) *he liguid

G,_mﬂ' (&} (ev?) (2) ,7elocity is given es follows:

. i
: Gyppm (va)w/y_r (3) 'Void Fraction Model ,

3 2 a\0.5
RN ()-ed‘Vf_l__ < ( PV /R =Y
These equations using %wo measuring rarareters are V1= [] Yr + [ i P
jca.lled two-paraneter equetioans, ir contrast to a three- (1)
. parsmeter equatico whick uses three cessured quentities Z
‘such ad «, vy aad "g ard eveluates the mass flovw rate F= (’_d’ + ('—‘3()&/?5
R4
: é Roubeni Model
. = X Ve + - Y, L 1 L4 3 2
D Xy Py Vg + (1—cty)pp vy (u) =gl 2y e ve RV xRy T
The two-parameter squatious ere, in <ontrast to eq.(h), ty2 1) MEA 2
4 , > j—« ¥i ~{pv I+ Y, Y

conly correct for S 3 1 (compare e.g. {S)). If it is ( Vg™ ¥z ~(e v L) } wt2(py )005 T
agsuped that the surbine meesures the volumetric flux acd —y2(eyd) vE = - d==x O
the drag disc the total twvo-rhase corentum flux, it can 4 (P >0 T O with 3= 7= £
be shown that with fanreasing slip eg. (1) gives very Zguaticn (11) Zes *: be solved iteratively:
high values and eq. (3) very low values, vhereas, eq,
(2) glves values only slightly too high for realistic Aya Model £
'velues of slip. : | / (PV’")3 T
! i i TPt ey s (12)
{From Table 1 it can be seen that for both the 5" and the - .6
!3" pipe tests the cozbination gemma densitometer - drag w th P=J_+-—°-ﬂ>‘—' Y+ H: i _p.L
‘disc has the highest accuracy, caused %o soze extent J ) ol PS

by the relatively srall errors of eq. {2) for 5> 1.
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e vold fractisn =mcdel dces znon zlve a real value
Tar v, {or moet oY tne tect polnts altncugh in ke 57
ripe ;:r;nzrf:f::::s tre payompticn of thlz zodel for the
turkine reading L5 qulte well Sulfilled. The reason for
+he ne;nzive radical iz equesi-o (1%) ls the %00 small
@reg dise rending. The Zcliots where a el sclution for
v, exdstz, belcng .2 tes% Solnts ';'i:n a low lijuid fgput

where tle steem comentuax ebcut the total

“p g : %A:lo ity i3 predicted
lip w08 nlan.

50l :ticao &t 2l) because
errlly tco lov, and (ii)

del zives a real solutizsn for ell
al+hcugh this zodel aoften zives a too 5igh

censegjuence, “he crag disc reading

2guses the velue of s1lip to be

This tendency is <learly seen in

ts vner 1y ~n= test int yields

1.In ta bar experi there gre

1d Trac z3 of gbout &= 0.99.

3 {5 s.zn cectly mierpredicted and
slip overpredicted] respecti . These velues snift’
the zean Talue 11 exz ts to a velue zear to

Ich is afusin sourse, the kigh value
o1 icdicates eny individual value ¢f ) =zay be
in errcr. In of the fficulties, the egreexent
of evaluated =a Low rat th the referecce values lis
surrisingly &o

Teble 3 shows he results for the 3" pipe tests.
fgpir the Rcuhazni codel gives e real scluticn for 2
test points, the veid fracticn zodel for all test points
exrcept twc. The accuracy <f tzese two models in restgect
to mass {Acw evnluatica is ebcut the sace and is worse

densitemeter end drag disc together with
S1ip is described quite well witk the void
but inedequately with the Rcukani zodel.

+Zen using the
eguation (2).
Zroncticn oodel
Surmarizin " end 2" pipe tests 1% can be
stered that caly oubani zodel is applicadle for all
test points; the accuracy of the mass {low evaluation
2s cczpereble o the accurecy obtained with the drag disc
gzmme dersitcometer ccobinaticn; slip is deserited very
badly. The veld fraction model gave better slip values
but vas not apgrlicable to zost of the 5" pipe tests.
Generally it ce: be stated that the eccuracy of the
eralnated zass fluxes from ell rodels (if 2 soclutien
exists) is surprisingly good even theugh the DIT ceasures
only a pert of the horizontsl, non-hocogenecus flow.
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¥ASS FLOW RATE FROM CALIBRATED GAMMA DENSITCOMETER AND
IRAC DISC (THO-FARAMETER ZRUATION)

i
‘

If a two-paremeter equation is used, the equation
ccrdining the mozentum flux and density is =gst suited.
As shown in Figure 5, in the 3" pipe tests the ratio of
drag disc reading to total two-prhase meomentum f2lux wBS
clearly different if the interface level was telow or
ebove the drag disc.

:3" pipe tests: (Pvz)nu'-—- I'z(FvL\t’,;(g)w)o's

! (pv”)“:0.51(PV‘)¢;~3(§-)"<0.5
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5" plpe teata:
. — <)
(Pll)bb = (PVlstp 3 (%)w < 0.2

Therefore, the fellcwizg procedure is preposed:

%

Gy = ALPr LevDp)F
vith

A =0.9] 314}, 05

A= 1323 0.5 >[4, >0z

A= }003 0.2>(F),
Table & shkows & ccmperiscz ¢f resclts wih and wi<h-
this calitretion for the 3" ;ipe tesms. An i-_ruveo
is clearly seen. Factor A i equsl to 1 fzr the 5"
ripe tests; that zeans the crigizmal tvc~rara-eter

equation s used; tke results (skown ag—in in Tatle 2)

ut
ent

vere wvery satisfectory.
™e use of & 5

the other instruze
teca :se of the slip
equations.

]

The disadventage
that chase v=locities
Tis c¢an c¢nly be <one Lty
tlors. Such B zcdel using
digcussed In the fellovizg.

MASS FLOW RATE USING TEPEE-PARAETE® IQUATICHS WIE
CALIBRATICH FACTLRS

The correct equetion fcr —ess “lcw reze czontalns
three pareceters:o, vy end v cred, S and 7, whizh
can be sczputed from <fres ir%ecendens ceesiuTacents
The models used so far were zot very successiul becsuse
far horizental tvo-pnese flow tre dreg 2isc exnd turbire
readings were rot rodeled satisfactorily for either “ie

5" or %he 3" tests,

the readizgs orf tke sizgle
wolizh

In the model presexted,
instrurzents are corrected by calibration fecters
are a fupction of the interface level.

It is assuzed that:
g. The gar—a dersitoneter ceesures the —wen density P
end “ze vold fraction w. The density (+vcid Sractica)
is evaluated acccrdicg tc the zethod used by lassern (%)
cr, 1f a length veighted rcetked is used, witd a correc—
tion for flow siratificetico.

1
K

LT

reticn curve (thus
ients irn sizgle-Thase and
the drag disc zeesures

ko

b. Using a sirgle prase calidb
assuming that the dreg coeffic
ir two-phase flow are egual) <

1

(Pv¥)pe= % pPgvy + A l1—a)p ¥, t1%)

c. Using a single-pbese calibration curve the turbine
zeesures

(15)

v B (¥ S+ (1—x)}yy

From equations (14) end (15) 1t follows

v _;"_‘.},E."_‘é___!if-f
| - . - Ay _
yl::_—_%?{(,PT —T + aLP B j\'lé)




p=o(1—a)A P/py +(1—a)
< § = /B ~(1—a) ¥y
: = gy

A ard B are taken froz the experizents

(17)

£ =1.2 rfor (y/aizr > 0.5
A=0.5 ror (y/alyy € 0.5
B=0.8 ror (y/d)IF > \‘Y/d)bo:tom cf «uroipe
B = £ 3 . y/d
1.1 for (y/d)z (r/ )botton of turbine

~

The mass Tlov rate per area {zass flux) is evaluated

from

G={tpss+(—2)Pr)%

Teble 4 apd 5 also
zmethod. Fer the 5"
rate 13 glizhtly
ejquaticon and the Rouhani
cities are Zescribed
three paraseter models.
accuracy of this rmethod

pared tc the other three-p
flow rate, s11ip, and ;hase
op 3lip and chase velccity
the combinstice ga-ma decsi

zuck
z zipe tests <he
erably higher as ccao-
er models toth ¢

o =ass
If tke information

- drag disc should e
factors, vhich gives

L

e best accuracy for the zas
CLHCLUGIONS

The reedings of dregz 2isc and turhine meter *n
horizontsal seperuted tvo-zhese flow in general does not
correspced to the cross section averaged values, It
was shown that the dependezcy of these deviaticng is
for a2l investigated flowv regions nearly cniy a function
of the height of the interface level which is evalusted
from the garma deasitczeter reading. Therefore, it is
adventagecus to use this depecdency to derive calibratinam
facters wkhich are only a Munct? this int
This procedure considerably s the accuracy ¢
zess flow rete evalueticn for differant test secticno
geometries end gives good results fcr the shase velcc
and slip.

an of

groves

ba

Tue proposed methed is similar to another zethed (9)
kat both methods use the Interface level as an izror-

quantity. The latter method hes the advantage that
1t does not need calibratioz factors - cn the other hand,
the range of epplicaticmn is zore restricted. It is
thought that both methods cczplerent each sther quite
vell,

&

P
t
3

e

References
———

'/1/ Ball, L.J., Earrem, D.J., Dietz, X.A., and 9lson,D.J.,
. Semiscale Program Descrivtion, U.S. Nuclear Regulatory
' Cormisgion, THREEZ-NUREG-1210, May 1978.

riz

Reeder, D.L., LOFT Systez and Test Desc tion, U.S.
Ruclear Regulatory Commission, NUREG/CR-0247T, July

i 1978.

i Reimann, J., Jckn, H., lo=ffel, R., Solbrig, C.W.,
| Sthephens, A.G., Goodrich, L. D., EG4G Mass Flow
} Rate Instrumentatict Tegts at ¥ernforschungss
i

Rarlsruile, Data Revort Vol. 1, X<K 278k, 1979.

Ra

Stephens, A
Irs

J Jchn

{mmnp,

PR
edar

trumenta

Karlsruhe

<
~IE

Ze

Relf=ann,

v

ichesens

Facktaguzng:
Reaktcr-Fl.

Rovhani, 7
Meters in
presented
Oslo, June

Table 2 Results froo
(5" Pipe Tests)
TOsaritommtsr Toid Praction Model Are nodel Lounaas redsl
o Mal.-Volvas
» Y L] " 3 Sl Nt PO Y /e
har ta/a) (1) {(n/s) m o fafu) (1} fal/a) () i
a1 B INTSE W E R 1 .e3
5002 I ST I T - - .43
3004 2.0 [}) - - -
3001 .73 7 . - n
37 1.08 ] 0.4y 110 ENTY - *“
3 40 82 b2 O 4 M 1
i 31 P (L. ) - .50
b4l (1] 1 - - ]
o BT 3 - - .34
5034 o 3 - - i
88 1.0 0 Q.41 12.48  Q.s * {3
%038 () 4 o9 S.03 ouvs - -
%37 123 LU IS S VTSR OET Y e v
h 3t ] t.h 14 <0 »
%8 1.3 i’ - - "
014 34 17 1 1@ 0.92
013 1. I3l - . 1.03
s|o1e 1 18 - . o.97
%11 3. 0 - - 0.91
a2 13 W L1 - - 1.01
3013 [ A - - .9
018 [N 14 - . 0.9%
28 3. 13 - - Q.08
3064 1. 0 - - a.n
sos? 1. .8 - . 1,93
san L 't 0.88 .8 o 97 - 1.8
Mean Valeas Void Fraction rodel ire Fodel Touhant Nodel
» (var) L] % Q.73 a0 13 .1 0 oW
") mesar™ 0.47 °.713 o.48 - - - 231 1.4 1.08
. 0.34 - -t - .49 1113 1.4
— .
L .93 1.48 169 - - - 0.20 112 V.ot
a .44 - n S.33 .09 1.2
a.7 .97 CNH - - - K . .
ctbd-ll&hl £ 9, 1.03 o.f 1.01
? 0.23 - o.M 9.1y o.09 aue
LT T s Ut o a o ) 13713 11/11 a7
'
!
i
s I
]



Teble 3 Res *s fr»m Vold Fractlor, Aya and Pouheni Teble 5 Mass Flow Pate Zvaluation with Calidreticn
A LU ~ - : -~
Mods (2" Pipe Tests). Facters (2" Pipe Tesz%s).
T-Uoseleor tu.d Frartion Model Aya Madal Rounasni Madal | m* reg” ::;u-:ul:.-(.r :‘:---cr;r; Causcions
kel ~Valuo 1 . *Kuf{.-Valuaa wita Ca 4ctors
Tert p V. r o 1 G 3 1 c, Sl ) €, :
1 Gaey i g b Ml m St vor Cranle ' Y, s S
oy 307 2.k i 18 aus <o 0.17 “uat Nt m (Y TGy
ok 53 1.1 0 tw an - o
003 .29 17y v 2 8 ol - o.81 01 Q.73 0.0% 307 3.0 1N 1.00
) $.06 1.4 i ) A6 0.8 - ::3 04 0.12 o.93 3. A3 2.00 0.a7
oty 320 1.ga .01 ra1 0.1t - . 4001 0.70 9.9) w1 33 241 an
ST 1,55 1.ek g a? 1,47 0.36 .07 v ol w1l o.8k oy ros 35 A oM
wia P T TS T - N W | [T N S ] L wit 0.7 0.3 y.23 188 2.0 0.%
8017 40 213 223 191 T 0.8) 10 i w013 1.07 0.97 [ 131 L3 a.9e
s 30 v 0.6 0 Nt 1.08 o34 1.0 128
iy 198 c.ar rca 2.17  0.91 .08 :-°' LWl g 0.% rar 1.13 109 130
w0 1.02 G 104 1.32 a. st h.lb o4y | soin 8.9 110 3.43 .89 2.27
won aa 101 2y T . sy 1.08 LT 1.99 1.9 1.1
oy a0 YY) 1.2a 139 a.a3 . ° ;: , w10 A [ 202 TR H
023 381 o1 ol o . b 8321 0.7t a.s el 173 200
s 3.8t TR ) : :- ot %022 o.84 117 2.7% 316 1.13
wars 7 81 1. 2.4 . S o 80123 0.7 o.%7 Y 313t
[%3{% o 1Y 1.9% 0.58 : " 8026 e.n 9.94 .5 4.5% 1.99
wir 300 yaz ooy 193 Laa o.n s oh %23 o4  awm Eg) varo2as
sout ‘o TN ] o 3.4 c. - w02 o.68 5.9 [N PRI
o sy 0.81 i1 1ot 333 129
w13 ' ;‘;: ;~H :‘“', o w3 0.70 0.91 roe 360 2.1
(311 1 . N i
w7 1 .83 4.6 .07 c‘,f’ 033 110 1.00 137 .70 0.8
pren by I:O 0‘“ %1 1,10 100 ] 219 1.45 1.av
oty 3 % e 8011 1.07 9.9 \ 232 (.31 0.9
w031 H s07 017 1007 Ve 6031 0.83 [Nt 1 IS TR P T Tt
wur 13w N o.06 1.18 ou 4032 0.7 101 ! 306 1.3 0.92
poet I L2% LI PR E o1 053 1.08 1.98 170 2.1 1.% Q.99
0% : 0 n'u 034 73 a.9% 0.87 1.38 1.0% 1.38 1.03
w7 2.7 M .71 053 [ 0.9 108 112 1.3 0.97
s 3. - °.13 #3534 1.08 1L 2.82 1.66  2.59 1ot
«3r 3 0.51 Q32 a.ar T 2.01 3.8 i.60 1.09
w0ea 3 = s 5038 e 1.07 2.08 2.98  1.4% 9.9
et 1. .10 oré 1.1y 8.4 5039 0.5 1.0t 1.6 319 d03 a.I7
-4 3 Lhit 8.4 > 40 a.81 t.09 1.9 3.39  1.a8 t.08
(%) 1. - w061 112 101 .7 1.40 1.48 .03
sa62 0.71 0.93 1,63 378 2.06 0.7%
Mesa Viluas “7o1d Traccion fodal tva Model Louhaai vodel s0s2 9.32 0.4 . 104
- - 1 . ? 0o e 1y ®aam ?4luas * Two-Pac. Equacion **Two—Par. [quatios Three-Par  Lcust.ony
diaar) | e A A A wiit Cal. Factor  with Cal. Faciors
9,77 ©.%1 o.M 1.0 V.1 .0 0.%0 1.04 0.97 » (bar) «0 143 Wy »0 3% C-R ) ) 13 w1y
] Il - - - - - 1.07 v.38 1.0
0.1 0.11 ©0.23 Q.21 0.0¢ 0,14 08 9,10 0.7 L heaer !
1
1.09 0.77 0.3 21 038 033 0.0 0.03 0.2 : a 9.4 23.14 0.2
0.44 0.5 0.8} 1.02 2.11 o.% 9.0) 0.0f 0.06 T a3 - - - - - - 9.99 1.11  0.99
Q.77 0.3) 0.4% 1.01 1.0% 1,03 0.01 .1 2.8 9 9.27 03 23.27
(.19 o0.m a.iy Q.18 0.03 0.1) 0.18 Q.19 o0.1% Coda1/Crae 0-83 0.97 D87 .00 1.02 & 97 0.73 9.97 o0.98
Nl . . . . . . A
M otal 191 14718 33733 $719 T4 13733 19719 18718 13233 e 0.14 2.13 a8 911 @3 013 0.17 9.50 9.1
¥ ear MY I I3003 19019182106 33735 1M1Y I3/18 JR08
Table 4 Mass Flow Rate Zwvaluation with Calibrat:on
= "
Factors (5" Pipe Tests). ,
by
e T-Censicovatar Theee Paciceter Louations | |
+ Ref.-Taluas with Calibratias Faccarn ‘
YT Soon v 3 ' 3 .
e T ' ! S
C (var) et im/n) () (wle) 17y —k
5 _ o
00 13 s 331 3aa 2008 1.06 , | LOFT 57 Test Seclion | M Redomw
32 o7 PR 2.3 et b 0.12 : berw Drecteny
3004 .3 1,08 .01 4.3 ENT) .28 X
5001 1.3 579 1) .83 Lo 1,36 !
037 a1 2.08 24 122 1m 1.01
oM @ Lo [T L1y w1y 1.18 TE-ST Fadmortre buoor
3033 0.8 PN 2.4 1.3 .20 a.ye ; Yot
3043 1.30 1.ay DNt s, J.08 .13 o’ Iy
084 e.5 o1 L3 1ae L a.z9 ! W v J_ Y : : : .
3034 a9 %3] .3% sl L o. 1 H ~ 3 T t t—
30133 a.78 .80 .02 1.80  1.83% o.18 ! 1 i il ] N
3038 t.02 1.7 2,74 .22 2.c0 1.09 — . ——r o oy o or
3037 123 1.03 a6 2 1.39 [ UFE ) fems D Y0 ovew
ERLYY 1,33 N TS 'Y 1,92 1,39 .o Gt -Dompaye G0 Cwmio-  LOR T.OTT
o 1.2 236 DNt I A 1.23 . . Prord e i ~e
sane oy ‘e s Lo : LOFT 3~ Test Section 1 & % - |
sats 1oy L 2.7y 103 i @Q =S H
5016 0.17 .68 1.8 5.va Mrrg Cants ) O/ 7
%31 0.93 .62 [y 3 a.93 H o 7 :
so12 73 192 L 3.4 1.08 i -r ’ S——
3011 1.02 .33 8.0 [N : i i i IR 1 ! 1}
sqze a.19 672 1.09 .08 : o + 3 T
sa13 o.va sar - 1.9 0.4 g ‘ﬁ 1] ¢ il
3ou a.rs .20 1.02 e.92 @ os
3087 1.07 2.0 3.3 112 ! - v
on [Nt} nn L L 1. : Ayl
froumt 1 Sowmrion 37 O or Toxr Secriom Geomerer ano Mass FLow att Dt
Mern Falows " Tvo-facsmatar Tquecion Three Parameter Lquations : i rematicn
with Calibracion Teetoes ) 1
» Dar) g 15 el 0 141 Lge?y , L
P Do
Y maet™y” - - AT 1 tus3 !
o - - - 5.9% 0.1 0.8k i .
Sttt - . - ST 0,81 O, H : : I e M :
: !
. . - - 0.47 0.0 0.3 ‘ ] - B 1
SeotatCrat 100 100 103 1.0t 1Al oe H - s
L] Q.13 0.08 0.8 0.1 a.1) an )
’
" EYSE TV TR Y2 1Y 1303 WL s - ]
- — e, —— U

Tz “Se Usé BLACK Typewrter Rubbon SIHGLE SPACE O




’ +
Z ; . .
Z o Peo—
= I Z ] | |
: ho P % 8 f sy
i e 24 ol o .. —
e X i ]
s « =|81° Lo
: d. ] P tar bodd
i Qs x 5+ O°Pz78sar pe——re e e —L
i ' [ d | ¢
r = ‘ N T T
i i NI EENIEL o : Lt
! fmoe T o) B =: ! ‘
[ ;_l:: ‘ ?fjv q;f ai:q } o " . b x. ) l
' a j He or a: : | | B !
- f:url g TR 0 55 & a8 @ T
j T range AR _. ty.
IV O 0 1 O s AN
ptber}| 5"Pipe 13-Pipet: ! | : 3
2w 40 e ’ v ////7 N .1L° H,’."r,j*
- ° - %J , . l La e
03 PO ) 5 20 Fisure 4 Dmas Disc Rganjus as Fu oF !Ntgasacs
; Lever (5% Preg Tests)
|
VAVl
Ry LN
Fiewe 2 Test Farrix ror 5° axp 3° Piee Tests =l ! ;::;;:
(STer-HATER Frow. 40 anp 75 3ar) ; 1
% l g el (
- N !
‘“ ] Froo o G o
o ® tBenome. - -
H ;
& v ¥
I
¢ I A
! v » ° ' o
'.A-%Q..- ;:Y ! :ch’a l l
w > LT - j’ i ' i
i | o lp < piob !
L Botiorm D ol o3 ' 5
o 7 ; ol TEL
u — -t * J
“ e NS L3 ?'Q.‘:’J -
ru ! w ! x. ﬂ l § '
> ’.’n —— o o *© “ } 'f } ]
513 15 ] ! < . X : ¢
> u £ ) » s a G 8 0 El
“ " P O P [ tyadhy K A =
- P TShr “ \;1
N @ . i Fresm S Boms i Bt a3 Factior o laveevact Lives (370 e Tl
u [ A
Botam o]
N o
- :_'1" Twone
. T e 1T 3§
“» L% LI w “ “ o8
tyhil, iytddy
e
Ajus

Fromy

3

Tuea it ACTTE Roasim a1 Fusctios o lariiract Lva

-6

iy - .



