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INITIAL ENTRY

Title of the experiments:

Fluid dynamics of the interaction of basaltic magma with an horizontal tunnel.

Individual performing the experiments:

Dr. Anne-Marie Lejeune

Centre for Environmental and Geophysical Flows, University of Bristol
Department of Earth Sciences, Wills Memorial Building

Queen’s Road, Bristol BS8 1RJ UK

Phone: +44 (0)117 954 5243
Fax: +44 (0)117 925 3386
Email: A.M.Lejeune@bris.ac.uk

Description of the analogue experimental system

Description of the Apparatus

We have developed an analogue experimental system to model the flow of magma up a dyke and
into a horizontal tunnel. This model (Fig. 1 and 2) consists of a vertical Hele-Shaw cell made up of
two parallel plates, one of aluminum the other in glass, which represents the dyke. These plates are
200 mm wide and 500 mm high and 10 mm apart. The base of the cell is connected to a large
aluminum reservoir, containing liquid. The internal dimensions of the reservoir are 153 mm in
diameter and 485 mm high. Near the top of the Hele-Shaw cell is located a hydraulically operated
gate, which can open in a fraction of a second, and which seals the cell from a glass cylinder, of 38

mm radius and 450 mm length, whose axis is horizontal and normal to the plates of the cell.
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Hele-Shaw cell

Fig. 1

Fig. 2
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The whole system is sealed from the air, and the pressure at (i) the top of the reservoir, above the
layer of liquid, (ii) the top of the Hele-Shaw cell, and (iii) the end of the cylinder can be controlled
independently by three vacuum regulators (SMC handle opérated vacuum regulators series T203)
connected to a diaphragm vacuum pump (KNF Neuberger model N180.3 FT.18). The three
pressures can be set independently, so as to control the pressure difference between the reservoir
and the top of the dyke, and also between the top of the dyke and the tunnel. Pressures are measured
with BOC Edwards active strain gauge (ASG NW16 - 1000 mbar). These gauges are regularly
calibrated in the Calibration Laboratory of the Southwest Research Institute in San Antonio, and
have an accuracy better than + 1 mbar. The experimental system has been sealed from the
atmosphere so that it may be operated at very low pressures. A series of miniature pressure sensors
(113A21 sensors from PCB Piezotroni;:s) is also emplaced at even distances along the bottom of the

glass tube to record the changes of dynamic pressure during the flow propagation.

Experimental Materials

We are using three working fluids. The first one is pure Golden Syrup (PGS), a partially inverted
refiners syrup comprising 31-38wt% sucrose, 42-50wt% invert sugar and the remainder dominantly
water, manufactured by Tate & Lyle Co (UK). It has a Newtonian rheology with a strongly
temperature-dependent viscosity. In order to cover a wider range of Reynolds numbers, we also
used less viscous liquids: Golden Syrup diluted with 5 and 15wt.% de-ionized water and

respectively called DGS5 and DGS15.

Viscosities of the samples used in our experiments were measured at Bristol University (UK) over a
range of shear rates and temperatures between 0 and 40°C with a Haake RV20 Rotovisco rotating
cylinder viscometer, using the sensor systems M5/MVI and M5/SVII. During these measurements,
temperatures were set and controlled by a temperature vessel connected to a thermal liquid
circulator. Densities are calculated by weighing different known volumes of each of the fluids at

room temperature.
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Experimental Methods

Two series of experiments are carried out with the apparatus. The syrup is initially stored in the
Hele-Shaw cell and the reservoir. A series of calibration experiments (named ‘dyke experiments’,
Fig. 3) are conducted first to examine the initial ascent of syrup up the Hele-Shaw cell as a function
of the pressure drop between the reservoir and the top of the ascending layer of syrup. This enables
us to test the model of flow resistance in the reservoir-dyke part of the system independently of the

tunnel.

Figure 3: Dyke experiment

The second main series of experiments involves measuring the flow in the tunnel following the
opening of the gate between the tunnel and the Hele-Shaw cell. In these experiments, the cell is
initially filled with syrup while the gate is closed. Then the pressure in the tunnel is lowered to a
prescribed value below that in the cell, and the gate is opened. The rate of advance of the syrup is

then measured, and the morphology of the flow front is observed in the tunnel by analysing high-

)( 14.01.0<

speed video (Fig. 4) recordings of the experiments.



Fig.4
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I have reviewed the laboratory notebook for Anne-Marie LeJuene, for the period from 6/3/99 to
12/19/00 and find it in compliance with QAP-001. There is sufficient information regarding procedure
used for conducting the research and acquiring and analyzing the data so that another qualified scientist
could repeat the activity or activities recorded in this scientific notebook

H. Lawrence McKague
GLGP Element Manager
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A50O 25225 R4.G 0.5
20 5/52.10 245 05
%29 8’46 .8% 2.5 &5
4% 5 A5741.5¢ 2.5 Gl
2425 20" 188 AR5 X
Qale deed ok 207 1. 88 —> TW—J&MEM
Tosersen= 28 mban
.06 1888



6y FLOW RAT@ (vides) = GO FOW RATE <y

Thimm,d =
Aoel, (tost) Tome P sonteio (whae) T (whan)
50 2.0% J8 8%
| GO Q.49 28 30
15Ye) 14.90 26.5 LY
Eine) 4.4 25 Q|
200 1/28. 18 D475 q
1.5
250 2'16.16 24.75 45
400 Y 6 45 LS Q.5
410 ?)/4871 0.5 S, 5
425 4145 5] 295 9=

Besn dosel o 65 (ackad b bovnd e
=> | Pl = A wban
:?(\m)g@: Q1. 75 ban

U.06. 1944



m (viclee)

T= 18.5°C
Dyhe valve cleted - Qouke opeseed af by =0
(L '?QQEMEI'Q =
6Y2¢ )
Aol (o) e P seneis <(\Y2/gaﬂ> ’Fw, (wban)
Zise) a0 .6l @) 50
K80 I’co.2% O =Y
20 £/ 08.74 o S|
250 4/05.76 o) 5.5
VW & 57/51.95 o 5.5
400 8708 .44 G S1.75
410 1%/ 04.60 O 51.7% )
4D 1974 . U O 51.7% (.
425 5! 47 47 o 51.75
Oohe deted ok 574747 — TPy = 59.25 wbas
L. o6.838

. | %6/



® Pl = 68 wilenaffen 4418

ote] (1o e

20 .84
050 %W 29
200 1/ 04 .49
150 48 .8
RYZASY 2/ .16
400 R/ 58.08
P O > R4 .0l
RN 479319

—p . (f‘m/gerz)

O OO0 Oo ¢ 0

O

E (e

69
6.5

70
70
70
70
70

70

Q:W N WY k4742 19 ‘—“>j>érmm( = (70-‘5“‘”’6/1




(65 FLOW RATE £3) (vides) .

= 7O vwban

P onsein = WNERlae
T= 15.5°C
GS e dyke = 162.5 w7

‘;D\/kz UGA)?_CI.B%A~ QDA‘QQQR_WZQC[ Q/"LO =0
Ls | Prosouein =
Pl = 68 mbenafien 418

émd(mmw Tﬁ%_ ﬁaww£&<wﬁaﬁ

GO .84 o
o0 50 A P )
0 1/ 04 .49 O
150 . 1?48 2l O
Y745 R0 .16 O
460 K/ 58.08 O
410 » R4 ol o
435 4’29319 O

R (mban)

69
635

70
70
70
70
70

70

Qule olesed 04722 19 = Phoogl = 70.5 Wb .

l.06.1339
o



el

(€5 FLow RATE 20) (uide) i

P = 30 00

-
T-_: ‘%6°C.

Dyhe valse. clssed - WQMMQ .

U:_—> P L
| —Phlmxvuz[:

Aol (oo T ’“Pmm(méen) — (b
<20 8.65 s ﬁg : (ks
/50 g2 9% S x
2D 41 29 5 K
x b : 4(.95
X745 1193.97 . 5.0
460 1/42.64 - ars
410 1’54 0% 5 us |
435 27 19.09 o Ay

Gke clesed oF 2713 08 => P s

I.06. 838 (.

b



‘(éé\fiooa RATE14§I> (vides)

® | Pyl = 100 ks

206 743 0 =3
-~ 250 8.7 0 o
200 3546 o 1eo
350 56.49 O 160
2745 /10.0% O 190
4o0 /9567 O 0
410 /%474 O - 1©0
495 ) 55 42 O 1O

Qoke deted ak 155,08 =>"Fy 1 = 107 ofar

. 06.1844

L —



(8% Fow RATE 3% ) (bidds)

FPﬁ]mm[: %oy mbn | .\_

—me = (me&%@’ﬁ!mm

T = |8.7°C
CS e dyke = 16% uw?

"Duke valve dosed - Qake eteed af k=0
[ —PW = 73%{)@4@1 4709

Auel (o) Towe "PW ((méban) “PW (wilag) ®
900 10.0% o &y =
250 25 %4 O o
300 44 8l O 0.5
250 1720 .41 o) 0.5
V74 S 1741.59 O 80.5
400 2'07.65 O .5
410 <89 16 O 0.5
hoo 25812 o' 0.5

Qpe clered ab- 2753 1% = Pyl = 8 787 °




wseiere (R P (wban)
270 - 15.03 O 52.5
e 4% 958 O 59
10 | 704 . Ql O .5
250 2.7 @) 5875
V4.5 %720 18 O Se
400 4/ 29 48 O S
410 57/16.7° O Ne!
425 7’34 |6 O Ne

o Whdssedd 7734 16 ;»)“szeo.%méﬁ

Il.06.0839

() . yé/
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TRIRD SET OF FLOW RATE MEASUREMENTS
14 Toee 13999 |

¥ atreesdutic pusine
‘ @S Audh e Losewelr = H =16 we = 293 (mw?
6% ueille vz dyke = 253 on |

&S FIoW RA‘I’@ ( bides)

- - 17.9°C
6% pedyhe = 253 o7

Dk volse desed - Qpke opevad oh- by = O
del (o) T Py, (k) TR (wkad)

375 14.70 O 493

20 412 O 49.5

S 1]2.65 O 485
250 1/50.75 O S0
v 2.9 O 50
: 400 V4o 84 o 50
410 4'%0.70 e 50
425 G'n 76 o 50

Opk deeda6/00.76 = T = 51.5 by

¢ 14.06.1899



N— -

P seat -Yzoimswﬁm

T=1%.0°C
6% b dyke = K605

Dyhe valse olosed- ke eperaed ak ko = O
doe (o) Tome Py (whad)

975 73| 70
200 2019 70
225 35.5] 7o
350 53.9¢ 70.5
275 /155 70.5
40D 4251 70.5
410 I'57.20 71
435 Q' 3P.06 7

kadggda/re?’&?.oes = Tl = 77 mbap
BS FLOW RATE 26 (tides)

@
P _ — o
; | = S0 b *ﬁ.l&lc
P usetincis = Abnaspiouc GBS tv dufke = <2605 Mw?
ke valve desed - Qoo speread ak b = O
Aol (o) e Py f (wban)
975 523 S0
00 14 46 30
295 <5 .19 ')
350 57.65 '}
Y75 S1.40 0. 95
4¢e0 1’ 08.58 0.5
410 /IZ8y 905 o
435 1728.49 a0 I5

Qo desed ok (73898 =P/ =SI.5Wmbap D



J j:&mmd‘ lOOmg@ﬁ' '1-’-_—.18.0?°Q
m=0157@%\56{%£ G% e dyke = <61 o2
Duke valve closed - WWMFO~O |
Aovel (o) “Tome “P&[mz(m&a)

L75 4 54

300 l?0.%6 l('DO

325 <l .36 1O

350 3| .26 100

175 43 93 100
400 57.1% 1CO
» 410 |'04 .92 100.5

425 I/ 2. 66 160.5

Quole deed o 722,66 => Pl = 10° wéan

(65 Frow #ATE 38 (sidus)
l’?w - 80 (Ynéﬂ? * T= I8 @°C
Fgsonsein = Toaphoic CS bedyhe= #61.5 e

Mbﬂibede%ed Q,u/fegﬁaemzddfﬁ =0

275 5 56

20 6 = 8@
295 9775 e
250 49 . 98 T eR4s)
375 SR8.7] 80.5
400 11187 0.5
410 |128 87 8.5
435 1'55.56 & 5

“Qo/@ec(e%ﬁdd’lb’s.‘% = Py {:8.‘3/(\@@612 »
14.06.1899



ol = ©0 Whan T= 18.3°C
—meerz:Qﬁ‘@WC GS v dyke = 260 w7
Dyhe valte desed - Qpke sead ok o <O
Al (vord  Tome g (AW

K75 8.49 5.5
200 2%.8% 50.5
235 49 4% o)
350 1704 .84 60
375 151 U 60
400 D! 06.9% 60
4(0 $197 .25 o
45 216 .33 60

Qoke dlssed ok 3716.33 = Py [ = 61.5 (mkap

&S Flow RATE 40) (bidw)

’Pw: 40 tmban T__.' 18.3°C

P . alwasspasic S e dyhe = 261 mor?
}qmm@m-wweawbzo

A75 155 %57.5
20 ‘ 48 .39 28
RS [/99 .6 3%
250 206 . 8> 22
%75 Y53, 6¢ %8
4O &/ 3\ . o7 28.95
410 9/ [ 5@ 28.25
4%0 247 45.%0 28.25

Qok desed of= 570240 = TF 1= 2 5 widan

(4. 06. 1889
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C% FLOW RAT@ (bides)

’P(IUYIMZI 50 (mgﬁﬂ

Praseon = 45 wban

T = 18.6°C
GO e dyhe = 1335 wmw

DyHe valve dosed - Qe opesad af by = © = Pesenvein =
—P feoany
® ol (tron) TTome Foserery (mban) Pl (402D
175" 2,93 22 445
260 39.90 LAt 50
25 109,96 09 0
250 I731.99 29 50
L75 2/ 08.4% 2% 50295
200 200 62 29 50.5
235 4109 .99 o2 50.5
"0 6712.40 00 50.5
375 o/ 39 £5 20 505
8% 0 14/ 25 97 0ed 50.5
B w87 29 50.5
288 S 29/3% 67 2P 50.5
3 . %04 .05 ad 50.5
Qake desed ak 25704, 05 iy ;= 51 wmban
—P/Lz/sum =
14.06.1489



o> = MH‘—:ID (Vs
PPW: 70.3_75’(‘(%@&(? ‘

Plasewen = $0. 75 wban

T = (8.7°C
ce (md%gz (39S vz

Dyke valve doswed - Qoleopeed 0k by =0 = | P, . =

Phtoul =
ol () T Ty () T uban®-
(S0 562 255 e
|75 Y45 235 70
60 2327 (7) 235 05
995 1% 70 %35 7l
250 4697 235 i
75 |102L.2Q0 £35S Z|
250 /R .4 | 2325 7]
595 |/ 4446 93 45 715
~E0 9114 94 23.95 715
375 D143 6% 24 715 ®
400 /95 54 <<€ ' 71.75 -
410 410%.7 0% 7175
495 S0, 7 22 7175
Qute desed ob 571270 — | Py~ 75 5 (wbas
P = wmban
14. 06 . mﬁ. |



@ Fow MTEZS) (uis)

Prosasonn = U wban
T = |8 .8°C
G%Md,\ihe: (B2, 5 (w2

Dyhe valve dosed - Qafe spestad b by = 0 = | Py, s =

Pl =
Bl ) e T, (vben) P (viban)
IS0 % .85
|75 .86
260 \4 .77 4.5 90
425 2 .55 S|
K50 29.3% 4 =Y
75 3g. 87 24 31
200 S0 .1« 4 LY
335 1702.74 24 QL5
- 80 /18 .96 23.75 9.5
& 575 1/ %5 27 2375 3!.‘5_
400 I/ 56.60 X5 -
410 2'08.78 2.5 9.5
4255 23727 25 9.5
Qoke clesed o 212797 —> | P, = ke
P = R).75 wkay
(« | | | [4. 06,1534

o



’PE [ = |co mban
Proscuon = 2075 wkan
T = 13.2°C

6S v diyhe = 13,5 b

ijkgoalbeds&ed-Q)n}eepemdo}Lo=o => —Pre_ =

S0

|75
200
425
<250
75
200
235
H50

375

400
410

435

"'P
Mool =
Aarel (Mon?) Tome Poseasere (fmgan) —Pélmmd (mgefz\). |
3.50 4 -
1%.]9 oé:S Ive
£6.%8 245 'O—O
34 59 24 LOO
4% 74 24 | fe]e)
54 3% 24 leje)
1/07. 5 | 24 GO |
|/ . 79 24 GO ®
1722 49 24 s RS oo -
142 751050, 70 (7)) L9 [ee
D! .6 ¢ joe

Q@/‘ﬁd@%@ddra?/“'e‘? == | P {zloa%wéefz

Prsewen = U 75 wban

4ob.mas @



S
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FLow RATE 45 ) (uides)

’PE | = 8o mban
’—P(wxwec'/z= o?/ﬂ\n(ﬁrz
T = 18.9°C

GO e dihe = | D2 5 (w7

j)\/kﬂ()ﬁjl)ed.@&d~ QQ/‘QQMM (L“ “o‘:o = —_PPQQ:EQDQUZ:

|

Olonl (o) Te Ty rbar) T e

150 445 4
|75 0.62 04
200 [7.65 °24
995 L7 X7 <4
75 49 77 04
2350 110414 24
335 30, 20 24
250 41 .17 2.5
Q 35 2'05.55 295
400 Q'35 |5 245
T - 410 < '54.50 225
495 3'37.0% 295
Qoledesed ak 22,7 02, —, Pl
"P )



Q@%

FLOW RATE"49 ( bides)

Dye valve dosed - Cohe opered af by = 0 =

1%Mwﬂ=cv%%w

T=1338°C

G%&HW%=‘3¥5WW7

Aowel (tmon) Tome

(50
|75
200
425
250
275
200
2335
7”50
375
400
410
430
435

5. 39

14 .07

45 .44
23 a8
4. 74
1/15.5%
174(.19
2 '1%.97
= '58.75
410\.46
S/37. |7
7/04.04
(0712 5%
9745 .73

Toseaelr (m@an)
Rae)

2%

<
<>

23
2
2
<%
3

2%
<>
73
40
€D

P ol (mgaxf/
L |

8.5

N
53

ey

53 5

58.5

53.5

60

60 ®
60

60

&0
&0

Qe clesed ok 19745 78— Py = SO ks

’_P

(RN,

— 8 ban

14.06. 1534 ®



(Eo_riow wre 7)ode)

® P = 40 Mokee

Y = 3 wmban

2R
T= 1§.9°C
GS e dyke = 132 move (63 il ov wally)

~ Dyhe valse desed - Qoke ofeseed ke by =0

[ —?Mge“ﬂ',z =
GD —?@mwd:
Aase] (tonsnt) Towe opseaneip (T500) .7%mml@mgﬁ
150 0,93 R 20"
[7s 2. 2% oA 24.9
X80 51.89 A7 40
K14y V)54 .64 29 40
250 « /09 46 24 40
75 3%7.06 7 40
300 5758 .8 2% 40
& N5 W le. 45 2 40.5
37 16’54 . 79 <0 | 40. 5
BIES 2409 .66 20 40.5

Qole olewed ok 24/03.66 = | Pl = 41 wban

Prowmen = 2 wndan

(4.06. (499

P



6o FLOW RATE 48 ) (uides)

 Dyhe vale doted - Qoke opesead ak ko =0

e | Viosenoste =

—Fﬁmmv&l = .~
Aowel (toroet) T —?WC ) —P{m“d (ke |
195 16 .83 .75 S
156 %14 31.75 Y
|75 47.948 3.75 5.5
A0 1/10.56 >1.75 51.5
95 1741 .64 A5 59
250 2/9%.57 2) < =5 o
475 Y 27 60 3.5 59
300 5’08.4% 2.5 59
A5 815,35 35 52
439 5 (D712 4% IR 59.5
545 A SR 3.5 595
U465 23 OV. 7Y YA 5.5
346 39 0.3 3.5 595
P sensin = 99,5 mbn

o
L 56 wmlkag Xk abvaspfianic postane,
S Ge duyke = <99 (wov
¥, -;:%Qméem dy
T= 183.%°C
GCS UYLdJ/kﬁ: &1

(5.06. 1939



@ Fow MTE 43) (vide)
° Pl = 70 wikan T= 18.5°C

P, o= ASME” G ise dyhe = 7 mone

ZDJ/H,QUGAJEC@%C‘-QQ}QWQJ"‘B =0
Augl (v Tome o, (abad) T (ha)

To 574 24 70
125 0.9 34 7.5
,, 150 19 .89 2 5 7l .
" 175 23 .68 235 715
200 41.0% g 73
995 56.%3 £ 7
250 V(3.2 A5 7
975 oy U 2.5 725
20 2'00.%8 215 725
250 Y 14,87 5.5 72.S
275 4'08.%8 3.5 7S
¢ 40 6'10.57 315 RS
425 '3 4| 3.5 2.5
Ooke dlosed ok 8734 41 = | P = 735 wabhs
Prosersein = 28 .25 wmkan
) (5. 06. 4%



N— 2

Pl = 30 mban T= 18.6°C P
Proseaseiy = 93 A5 mban GO bedybe = 76 v "
Dyhe valve desed - Qube spemad ok F, =O
Aol (vor?)  Tome L (tvoban) g (Me0)
30

16O 4.3 %.5
125 8.54 35.5 8o
150 1% .28 35 0.5
|75 19.6% 24 a
200 26 .46 34 a5
2AY 34.75 24 aLs
250 44 .89 39 5 Y
K75 56.%5 %9 49
fove 1108.96 27 q°
L5 I'?6 .15 %9 99
%50 144 17 29 99
Y75 2'05. 40 29 99
400 °?/?)°?7‘ 39 [y
410 £ /48 .68 229 WXy q
4%5 377 39 995 -
Qﬁkde%edw(' VYR I7 => FPW: 4% wéan
P ez = 2225 mba
i5.06. 1338 @




Gs FIOW RATE 51 ) (bides)
» Pl = 100 mbar T 18.6°C
o= 3 25MEAr G inedyke = 74 o

“Byke valie closed- Qobe sgeved ok k, = 0
Aol (o) Tone  Tggpe, (wban) T (i)
X6 lco

50 4 .27

25 7. 80 36 o0

150 9 47 26 160
o 75 I7.63 34.5 [00.5
800 23.95 35 100.5

295 >l 88 245 1T

Q50 40.57 3975 1
L75 50.4¢ 3275 l01.5°

200 [/01.38 27.75 [O¥

325 1714 79 .75 107

250 173058 %2 75 102

375 [/47.86 22.75 10

460 2/03.48 395 e¥s

L 410 200 NP 2.5 107

4o /498 5P 395 Tol

Q@j‘e esed ab 2748 520 = —Pﬂlszm{: lO%ﬁYLge/?
":P .

— 90 .25 mikay




NeM— T Sy
P = §Ombar T= 18.8°C o

"Dyka valve deted - Qade epead all by = ©
Aol (vat)  Tme Prosoany (W0) @néeﬂ)

10O 5, %5 78
RS 0. 72 25 2

150 tvaisRed %5 | 79

75 85 .46 25 745

00 D5 4% S AS

P A%) 47 1% 395 &0

450 100 .27 395 &0

275 (6. 76 hR.5 &0

20 11%6.36 295 80

375 Il 59 < 395 20

350 A7 395 80

275 '04.84 %95 0

400 %49 65 0.75 & <
410 4'15.945 0.75 8.5

435 S84 .0 %0.75 5.5
Qake closed af 5'2%. U —> ’szaoﬁméan

P .~ 29 25w

o
5. 06. 1434



(6> Flow RATE 5’*5) (bides)

T =18.8°C

"’“PE = 60 wfan
8% Gve diykte = 74 w7

= X9 .95 whan

P D=

Duhe valve clesed - Qoke operaed ol by <0

Aavel (tom) Tme P o (k) T ()
1GO 7. 96 24 60
125 4 .52 % 60
IS0 Wisted 24 0
|\ 75 36.0¢ 34 &0
200 .65 235 60.5
25 1/08.96 3T 60.5
250 1’%%.58 A5 6l
275 R10%.75 2.5 sl
200 {'4%.44 3.5 8|
>S5 327 .28 3LS 6l
350 504.20 315 6l
375 7'42. 70 3.5 6l
337 254 .07 315 S
400 18/ B4.69 35 ol
348 .5 5’ to. 0O NS 61
294.5 XB'35.45 2 gl

Qode desed 0k 625 45— Pl _ &1.5 wmhan
P i, = 2925 mkan

|5 06.1839

/;L/ -



Phyon = 4O mhae T 18.0°C o
P .= ¥.Smban S oedyke = 73 wow

%MWC@M-W@WO}Q =0
Al (wo)  Towe T (mban) T (e
| LY

fo.0 .99 329 45
195 6.9 39 45 9.5
150 47 97 2925 235 @
75 /1578 39,95 40
200 1/58.69 39 95 40
2,95 ¥ 4.8 %P 25 40
250 6/17.8% £ 405
257 l0’04. 8l 24 40.5
25 4 20 8l 32 40.5
260 19750 .07 2 40 5
260 23'58. 14 32 40.5
Qole dsed oF 2%/58 14 "szmméan ®.
| Thseep = 2025wl




(&2 _fow MTE =) (i)

® Pl = 7O kg T= 19.9°C
Prasemein= 90 75mar CSiedyke = & tow
—;Di/kﬁ veloe clesed - QQ‘QSW(W[%-O
Al (von) e TR - Guban) ’PMMM)
25 ¢.69 -
5O 6. (4 - -
| 75 10.39 - 70
- 16O 6.7 48 70
125 2. 52 455 Al
IS0 3%.69 45.5 71
|75 46 .09 45 5 7.5
200 V0069 45 7
25 1717, %1 45 7
250 1740 12 44.5 74
75 210 . 14 44 25 7
360 2/ 47. 84 44 7
9 2,95 LT AL 44 7
350 4/51. 938 44 785
o743 6745 .23 44 2.5
N 834 9 44, 7o 5
400 10748 . 19 44 2.5
406.5 13799, 34 44 RS
410 19" 29 573 44 FEAY
414 26’ 00. 56 44 75
414 1 4o, %8 44 725
D Qpledsed ok 2174238 = [Py~ T 5wk
— 405wk

Fusencein 15 06,1409



!W WAtk o0 kUiMJLS)
Frenl = 3O S’tmén 18300 L
-+ = 40.75 wikan GSM@M-GW(MW
85 ov wallr)

‘Duyhe valie desed - Qade opemed ol h =O

Adisel (e

25
50
75
fvlo)

SO
\75
100
XS
250

75
200

295
250
375
400

410
45

@doﬁecle&dojr@o?ﬁog => ’sz

RS

Tovee P
2.%6 ~
4.89 -
2.0% -
05 48
(visRed 49
2.3] 48
X8 .07 44
25 91 44
4569 44
56 .53 44
|/08.75 44
(Wisted 44
1744 .29 44
< 08 .0l 44
2126 .84 44
2/19.58 44
Y34 67 44
424,098 44

?wwm

wasenneip (mban) ol (wkan)

g8
29
') o
VO R5Y
ql
Sy
315
9.9
a7
32
a2
99
a2
30 e
a2

92
a2

99,5 mban
- 23 9 whan

(5. 06.(338



(BS Frow RATE 57)  (uide)

= ‘OO(‘M«@GJ?
’?(Ilmmd
P ) :40.5(‘«1@&/\
ORIV

9 T = [4.4°C

G%(mdl/ka: 6 ggzg %ﬁ]ﬂ>

"Duke valve dlesed - Qobe opesad ab b =0

Aael (twsa) e Frppen M0 T (riben)
95 1.98 ) i
50 % .94 52 96
7S - - -
| [GO 9.57 - -
e RS 13.10 - .
150 17.07 49 aq
175 - . -
200 28 .64 445 | 0O
225 2702 445 Yoo
A50 45 1| 44 .5 |CO
X755 55.26 44.5 foe
200 1107.93 445 00,5
15 /). 28 445 (0.5
350 IV X7.64 445 1cO.5
- V75 |'S7. 44 445 (00.5
400 2’2 44 lco.5
410 2% .28 44 loo.5
495 %10.79 44 1005
Qokedssed o~ 310.78 = | Py 1= O] wmban
P senoein = 4° wibap
D
15 06.1939



“Dyke valve dered - ke epesnad ol Fo =©

ol (o) Tt Frpeuein (0l Ty (mban)
5 ?.%8 - 76
50 -

-

75 Q.28 48.% 74
) 7’ - ]
o5 7. 28 . )
150 23,85 45 80
175 - ) 3
oo 4145 45 8
225 5%.55 45 ¢
250 108 .16 4475 8!
975 125 .40 44.75 8|
20 174650 4.5 4.5
2195 2/18. 7! 44 .45 8.5
250 2/46.4 44.95 8.5
2175 33157 94 3.5
400 4138 9] 44 3.5
410 5729 79 44 &.5
495 5 /09 68 44 IRy
4055 7'37 84 44 8.5
R bag

Qoke clesed ok 772794 P =




(Gs FLow MATE 58 (vides)

® P = 60 whan TZ 18.5°C
P = 405mban GSEedyhe = 6 e

Dyke valve clssed - Qake spered ab by = ©
Awel (o) T2 B, (obad) T (mbad)

25 <2 0 49 5 n
50 .12 - 60
75 .04 - Gl
o0 - 465 6®
pn L5 D5 43 46 69
15O 2%6.0% 46 £9. 5
175 49 XS 455 6%
220 107 1D 45 5 6%
225 1799 15 4595 63
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I have reviewed scientific notebook 371 and find it in compliance with QAP-001. There is sufficient information regarding
procedure used for conducting the research and acquiring and analyzing the data so that another qualified scientist could repeat
the activity or activities recorded in this scientific notebook.

Ao = '42/‘” S

H Lawrence McKague
GLGP Element Manager




re /15 [a-o08

\‘\




