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A P P E N D I C E S

Appendix A Sand-pack Calculations for Sand pack Without Channel 

A.1 Pore Volume and Porosity Calculations

Without channel

7.0 cm

Volume of sample can be divided into three parts i.e. Sand-pack body, Inlet 
part and Outlet part.

Sand-pack body:
Inside Diameter 2.6 cm, Length 7 cm
Volume = • I.D.2 • L where I.D. = Inside Diameter, L = Length

= J  -2.62 -7.0 = 37.1650 cm3

Inlet part:

I.D. 0.5 cm I.D. 0.15 cm

Inlet part can be separated into three parts
1. Valve: Inside Diameter 0.5 cm, Length 0.6 cm
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Volume = — - I.D.2 - L where I.D. = Inside Diameter, L = Length 4
= ^ -0 .5 2 -0.6 = 0.1178 cm3

2. Connection: Inside Diameter 0.15 cm, Length 1 cm
Volume = - I.D.2 - L where I.D. = Inside Diameter, L = Length4

= J-0 .1 5 2 1.0 = 0.0177 cm3

3. Cone shape: Big cone, Inside Diameter 2.6 cm, Length 0.7647 cm
Small cone in connection,
Inside Diameter 0.9 cm, Length 0.2647 cm

Volume = ท
y

I.D. \ 2

■ L K
y

I.D.V
\  ^  J-  big cone

where I.D. = Inside Diameter, L = Length 
' 2 . 6

small cone in connection

ท
y \  ^ J

•0.7647 K f  0.9 Y
y y •0.2647 = 1.2972 cm3

Total Volume in Inlet part: 0.1178 + 0.0177 + 1.2972 = 1.4327 cm3

Outlet part:
I.D. 0.4 cm — I.D. 0.6 cm

โ I.D. 0.2 cm
เฒ!ร!ร!!liiliM 1

2.1 cm 0.1 cm 4.0 cm
Outlet part can be separated into three parts
1. Cap: Inside Diameter 0.4 cm, Length 2.1 cm

Volume = ~  - I.D.2 - L where I.D. = Inside Diameter, L = Length 4
= ^ -0.42 -2.1 = 0.2639 cm3
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2. Connection: Inside Diameter 0.6 cm, Length 0.1 cm
Volume = - I.D.2 - L where I.D. = Inside Diameter, L = Length4

= ^ -0.62 0.1 = 0.0283 cm3

3. Outlet end: Inside Diameter 0.2 cm, Length 4.0 cm
Volume = ^7 - I.D.2 - L where I.D. = Inside Diameter, L = Length 4

= J  -0.22 -4.0 = 0.1257 cm3

Total Volume in Outlet part: 0.2639 + 0.0283 + 0.1257 = 0.4178 cm3

P o r o s i ty  D e te r m in a t io n  b y  L iq u id  S a tu r a t in g  M e th o d
1. Weight of sample container, wcontainer = 31.02 g.
2 . Weight of dry sand sample, Wdry -  68.48 g.
3. Weigh the saturated sample, พsat = 113.97 g.
4. Calculate the saturated distilled water weight,

พwater พรat ~ พdry ~ พcontainer
= 113.97 -  68.48 -  31.02 -  14.47 g.

5. Calculate the total volume of water displaced in whole sample,
Lwater 1Lwater ! pwater where pwater 1 . 0  g/ cm

= 14.47/1.0= 14.47 cm3.
6 . Calculate the pore volume by subtracted the volume of water in inlet part and 

outlet part,
Vp — Vwater Vinlet ~ LOutlet

= 14.47 -  1.4327 -  0.4178 = 12.62 cm3.
7. Calculate the porosity,

(j) = Vp/Vb where Vb = Volume in sand-pack body = 37.1650 cm3 

= 12.62/37.1650 
= 0.3395 = 33.95%
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A.2 Permeability Calculations

พ+— — ► ---------------------------

Sand-pack body:
Inside Diameter 2.6 cm, Length 7 cm
Cross-sectional area, A = — - I.D}  where I.D. = Inside Diameter4

= —-2.62 = 5.3093 cm24

Absolute Permeability Measurement of Water
1. Record the water level difference in manometer under and operational flow rate 

measured by volume of water produced from the system in a period of time.

Experiment # 1 2 3 4 5
Volume of water produced, vw (cm3) 8 8 8 8 8

Period of time, AT (sec) 344 441 588 1 0 2 2 2727
Water level difference in manometer, h (cm) 3.4 2.9 2.3 1.5 0 . 8

2. Calculate the operational flow rate in cmVsec and pressure drop in atm. 
For Example: Experiment # 1

2.1 Operational flow rate in cm3/sec.
Volume o f water produced, F (cm3)Flow rate = --------------------- —--------- ------------Period o f time, AT (sec)
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= —̂— = 0.0233 cm3/sec 344
2.2 Pressure drop in atm.

Level of water in manometer, h = 3.4 cm = 0.034 m 
Pressure drop = p g h  , when p  (density of water) = 1000 kg/m3

g (gravity force) = 9.81 m/s2 

= 1000-9.81-0.034

= 333.54 Pa---- = 0.0033 atm101325 Pa

Experiment # 1 2 3 4 5

Flow rate, Qw (cm3/sec) 0.0233 0.0181 0.0136 0.0078 0.0029
Pressure drop, AP (atm) 0.0033 0.0028 0 . 0 0 2 2 0.0015 0.0008

3. From Darcy’s Law, the equation can be rewritten as followed,
&  = k a p
A P  L

where Qw is the flow rate, in cm3/sec, A is the cross-sectional area = 5.3093 
cm2, K is the permeability, in Darcys, p  is the water viscosity = 1 cP, AP is the 
pressure drop, in atm, L is the length = 7 cm.

Therefore, a plot of AP/L and QJA give a slope of K/p.

Experiment # 1 2 3 4 5

AP/L (atm/cm) 0.0005 0.0004 0.0003 0 . 0 0 0 2 0 . 0 0 0 1

Qw/A (cm/sec) 0.0044 0.0034 0.0026 0.0015 0.0006
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4. Calculate K  from slope,
Slope = A7//, when Slope = 10.457 cm2/.atm sec and /r= lcP  

K = Slope // ะ= 10.457 cm2/atm sec 1 cP
= 10.457 Darcys = 10,457 mD~ 10,460 mD

A.3 Fluid Saturations in Sample
Based on the Frontal Advanced Rate (FAR) of 2 ft/day, the flow rate used in 

the experiment was calculated into cm3/min by
Flow rate = A FAR (เ) when A is the cross-sectional area = 5.3093 cm2

FAR is Frontal Advanced Rate = 2 ft/day
(f) is porosity -  0.3395

7 r,  ท , ,  30.48 cm 1 day 1 hr n ท ท ท ทFlow rate = 5.3093 cm2 2 ft/day--------------- '  - — 0.33951 f t  24 hr 60 min
= 0.0763 cmVmin

In order to saturate the sample 1 PV, the approximately total time was
Pore volume, v„Total time for 1 PV = ----  ^— -Flow rate

12.62 cm3 1 hr
0.0763 cm3 / min 60 min

= 2.76๒-
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The sample was saturated first with water and then oil under this flow rate. 
To correct end effect, high flow rate of oil was used in the last step. The total water 
removed after saturated with oil was measured in order to calculate the initial oil 
saturation and the irreversible water saturation in the sample. Initial oil saturation in 
the sand-pack body was calculated from the total water removed subtracted by water 
in the inlet part (1.4327 cm3) and the outlet part (0.4178 cm3).

Total water removed = 13.30 cm3

Initial oil saturation in the sand-pack body = 13.30 -  1.4327 -  0.4178
= 11.45 cm3

Irreversible water saturation in the sand-pack body was calculated from the 
pore volume, Vp (12.62 cm3) subtracted by initial oil saturation in the sand-pack body 
(11.45 cm3).

Irreversible water saturation in the sand-pack body = 12.62 -  11.45 = 1.17 cm3

From the above calculations, the percentages of initial oil saturation and 
irreversible water saturation in the sand-pack body were calculated by

Initial oil saturation = เ^'^^ 100 = 90.73%12.62
Irreversible water saturation = - - - ■ 100 = 9.27%12.62
Aftér flooding process, waterflooding was proceeded in this sample, the 

amount of oil recovery was recorded to calculate residual oil saturation and oil 
recovery. Oil recovery from sand-pack body was calculated from the total oil 
recovery subtracted by oil in the inlet part (1.4327 cm3) and the outlet part (0.4178 
cm3).

Total oil recovery after waterflooding = 10.50 cm3

Oil recovery from sand-pack body = 10.50 -  1.4327 -  0.4178 = 8.65 cm3

Residual oil saturation in the sand-pack body = 11.45 -  8.65 = 2.8 cm3

8  65Percentage of oil recovery = 100 = 75.55%11.45
Percentage of residual oil saturation = -  ---- 100 = 24.45%11.45
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A p p e n d ix  B S a n d -p a c k  C a lc u la t io n s  fo r  C h a n n e l sa m p le  #  1

B . l  P o re  V o lu m e  an d  P o r o s ity  C a lc u la t io n s

Channel sample # 1

Inside diameter: 0.23 cm

C h a n n e l v o lu m e:
Inside Diameter 0.23 cm, Length 9.5 cm
Volume = - I.D.2 ■ L where I.D. = Inside Diameter, L = Length

= J  -0.232-9.5 = 0.395 cm3 

S a n d -p a c k  b o d y :

Volume -  — • I.D.y,vringe ■ L syrmge -  — - O.D.chame1 • Lchanne1
where I.D. = Inside Diameter, O.D. = Outside Diameter, L = Length
= ~ 2 .6 2 -7.5 -  ^  0.412 -9.5 = 38.565 cm3

Total Volume in Inlet part: 1.4327 cm3 (from Appendix A.l)
Total Volume in Outlet part: 0.4178 cm3 (from Appendix A.l)

Porosity Determination by Liquid Saturating Method
1. Weight of sample container (including channel), พc o n t a i n e r  = 38.22 g.
2. Weight of dry sand sample, Wdry = 71.28 g.
3. Weigh the saturated sample, WSat = 124.47 g.
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4. Calculate the saturated distilled water weight,
wwater -  พรat ~ พdry ~~ พcontainer

= 124.47- 71.28 -  38.22 = 14.97 g.
5. Calculate the total volume of water displaced in whole sample,

c water พ̂'พater /  pwater where pwater 1.0 g/ cm
= 14.97/1.0= 14.97 cm3.

6. Calculate the pore volume by subtracted the volume of water in inlet part and 
outlet part,
พp Vwater ~ LInlet — VOutlet

= 14.97- 1.4327-0.4178= 13.12 cm3.
7. Calculate the porosity,

(j) -  Vp/Vb where Vb = Volume in sand-pack body = 38.565 cm3 
= 13.12/38.565 
= 0.3402 = 34.02%

B .2  P e r m e a b ility  C a lc u la t io n s  
S a n d -p a c k  b od y:
Inside Diameter 2.6 cm, Length 7 cm 
Cross-sectional area, A = — l.D .I- -  — -O.D.2. I’  ^ syringe ^  channel

where l.D. = Inside Diameter, O.D. = Outside Diameter 
= 2.62 -  ~ 0 .4 1 2= 5.177cm2

Absolute Matrix Permeability Measurement of Water
1. Record the water level difference in manometer under and operational flow rate 

measured by volume of water produced from the system in a period of time.

E x p e r im e n t # 1 2 3 4 5

Volume of water produced, Vw (cm3) 8 8 8 8 8
Period of time, AT (sec) 332 400 535 807 1641

Water level difference in manometer, h (cm) 2.8 2.5 1.8 1.5 0.7
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2. Calculate the operational flow rate in cmVsec and pressure drop in atm. 
F o r  E x a m p le : E x p e r im e n t #  1

2.1 Operational flow rate in cm3/sec.
Volume o f water produced, F (cm3)

Flow ra,e = ------- r l i o d Z ^ m , ๙ ,

= —̂— = 0.0241 cm3/sec 332
2.2 Pressure drop in atm.

Level of water in manometer, h = 2.8 cm = 0.028 m 
Pressure drop = p  gh  , when p  (density of water) = 1000 kg/m3

g (gravity force) = 9.81 m/s2 
= 1000-9.81 0.028

= 274.68 Pa---- ^ * — = 0.0027 atm101325 Pa

E x p e r im e n t # 1 2 3 4 5

Flow rate, Qw (cm3/sec) 0.0241 0.0200 0.0150 0.0099 0.0049
Pressure drop, AP (atm) 0.0027 0.0024 0.0017 0.0015 0.0007

3. From Darcy’s Law, the equation can be rewritten as followed,
Qw _ Kma1ruc Ap  
A ~ p  L

where Qw is the flow rate, in cm3/sec, A is the cross-sectional area of sand 
pack body subtracting the channel = 5.177 cm2, Kmatrix is the matrix permeability, 
in Darcys, p  is the water viscosity = 1 cP, AP is the pressure drop, in atm, L is the 
length = 7.5 cm.

Therefore, a plot of AP/L and QJA give a slope of Kmatrix/P-
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E x p e r im e n t # 1 2 3 4 5

A P / L  (atm/cm) 0.0004 0.0003 0.0002 0.0002 0.0001
Q w / A  (cm/sec) 0.0047 0.0039 0.0029 0.0019 0.0009

0.0000 0.0001 0.0002 0.0003 0.0004
A P / L  (atm/cm)

4. Calculate Kmairi1 from slope,
Slope = KmairJ n , when Slope = 13.627 cm2 /atm sec and เน. = 1 cP 

Kmairix = Slope JU = 13.627 cm2/atm sec 1 cP
= 13.627 Darcys = 13,627 mD .

5. Calculate Kchannei from the following equation,
^ channel = 2 0  ■ น)61.D2channe1 where I.D. = Inside Diameter of the channel in inch

Kchannei =  2 0 - I Q6 0.23 cm 0.3937 พ ่^2 
1 cm 163,990 Darcys

6. Calculate K a v e r a g e  from the following equation, 
c ( A ~  A 0 1 1  channe1 )  +  K cham e1A 1 _ chame[K a v A  =  K m alm ,

(*■  2. ๙ ] = 13.627-
J V~ 2 . 6 2 -  ^ -0.412j+  1 6 3 , 9 9 0 -0.232

.'. K a y  = 1296.63 Darcys
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