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b) Given the information in the table below, calculate the STOOIP in
the reservoir formation. Show all your working and justify your

method.
(8 Marks)
Unit Thickness (ft) | Porosity % Water Net-to-
Saturation % | Gross

Sc 25 1 1.0 0

Sh 25 2 0.95 0.10

N a-d 100 12 0.3 0.50

E 65 18 0.15 0.88

R a-b 184 15 0.45 0.78

D 250 ) 0.95 0.12

Conversion ft to m = 0.3048
Conversion m? to barrels = 6.285
Bo=1.22 STB/RB

PeweHue:

Aria for Sc (Unit) = 180 000 m”2
Aria for Sh (Unit) = 420 000 m”2
Aria for R (Unit) = 800 000 m~2
Aria for E (Unit) = 1 550 000 m”2
Aria for N (Unit) = 2 700 000 m”2
Aria for D (Unit) = 3 900 000 m~2

(Mo ycnoewuio, Bam nnowagb nnactos AaHa. B cnyyae,
KorQa gaHa CTPYKTypHasi KapTa, paccyuTbiBaeTe C
NMOMOLLIbIO KapThbl).

Estimate the hydrocarbons in place.

MnacTbl Sc, Sh — BEpOSATHO, NOKPLILLKK, MO 3Ha4YeHUsM N/G 1 Sw, Bbl BUANTE, YTO 3TO HE KOMMNEKTOP (MMUHbI), 3HAYUT B pacyeTax
STOIIP, faHHbIe NNacTbl y4acTusi He NpuHMMatoT. MNMnacT D — BoAgoHAaCbILLEH (Kak B Cryvae 3agavm Ha TPEHMPOBOYHOM 3K3aMeHe).
3HauuT, pabotaem c nnactamu R, E, N. Oco6eHHOCTb 3a4aym N1Lb B TOM, YTO NPUCYTCTBYIOT NNacTbl C pa3HbIMM CBONCTBAMM.

NTak, nepesoanm goyTbl B METPbLI U COOTHOCUM CTpaTUrpaddMYECcKyto KONOHKY C HaLLen CTPYKTYPHOW KapTon (B criydae, ecnm
AaHa KOMNOHKa U yKasaHbl MHTepBarsibl BallnX nNiacToB).

layer R E
Aria 800 000 1 550 000
Height 22,5 42,5

D,anee, nepexogum K4actu, raé y MHOrmx BO3HUKIIN 3aTPyaHEHUA.

N

2 682 349

72,8
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Bale npaBo, Kakum cNoco60M BOCMNONb30BaTbCA (paccunTaThb NNowaamn TpeyronbH

3000000

MKOB Unun Tpaneunmn minm npumMmeHnTb

TerOHOMeTpVI‘-IECKVIﬁ noaxon. Ecnu pewinTe 4yepes niowaab Tpaneuun, He 3any'ra|7|Ter: H-p, CTOPOHa Ansd Tpaneuuu

nnacrta E = 42,5-22,5m = 20m).
Paccuntaem GRV ana nnacta R (cM. ¢h-ny npAMOYrosibHOro TpeyrosibHuKa).

[MpAMOYroAbHBIN TpeyroAbHUK
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Paccuutaem GRV gnsa nnacrta E: (gnsa 6onbliero TpeyrornibHUKa E&R U BbluTeM GRV, paccuuTaHHoro Ans R,

nony4um o6Lem nopog ans nnacra E). AHanorn4Ho, gnsa N.
GRV ansa nnacrtaR = %( 22,5m*800 000m”2)= 9 000 000 m~3

GRV ans nnacta E = %( 42,5m*1 500 000m~2)= 32 937 500 m”3 - 9 000 000 m”3 =23 937 500 m”3

GRV ans nnacta N = %( 72,8m*2 682 349 m”2)= 97 637 500 m”3 - 32 937 500 m”3 = 64 700
Total GRV =9 000 000 m”3 + 23 937 500 m"3 + 64 700 000 m”3 = 97 637 500 m"3.

000 m~3

He 3abbiBaem, 4TO Hac MHTepecyloT 3anacbl HedpTH, a 3Ha4YUT, KO3 pULIMEHT So (B yCIOBUM AaH K-T Sw).
STOIIP (R)= (9 000 000 m~3*0,78*0,15%(1-0,45)) / 1,22 = 474713,1148 m3 wunu 2 983 571,9262 BBIS

AHanoru4Ho paccumtanTte ans nnacrtoB E, N. OTBeTbl faHbl HUXe.



Calculate GRV for layer U3.2

I Layer U3.2
Depth (m) Depth (ft) Area (m2) area (acre)
1300 T 4265.09 0.00003 4.40997
1320 4330.71 | 0.00011 16.1699
[ 1340 : 4396.33 0.00045 66.1456

Example of calculation:

After area of each layer of the field is obtain we plotted graph depth vs area, refer to figure2.x for
example of layer u.3.2.From the graph, volume of each layer can be obtain by calculating area under
the graph. Total of volume for each layer represent GRV value. Example of calculation is shown
below

-1280
Area under the graph U3.2: 11290
Area of triangle = %2 x (4396.33-4330.71) x (66.1496- 50,1
16.1699)=1639.833957ac.ft 11310

Area of trapezium = [(66.1496-16.1699) + (66.1496- 1320
4.40997)] x (4330.71-4265.09)2=3665.511217 ac.ft 11330

Volume = area of triangle + area of trapezium= -1340
1639.833957 + 3665.511217= 5305.35 ac.ft 1350 —

* Y Bac Ha MOK 3k3ameHe bblnia aHanormyHas 3agaya, Tofibko HECKOSbKO NiiacToB. [ KaX4oro HyXHo BbIno paccumTartb GRV.
* B npumepe Ha Balu BbIGOp: MeTpryeckas cuctema Unu aHrnmncKkas.



Given the following parameters for a well:

Top reservoir 7 800 ft
Oil-water contact 9 900 ft

Area of hydrocarbon accumulation 53 sgq.m
Net/Gross 30%

Average porosity 18%

Average water saturation 25%
Formation volume factor 1.15
Estimate the hydrocarbons in place.

Xopa peweHus (3apgaya anemMeHTapHas):
- Haxoanm o6bem nopog (GRV), 3Has rmybuHbl kposnu pesepByapa 1 BHK, nnowags ;
- Net/Gross, Average porosity, Average water saturation nepeBoaumM B JONN eANHULL;
- Haxogmm cpegHumn koadppurumneHT HedpTeHachbIWweHus: So=1-Sw;
- Pacuet no oopmyne o6bemMHbIM MeTo4oM ([TOMHMM, eCriv B METPUYECKOM cucteme, To 6e3 KoadhpuLmMeHToM, ecnv B
aHrMUNCKon cnucteme, To ¢ KoadpuumeHTammu. Cm. oopmynel B gon crnarngax nmbo B MaHyane). (byaste BHUMaTENbHbI,
nnowiagb aHa B METPUYECKON CUCTEME, TOraa, Kak rnyOuHbl B aHrmunckon cucteme. Heobxogmmo npuBecTy napameTpbl K
eanHom cucteme. Cm. nekunu nnbo gon.crnanasbl.).

* The gross rock volume (GRV) is the total volume of rock between the mapped top surface that defines the top of the reservoir or potential reservoir and the
hydrocarbon contact or expected hydrocarbon contact.



Drilling has revealed a shallow marine bar sandstone. The palaco-
coastline is ing from north west 10 south cast. Appraisal
drilling has the thickness of this unit in § wells. You
have the data for the gross isochore thickness in those wells.

Well metres East Thickness

1 6500 3000 0
2 2000 15
3 1500 5
+ 3000 5
5 S000 0

Net:gross = 75%

Porosity = 20%
Average Water Saturation = 30%
01l formation volume factor = 1.1

1 m3 = 6.285bbls

Where would you drill the next appraisal well and what thickness
of sand would you expect 1o find at that location? Q)

Estimate the hydrocarbons in place.



Draw a map of these data

X (m East) Y (m North) r (m) Using the following techniques:
600 3K 50) (i) Mechanical contouring (triangulation)
100 1Y) 13 (ii) Manual contouring
50) 120 '
65 23) )
) six) 19
125 635 Z — 3TO MOLLHOCTb;
25() 700) 33 - OTKNaabIiBaeM TOYKN,
"X) 1) 7 - (1) CToum no meToay TpeyronbHUKOB, U
§5¢ 175 14 - (2) NHTepnpeTauMOHHBLIM METOOOM, MOMHSI 5 30510TbIX NPaBusI

N

» [Tamb 30510MbIXx Npasusi kKapmornocmpoeHusi (Tearpock and Bischke, 1991) :

= M3onuHumn He MoOryT nepecekaTtb cebs unu gpyrue N3onmHuUn

. M30n1MHUM He MOTyT 06bLeAUHATLCA caMy ¢ cob6ou Unu apyrummn
M3O0JIMHUAMM

. N30n1MHUM OMKHbI NPOXOAUTL MeXAY TOYKaMu CO 3Ha4YeHUAMMU
60NbLWNM U MEHLLUUM 3HAYEeHUSA CaMOWN U3ONTUHUMU

. CoceacTBO Mexay co601M U30NIMHUM C OQUHAKOBbLIMU 3HAYE€HUAMU
yKa3biBaeT Ha TO, YTO Yron HakjioHa NOBEPXHOCTU U3MEHUNCA Ha
obpaTHbIN

. N30n1MHUM OMKHbI ObITb 3aMKHYThIMUY B NpeAenax KapTbl Unu
3aKaH4YMBaTbCA Ha ee rpaHuLe




You are given a set of permeability data from an interval that is to be
well tested. The plugs are taken every foot (0.3m) through a sandstone
interval,

Data
(mD)
100
120
350
490
S0
44
120
106
360
10

Calculale the arithmetic average, standard deviation and coellicient of
variation (CV). What can you tell about the representivity of your core
plugs from the CV and the number of samples. How will this influence
your comparison of these data with well test permeabilines”

(10)

You are required to determine the vertical correlation length for a
modelling study. Calculate the semivariogram for lag (h) spacing 1,
234 feet (0.3, 06,09, 1.2 metres) 1o determine the correlation length
How might your interpretation of correlation length influence the

permeability average you select for comparison with your well test?
7(h)={" g ‘Q]l\ x)-kl(x ~h|'i“

where y(h) = gamma function for lag h
n = number of paurs
K(x) = permeability of location x (mD) (15)

Calculate the arithmetic average, standard
deviation, coefficient of variation.

What can you tell about representivity of your
core plugs from CV and number of samples?

(! sample sufficient, tolerance).

K Bonpocy MUNC. yepes 30 cM cxeMaTuyHO
Ha rpacoumke. Ecnn Bbl nocmotpute Ha
N3MEHEHNe 3TUX BENNYUH Ha rpadmke co
LKanon rny6uH, To 30ecb He UMeeTcs
CUMNbHbIX OKa3aTeNbCTB HanMyns
OTAENbHbIX MAcToOB, MO3TOMY BO3MOXHbIM
BbIGOPOM ABMSAETCS reomeTpuyeckoe
ocpeHeHue (COOTBETCTBYIOLLEE
Cry4anHoOMy reoniorm4yeckomy CTPOEHMIO).

Calculate the semivariogramm
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GRV 105,000 256,000 1,300,805 Acre fi.

NG s 075 10 Decamal fraction
¢ 022 025 028 Decamal fraction
3, &5 070 075 Decamal fraction
B, 1.24 120 .13 RESTE
DETERMINISTIC STONP 56 217 1575 MMEELS




c) The following table contains a partial variogram calculation. Given
the formula for the variogram function given below, calculate the
normalised gamma for the lags 4 and 5 and complete the graph.

B4

The following core plug permeability measurements have been made

available for a well in a sandstone reservoir: (6 Marks)
op. Lag Distance
Depth (m) Permeability (mD) o) : - - ) - = = -
3210.00 56.00 56.00
3210.30 302.00 30200 60516
3210.60 294.00 M e
167.00 16129 18225 12321
3210.90 167.00 6100 11236 54289 58081 2
3211.20 61.00 30100 57600 17956 49 1 60025
3211.50 301.00 286.00 225 50625 14161 64 256 52500
252.00 1156 2401 36481 7225 1764 2500 38416
3211.80 286.00 167.00 7225 14161 17956 11236 0 16129 18225 12321
3212.10 252.00 66.00 10201 34596 48400 55225 25 10201 51984  5569%
3212.40 167.00 31500 62001 21904 3969 841 196 64516 21904 441
252.00 3969 34596 7225 0 1156 2401 36481 7225
3212.70 66.00 167.00 7225 21904 10201 0 7225 14161 17956 11236
3213.00 315.00 132.00 1225 14400 33489 4356 1225 14400 23716 28561
3213.30 252.00 72.00 3600 9025 32400 55049 36 9025 32400  457%
Count 14 13 12 1 10 9 8 7
3213.60 167.00 SUM 242372 350726 274733 138022 71908 186233 241082 161276
3213.90 132.00 Gamma 8656.143 13489.46 11447.21 6273.727 35954 10346.28 15067.63 11519.71
3214.20 72.00 NormGamma  0.834884 1378975 1170203 0.641339 0.367544 105766 1.540304 1177615
VAR 9782.24

(calculation of gamma 2 marks, calculation of normalised gamma

I ; ] y 2 marks, graph 2 marks)
a) Calculate the arithmetic, geometric and harmonic averages, the

median and the mode for this data. e ¥
(10 Marks) L2 + ¥
Arithmeti Geometri Harmonic Median  Mode E 1 *
192.67  163.02 132.1897 167 167 .. .
(2 marks each) 5 .
5 06
=z
b) The variance for the data is 9782, and the Cvis 0.51. Is the data 04 +
homogeneous, heterogeneous or very heterogeneous? 02
¢ 0 2 4 6 8

(2 Marks)
Heterogeneous Lagdistance



[lononHuTenbHbIE
crnanabl



Net pay isopach value
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RV = GRV*N/G

HCPV= NRV*porosity*So
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Area contained by contour

1Tm3 = 6.29 barrels

Bo3Mmo)HO, Ha 3k3ameHe OyaeT AaHa He CTPYKTypHas
kapTa, a kapTta NRV unu HCPV.

Tak, Hanpumep, ecnun Bam gaHa kapta NRV, ong pacdeta
(aHanorn4Ho, Kak 1 ans CTPYKTYPHOM KapThbl, paccuynTbiBaeTe
o6bem NRV yepes rpadouk, 3atem STOIIP.).
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NPSAMOYronibHOMN

P b c

Naowaab NPAMOYroNbHMKA

h S=a-b

-b

: ®yT paBeH 0,3048 M 1nun 12 AroMMam 1 UCMorb3yeTCs B aHIMMNCKON cucteme
Useful conversions:

mep

E barrel— . 01o.co « 1Oy (ft) = 0.3048 MeTpa (M)

I m*= 3731° '

1 m?= 6285 barrels * 1 foot (dyT) = 12 AronmoB = 30,48 cM = 0,3048 M

1 sq. km.=247.1 Acres



Rock Volume

GRVxN/Gxox S,

STOIP = 7758 x ()
BO
top surface
vertical } )
closure spill paint
where: |
STOIP : stock tank oi1l-in-place (STB) HC-contact —*1
GRV : gross rock volume (acre-ft), 5 bottom surface
N/G  : net/gross ratio (fraction),
O : porosity (fraction), A A
S, - o1l saturation (fraction) (1- Sw),
B, - o1l formation factor (RB/STB) (Expansion factor = 1/Bo Spill Points
which 1s a "shrinkage factor" as Bo >1)
and Gas-in-place (GIP):
43560 x GRVXN/Gx¢x S
GIP= = 3)
B,
g
where:

GIP  : gas-in-place (ft%)

GRV : gross rock volume (acre-ft),

N/G  : net/gross ratio (fraction),

: porosity (fraction),

- gas saturation (fraction),

- gas formation factor (RCF/SCF) (Expansion factor = 1/Bg as Bg <1)

UJ”U) <

STOIP, GIP :m?

GRV x NIGx® xS o
sropp= TRINGPXS,  gpp 2 E 2T e e
[ g So, Sg : traction

: dunensionless

7
F&



Area/depth graph

B0o3MOXHbIM BONPOC Ha
3K3aMeHe (nokasaTb Ha
2200 -1 KapTe unu rpadguke

Gross Rock Volume

Culmination
-1900

S A S ] Theecomeans persen e
‘—'“2-‘.-'> - J Tl of e oy of e

| Sp'” POInt) Ouser Linui of the OFf Field N '-»‘-—,&--{.--' ~ '“";':'”(m”
Depth -2500 -1 = Area under Graph (0Fvaar cersont

2700

Spill Point

1025 30 Area (sg km) 200 |

Ecnu gana cTpykTypHas kapTa:

« [1ng Kaxgoro KOHTypa paccymTbiBaeM nrowaab (aHa
KapTa B 3adaHHOM Maclutabe. [lenvm Ha paBHble
KBagpaTbl, CHUTAEM KONIMYECTBO KBaApaToB,
YMHOXaeM Ha ux nnowiagb).

Structural
contours

Ecnu He gaHa cTpyKTypHasi KapTa UM U3BECTHbI TONbKO

rnybuHa BHK n kposns pesepByapa:

* HawuBbIcliaga To4ka

BHKcHumaem c kapTbl

* PaccuntbiBaeM BbICOTY 3anexu (pasHuua 3HadeHuin
1 BHK 1 HanBbICLIEN TOUKM 3anexn.

Hm  GRV m3 Mo pbopmyne TpeyronbHUKa (1/2 OCHOBaHWUSA Ha BbICOTY).
’ OTO NpUBMXKEHHbIN MeTOA (NepeouieHka GRV. [NoaTomy.
Mo Bo3MOXKHOCTU. CTapaemcs paccuynTbiBaTh nnowaam

P N30MUMC U CTPOUTb TPEYFONbHbIV rpaduk).
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Correlate and characterize your reservoir

* So, think: Biostratigraphic samples (matine or continental)? Regression/transgression (coal, developing sand

channels) ? Incised valley sand, unconformities ? Reservoir architecture? Reservoir quality ? Reasons for your

correlation?



Fossil samples from the locations marked 1, 3, 4,5, 7, 8,9, and 11 were
found to contain marine fossils. The sample 2 contained palynomorphs
consistent with a temperate non-marine environment, while the
samples 6 and 10 contained pollen characteristic of an arid non-marine
environment. Dipmeter logs combined with initial analysis of the
biostratigraphy of the succession has identified a major angular
unconformity (change in dip) in the middle of the succession (marked by
a bold wiggly line in the logs), and two further unconformities not
associated with changes in dip (marked by wiggly lines in the logs) in the
succession underlying the angular unconformity. Assume that there is no
faulting disrupting the sedimentary packages.

a) On the attachment, correlate the various lithologies present. Is
this correlation a cross-section or a correlation panel, and why?

Lnbtegyy:
0ok > = Loy W
? [ LT Y v PSRy —— ] i ik
Y = . [y PO " L B e 2 T —

wi
(11 Marks)
Cross-section because wells are spaced unevenly (presumably relative to
their real spacing) (2 marks)
Neatness (1), connect top and base of units (1), show channels as boat
shapes (1), correlate unconformities (3), dipping strata (1), interfingering
(1), cut-off by erosional unconformity (1).

b) Explain your choice of correlation, specifically mentioning your

interpretation of the depositional environments.
(6 Marks)

(1) Marine environments tend to correlate between wells (below and
above angular unconformity) (2 marks)

(2) Non-marine environment with coal = fluvial (1 mark), tends to
have channels, no correlation (1 mark)

(3) Arid environment with sands at odd heights = fluvial (1 mark),
channels, may be connected (some at the same relative height to
the unconformity) (1 mark).

c) Explain the geological history of the area, starting with the oldest
depositional event. Specifically explain the changes in depositional
environment and then post-depositional deformation that has
affected the succession.

(6 Marks)
Arid fluvial environment, may have connected channel deposits.
After unconformity (missing time) marine environment (indicates
major subsidence/sea-level rise = transgression).
Marine environment shallows, then becomes non-marine
(progradation/delta?)
Another unconformity overlain by marine environment (major
subsidence/sea-level rise = transgression).
Burial, tilting/folding, uplift then erosion.
Flooding (subsidence or sea-level rise) results in marine
environment.
Progradation of shallow marine sandstones
Volcanic eruption event.
(Start right = 1, order = 2, unconformities = 1, tilting/erosion in
correct place/order = 1, end right = 1)

d

~—

Identify a potential trap on your correlation. Is this a stratigraphic
or a structural trap?
(2 Marks)

The sandstone underlying the unconformity are all tilted and truncated
by the unconformity overlain by sealing lithologies. These form ideal

stratigraphic traps.



