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1. Real Time

2. Logging While Drilling
3. Lag Time

4. Loss.

5. Gain
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1. Gas trap

2. H, Generator

3. Gas Treatment Panel (GTP)
4. Gas Chromatograph
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Stage Lithostratigraphy| Chronostratigraphy Sharland et al.2001
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1. Pump Output
2. Annular Volume
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1. Gas Quality Control
2. Condensate

3. Parts Per Million

4. Gas Wetness Ratio
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1. Light to Heavy Components Ratio
2. Oil Character Ratio
3. Heavy Components Ratio
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Gas ratios Equations:
ratio| Wh ratio
Bh ratio Wetness ratio: Wh = [(C +C,+C+C,+C,)/(C,+C#C+Gy+ G)]x100
.S cutoff 17.5
140 Balance ratlo: Bh = (C;+C,)/{(Cg*iCy+nCy+Cy)
m-r Character ratio: Ch = (iC#nC+C;)/C,4
A: TR
Very light 1 Bh> 100
dry gas 1§11 Ch ratio=0
1 - Bh> Wh when Wh indicates gas and gas density increases
E: ht i | as curves get closer. WH > .5 < 17.5 =gas
ight gas i | Note: if Ch> .5, then Wh and Bh interpretation of gas is correct
C: e Bh> Wh and curves approach each other as density increases
Gﬂ:” Light Note: if Ch> .5, then Wh and Bh gas interpretation is associated
with oil
D: i |
Coal-bed | Bh> 100 (Coal gas is rich in C1 and C2)
effect | Both Bh and Ch indicate dry gas
E: Bh> Wh and oil density increases as curves
Medium gas closer.Wh lies between 17.5-40.
gravity oil
s I
Residual E Bh much less then Wh and Wh > 40.
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1. Water Bearing Formation
2. Oil Water Contact

3. Background Gas

4. Trip Gas

5. Weight on Bit

6. Rate of Penetration

oals 7l vdas i &l s F STl o Jli 6l
lanT Wl 5 3t Jlw 95 andad LS sads
[o] el asd) ISay oot aslllas slaol>
(Pixler plot) &YWy Sy 413405

5 C1/C2¢ C1/C3¢ Cl/C4 clacu—s S5 L
i )& g ad O g0ty ol g,  C1/C5+
YL o S5y 5 Sloogas Gles 0 0 S
Ol molie by e is | blos! Swll e
D oo 0l G o g e LB a4 boe s
ol bhoss Ly Sis 58 gt gy sloay
Yo b b Ll S e 0y
¥ S ead Jo 38 Sl s gole 8

JRCE. |

C1/C4>Y++ 5C1/C3>A+ C1/C2>YD Cous , 51—
ey iy Jolb ;i 1 S 515 Bitos il
el 75 ol (=gl

g A+ Ls V0 5l CI/C3YD Ls V- 5l Cl/C2 ,51 -
35 5 68 lblewe glylo ca il Yoo L Y- 5IC1/C4



LAl 508 5 (S S peleS o osls 5,8

Water Bearing Zone Indicator Ratios
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Introduction

Nowadays, mud logging systems are usually utilized
to ensure the natural behavior of the stratigraphic
formations in the oil drilling and exploration. Mud
logging system controls drilling parameters, including
features of the returned well mud and associated
gas, by their sensors and the embedded computers.
These systems control the operational parameters,
hydrocarbon saturation, formation pressure in order
to conduct an effective drilling and production related
decisions [1,2]. Most of hydrocarbon reservoirs show
specific geochemistry features in type, amount, and
ratio of their hydrocarbon elements; Therefore, the
high quality well gas data could be potentially extracted
and elaborated in reservoir quality assessment [3.4.5].
Using well gas data with Logging While Drilling
(LWD) operations and petrophysical data could
determine possibility of the gas zones in the specific
stratigraphic levels. Conducting such procedure in
oil drilling wells would play an important role in
development of oil exploration [6]. This investigation
attempts to separate the productive and non-productive
zones of the Mishrif reservoir in order to determine the
Esfand Oil Field quality, located in the Persian Gulf,
by using mud logging and petrophysical data. As novel
research, although such studies have been performed in
the Persian Gulf countries [4,5,7,8,9], this contribution

has been carried out for the first time in the country.

Materials and Methods

After calibrating the gas chromatograph, the gases
associated with the drilling mud of E1P5-ST2 well,
at depth of 3802-4270 m in the Mishrif reservoir,
are trapped by a gaseous tele, mixed with the air and
hydrogen gas, transported to the Gas Treatment Panel
(GTP) and then analyzed by the gas chromatograph. To
determine the petrophysical parameters of the reservoir
including lithology, water saturation, effective
porosity and volume of the shale, the Gamma, density,
sonic, resistivity, neutron, and caliper well logs with a
petrophysical evaluation are used. The petrophysical
analysis was carried out by the Geolog 6.7 and Logplot
softwares.

Results and Discussion

The mud logging data during oil exploration drilling
provide valuable information to assess the quality
of reservoir rocks, fluid contact, and reservoir
permeability upon the formation gases [3,4]. In this
research, the gases of drilling mud, released from the
Mishrif Formation (equivalent to the upper part of
Sarvak Formation, late Albian-early Turonian) at the
E1P5-ST2 well, which drilled in the Mishrif reservoir,
the Esfand Oil Field, are recorded at depths of 3802



to 4270 m by using advanced gas chromatography.
Moreover, continuous measurement of the gases
concentrations, from very light components like
methane to the heavy ones like hydrocarbon species
of the C7, C6, and C8, including n-hexane, n-heptane,
n-octane, benzene, and toluene, are measured. The
recorded gas amount depends on many variables
such as formation gases, reservoir pressure, density
and viscosity of the drilling mud, drilling speed, and
drilling bit rate of penetration (ROP), efficiency of the
gas trap and gas visualizer, and variability of drilling
mud flow rate [4]. Sections of the well that their
function value is between 0.8 to 1.2 are considered
as the section with suitable gas data quality [10]. The
ratio of methane to the other heavy alkanes behaves
as a reasonable and reliable index of the gases,
condensates, and oil and water production potential.
Thus, the following parameters could determine the
reservoir fluid type, viscosity of oil and wet gases, and
the reservoir production potential [11,4,12].

The ratio of heavy gases hydrocarbons of the
C6C7/(C3) and the C6C7/C4C5 are considered as
the best representatives of the water-oil contact.
These parameters determine the depth of water-oil
contact in the studied well (5). After eliminating the
background and trapped gases, the chart of drilling
characteristics and Deep Resistivity and Rate of
Penetration (RD&ROP) logs are plotted. The type of
reservoir fluids is also recognized by the resistivity
logs. According to this study, 11 zones are identified
at the E1P5-ST2 exploration well. The zone 1 is a
nonproductive, and the zones of 4, 6, 8, and 10 show a
high average porosity, low water saturation, and good
reservoir quality. Other zones, although display a high
porosity due to the water saturation, are considered
as weak oil productive because of their amount of
water associated with the average production oil.
Furthermore, the trend of porosity changes in the
reservoir zones is determined according to the ROP
changes against the gas data, especially the C1.
Conclusions

The analysis of the mud logging data during oil
exploration drilling reveals valuable information for
assessing the reservoir fluids and its productivity as
well as the reservoir petrophysical properties such
as the porosity and permeability. Using advanced
gas chromatography and continuous measurement of
the formation gas concentration, from its ultralight
components such as methane to its heavy components,
reveal the petrophysical characteristic of the Mishrif
reservoir in the Esfand Oil Field. The reservoir gas
characteristic is in consistent with the petrophysical
parameters and the fluid content of this well. This
exploration well with the unique available gases content
data would play an important role in constraining the
petrophysical zonation of the Mishrif reservoir in the
Persian Gulf. After qualifying control of the data and
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removal the effects of trapped and background gases,
this research reveals the followings: (1) a medium
weight oil at depth of 3815 to 3829 and 3831 to 3862,
and (2) a medium weight to light oil at depth of 3962
to 4272 m, 3814 to 3815 m, and 3829 to 3831. Using
porosity, water saturation, petrophysical and gases
reservoir data, the Mishrif Formation is divided into
11 zones. Petrophysical evaluation shows the zone 1
as a non-productive zone. Among other 10 zones, the
zones of 4, 6, 8, and 10 display high average porosity
and low water saturation, which could be suggested
as the suitable productive zones. According to the
gases and mud logging data, these zones produce
medium weight oil. The zones 3 and 7 show weak
petrophysical characteristics. Although other zones
have high porosity, but because of their high connate
water are considered non-productive. In addition,
using the gases variations especially the C1 versus
the ROP, the porosity changes are defined. In fact,
where the porosity in one section of the well increases,
the ROP is also increases in the hydrocarbon values
especially the CI. According to this research, the
Mishrifreservoir in the studied field could be suggested
as a heterogeneous reservoir. The neutron and density
cross plots as well as the XRD data demonstrate that
the dominant lithology of the Mishrif Formation in the
E1P5-ST2 well is limestone.
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