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Exercise 1- Gamma ray and spectral gamma ray logs 

Use short answers and sketches. 

1. Explain the principle of a Gamma Ray log and spectral Gamma Ray log 
measurements in 3 steps. Use sketches. 

a. Natural Gamma ray radiation: Emission resulting of the 
radioactive disintegration of an unstable nucleus (U, Th, 4°K) to a 
stable daughter nucleus. 
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b. Compton scattering: Lost of energy when a GR pass through any 
material. This lost is a result of the collision between a GR and an 

"'" electron. ov 

The higher is the density of a formation ; the faster is the energy 
loss. 

c. Detection of a continuous spectrum of values from the tool, 
according to the peak of emission of each radioactive element. 
The differences between simple gamma ray and spectral gamma 
ray tool: 

i. Size of the crystal 
ii. Simple gamma ray tool detect an average radioactivity 

from the three elements and the spectral gamma ray tool 
can determine the 3 peaks of U, Th, 4°K 

2. Explain why both of these logs are passive logs using sketches. 
a. Record of the natural radioactivity of the rock from U, Th, 4°K 
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3. What are the advantages of the spectral gamma ray log according to the 
simple gamma ray log? 

a. Spectral gamma ray tool can detect the 3 peaks of emission of U, 
Th, 4°K and then be translated to a relative count of each element 
related to its abundance. It helps thus to determine better the 
lithology, according to each radioactive element. 

4. What are the differences between a wireline tool and logging while drilling 
tool? Use sketches. 

a. WL tool: 
i. Tool against the borehole wall 
ii. reads 30cm of rock per second 

b. LWD tool: 
i. Behind 5 em of steel: reduces the radiations that reach the 

tool 
ii. But reads 30cm/min, which gives the same resolution than 

the simple gamma ray tool. 
iii. Rotation of the tool: oriented image log 

5. What is a shale indicator? Explain. 
a. A shale indicator is how each elements is related or linked to the 

shale or clay minerals. 
i. 4°K is chemically combined to minerals as: 

1. clay, silicate, and feldspar 
2. We can find 2% 4°K of the total amount of 4°K on the 

earth in the shale 
3. Therefore 4°K is a good shale indicator 

ii. U is contained in the sea water (originally from igneous 
rocks) 

1. Can be linked in sediments (shale) by precipitation 
or is present in the organic matter 

2. 10 to 30% of the total amount of U can be found in 
the shale 
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3. But as it is not directly related to shale, U is a bad 
shale indicator 

iii. Th is not soluble 
1. And directly part of the clay mineral"" 
2. 40 to 50% of the total amount of Th is found in the 

shale 
3. Therefore Th is a very good shale indicator. 

a. What can be the impact of the mud on the gamma ray log? 
i. The presence of radioactive elements in the mud can 

influence the GR log record and has to be corrected for 
(knowing mud composition). 

b. What is the impact of a washout on the gamma ray log? 
i. The Gamma ray tool has a shallow depth of investigation 

and a washout can influence the reading showing a low 
density formation and therefore a low GR value on the log. 

a. How do we calculate the volume of shale using the gamma ray log? 
Illustrate with sketches. 

GRlog - GRsand 
Vsh = 

GRmax(sh)- GR sand 
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b. Is it better to use the spectral gamma ray log? Explain. 
i. Yes, because the calculation is based only on the 

proportion of Th which is the best shale indicator. We still 
need to apply the correction for consolidated or 
unconsolidated rocks 

Th log - Th min 
Vsh = 

Th max - Th min 

8. Use sketches to illustrate. 
a. What is the effect of sandstone with micas minerals in it on the 

gamma ray log? 
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b. Show why the spectral gamma ray log can solve this problem. 
i. As the mica minerals are radioactive because of the 4°K, 

the spectral gamma ray log should show the same values 
that normal sandstone for U and Th, but higher values for 
4oK 

a. What is a source rock? 
i. A source rock is a rock full of organic matter (therefore of 

U} that is at the origin of the hydrocarbons. (Knowing the 
source rock gives information about the organization of 
the reservoir, and about the type of hydrocarbons, their 
level of maturation and migration}. 

b. Which is the best tool to use between the gamma ray and the spectral 
ray log to determine a source rock? Illustrate with sketches. 

i. Both tool will give a good view of the source rock, but the 
spectral gamma ray tool can help to make the distinction 
between the high values of U and low values of Th and 4°K. 
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Exercise 2 

1. The following 5 logs are given from a well from the Haltenbanken area (Fig. 
2.1 ): 

• Gamma log 

• Density log 

• Neutron log 

• Sonic log 

• Induction log (RILD) 

a. Mark the lithology in the depth track for the log interval. 
b. For the high resistivity zones there are 2 solutions. Mark both 

solutions on the log. What is the most likely solution? Explain why. 
The two possible solutions are 
i. sandstone full with gas (cf density/neutron column logs 

and large negative separations for the gas effect) 

ii. Salt: low gamma ray, low density but low porosity and 
therefore really high resisitivity. 
Salt bodies can be found often in the Norwegian Shelf. 
Salt has almost zero porosity that means no fluid filling 
the pores. When no fluid is present, the resistivity is 
considerabely high, as we can observe on our track. Zero 
porosity also represent faster wave propagation (i.e. lower 
sonic value) than in sandstone filled with gas, as it can be 
observed on the sonic log track. 

In our case, we can say that the most likely solution is 
therefore salt. 

2. Figure 2.2 presents a lithology section. Draw directly in Figure 2.2 the log 
responses to this column for: 

a. Density log 
b. Neutron log 
c. Resistivity log 
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Exercise 3 -Well evaluation 
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From a well from the Oseberg field the following wireline logs are given (Figure 3): 

• Gamma log 

• Density log (FDC) 

• Neutron logs (CNL) 

• Sonic log (BHC) 

• Dual induction log 

The following values are given: 

Density oil filtrate (Oil mud)= 0.75 g/cm3 

Density formation water = 1.03 g/cm3 

Oil density = 0.67 g/cm3 

a = 1, m = 1.85, n = 2 
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Pma = 2.82 g/cm3 (mica), Pma = 2.41 g/cm3 kaolinite 

1. This well was drilled through an oil zone. 
a. Is there oil for all sands? Mark on the log. 
b. What about the vertical communication through the log interval? 

i. Because the water zone is placed above (at lower depths 
than) a new hydrocarbon zone, there is a sealing barrier · 
between these two reservoir units. 

c. Mark the lithology in the depth track for the log interval. 

2 . This well has been drilled with oil based mud. 
a. Make a sketch of the saturation profile (oil or/and water in the pores) for 

the invaded/flushed zone around a well both for the oil zone and the water 
zone. ~ \N\l A{£() 
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b. Which saturation values are normal for oil filtrate in oil and water zone? 
Use these va lues for later evaluation. 

i. Saturation values in oil zone: So = 0.8% and Sw 0.2% oil 
ii. Saturation values in water zone: So = 0.5% and Sw= 0.5% 

3. The logs show 2 different sedimentological depositional environments. 
a. Mark those on the logs. 

b. Make a drawing of these 2 types. 
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4. 

5. 

a. Dual Laterolog has not been run in this well. Explain why. 
i. Because we are using an oil based mu which is not 

conductive. 
b. Why has the SP log not been run? 

i. Because we are using an oil based mu which is not 
conductive. 

c. The logs are based on 2 runs: Run 1-GR_FDC_CNL and Run 2-
GR_IL_BHC. Why do we run GR for both runs? 

i. GR is always the log used for depth adjustment, because of 
its good vertical resolution and ability to distinguish very well 
bed boundaries (like thin beds). 

d. L\p log is missing log interval. What is L\p? 

i. L\p is the density correction applied for the differences in 
reading between the two receivers of density tool, usually due 
to mudcake, the fact that the tool was not flushed against the 
wall or to high filtrate invasion. 

a. Estimate the porosity only based on the density log for the zone A. Zone 
A consists of quartz (60% ), mica (30%) and kaolinite ( 10% ). What is the 
porosity for zone A corrected for the mineralogy effect? 

Sandstone in Density Resistivity Sonic 
OIL ZONE 

GR (API) 
(g/cm3) 

Neutron 
(Ohmm) (JJs/ft) 

Values on the 42 2.22 0.24 18 90 
log 

1) 

111 _ Pma - Pb 
VJD -

Pma- Pt 

(0 . 6 · PQz + 0. 3 · Pmica + 0. 1 Pkao) - Pb 0v = -=--__ ___: __ __..::._ _____ --,--__ ___:~-----
(0 . 6 . pQz + 0 . 3 . pmica+ 0 . 1Pkao)- (08 . p oil + 0 . 2Pwater) 

(0 . 6 . 2. 65 + 0. 3 . 2. 82 + 0. 1 . 2. 41) - 2 . 22 
0v = ------------------------

(0. 6. 2. 65 + 0 . 3 . 2 . 82 + 0. 1 . 2. 41)- (0. 8. 0. 67 + 0 . 2 . 1. 03) 

0v = 0.236 

2) Using only Pt = 1. 03 g j cm3 

(0 . 6 . 2. 65 + 0. 3 . 2. 82 + 0. 1. 2. 41) - 2. 22 
0v = -----------------

(0. 6 . 2.65 + 0. 3 . 2. 82 + 0. 1 . 2.41)- (1 .03) 

0v = 0. 278 
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b. Estimate the water saturation for the zone A. 

Archie equation in the oil zone: 

Sw = JF .Rw 
Rt 

a 
F= -0m 

1 
F = 0 1.ss 

Determination of Rw in the water zone: 

Sandstone in 
GR (API) 

Density 
Neutron 

Resistivity 
water zone (g/cm3) (Ohmm) 

Values on the 24 2.17 0.27 
log 

1) 

(0.6 · PQz + 0.3 · Pmica + 0.1 Pkao) - Pb (/) D = ~-___;:......_ _______ ___;~-:---:-
(0.6 ·PQz + 0.3 ·Pmica + 0.1 Pkao)- ( Pt ) 

(0.6 .2.65 + 0.3 . 2.82 + 0.1 . 2.41)- 2.17 
(/) D = -,------------------,--...,...-------,-

(0.6 .2.65 + 0.3 . 2.82 + 0.1 . 2.41)- (1.03) 

C/Jv = 0.308 

2) Using a sandstone only constituted of quartz: 

(2.65) - 2.17 
C/Jv = (2.65) - ( 1.03) = 0.296 

1 
F= (/)1.85 

1 
F = 0.2961.85 = 9.51 

Ro 0.65 
Rw = - = - = 0 0683 

F 9.51 . 

Water saturation in oil zone: 
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2 0 23~1.85 . 0.0683 
Sw = · = 0 234 = Sw 18 . 

Using only Pt = 1.03 g I cm 3: 

2 0 27~1.85 . 0.0683 
Sw = · = 0. 201 = Sw 

18 

3 ENCLOSURES 

The 3 enclosures must be handed in with the answers 
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