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The prospectivity of structural or combination traps in stacked clastic reservoir settings typical of many 
of the known hydrocarbon provinces in Southeast Asia such as Baram Delta and Balingian province, 
often critically hinges on the presence of a working fault side seal. A thorough understanding of the key 
controls on fault seal risk and retention capacity and from there, a consistent methodology to access 
these factors across a prospect portfolio, are essential to achieve a balanced prospect ranking and an 
accurate assessment of prospect success volumes. 

Faults in a clastic reservoir typically seal through either one of a combination of the following 
mechanisms: juxtaposition of reservoir against non-reservoir, the development of impermeable gauge 
within the fault zone either because of clay smear, mixing of sand and shale in the fault gauge, or 
through grain size reduction within the fault zone (cataclasis). Fault seals can be breached if pressure 
buildup exceeds retention capacity or in cases of fault movement post hydrocarbon emplacement. The 
objective of this paper is demonstrate how stochastic simulation of juxtaposition relationships along 
faults in combination with reference to literature published data on retention capacity of shaly fault 
gauges (e.g., Yielding et al., 1997; Yielding, 2002; Freeman et al., 2008) can be used to generate 
quantitative insights in the relationship between measurable reservoir properties such as net-to-gross 
ratio and typical thickness of reservoir sands and intervening shales, and the chances of fault seal 
success as well as the likely retainable hydrocarbon column in a success outcome. Quantitative 
estimates of the chances of success and the expected range of retention potential can be done for a 
single reservoir-seal pair, but they can easily be expanded to predictions for a series of stacked 
reservoirs using binomial distribution theorem. The paper will show how a simple but elegant toolkit 
incorporating these relationships can be used (Figure 1) to successfully replicate the hydrocarbon 
distribution of known discoveries (Figure 2, Figure 3) e.g., in Balingian province. A tool like this can be 
used to assess the fault seal success Chance Factors, i.e., the chances of fault seals being able to retain a 
hydrocarbon fill equal or exceeding the P90 area, in a consistent manner across a prospect portfolio. 
Whilst the methodology and toolkit described here considers the complete “outcome tree” of success 
and failure cases, it can also be shown that under certain specific circumstances many of the outcomes 
have extremely low probability of occurrence. For example, the retention capacity of shaly fault gauge 
should always be in the range of some 50psi or more even if the net-to-gross ratio is relatively high, 
which means that failure on Shale Gauge seal is unlikely unless there are significant pressure ramps or 
the fault re-activates post-hydrocarbon emplacement. By removing the low probability outcomes for 
specific cases under consideration, we can simplify the “outcome tree” to a set of simple rules that can 
guide an operator to identify leads prospects with a high chance of fault seal success. 
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Fault (=side) Seal Risk Assessment sheet

How to use this sheet:

Fill in the required data fields (yellow cells within the purple boxed area; also please name the field / reservoir).

For advice on a reasonable minimum HC column, use the "Minimum_HC_column_calculation" sheet.

Read off the fault (= side seal) risk for the appropriate situation. In case fields / graphs do not automatically update for changed input, try press F9 (re-calculate)

Field Name & Reservoir

Input data (purple box) Yellow = input required

Input into Fault Seal Risk Assessment (fill in the fields marked yellow)

Fraction

Net-to-Gross 0.3

Thickness (m)

Typical shale (average) 30

min max

Expected range of fault Shale Gauge Ratio's 0.35 0.65

Minimum success HC column (m) 60
juxtapostion seal situation 

(sand-shale)

shale gauge seal situation 

(sand-sand)

Success HC type oil+gascap Almost impossible Almost certain

Max. pressure ramp, if any, that could occur 

across individual shales within the interval
130 psi

Fluid and HC fill properties. Amend fields marked yellow only if needed

water oil gas

1.00 0.85 0.06

gravitational constant: 9.8 m/sec2

45% % gascap

Fluid Density (g/ml)

Chance that the fault(s) have been reactivated

 post HC trapping

Probable

Chance that fault reactivation - if it happened,

 caused total loss of HC in case of:

Prospect A (10 potential sands)

leak path ?

leak path ?

Shale Gauge Ratio Seal Envelopes (Yielding, 2002, Murray et al., 2003) Juxtaposition Chance Of Success and HC Column Potential (from stochastic trial set)

Prospect A (10 potential sands), min. success column (m)

>10m >20m >30m >40m >50m >60m >70m

pressure retention (bar) Typical shale (average) thickness (m)10 20 30 40 50 60 70

SGR Murray et al., 2003 Yielding 2002 < 3km 10 0.2513 0.0413 -0.1687 -0.3787 -0.5887 -0.7987 -1.0087

0 0.2 11.93786 20 0.4493 0.2393 0.0293 -0.1807 -0.3907 -0.6007 -0.8107

0.1 30 0.6473 0.4373 0.2273 0.0173 -0.1927 -0.4027 -0.6127

0.2 40 0.8453 0.6353 0.4253 0.2153 0.0053 -0.2047 -0.4147

0.3 5 3.5 50 1.0433 0.8333 0.6233 0.4133 0.2033 -0.0067 -0.2167

0.4 10 60 1.2413 1.0313 0.8213 0.6113 0.4013 0.1913 -0.0187

0.5 15 28 70 1.4393 1.2293 1.0193 0.8093 0.5993 0.3893 0.1793

0.6 20 80 1.6373 1.4273 1.2173 1.0073 0.7973 0.5873 0.3773

0.7 25 11.93786 90 1.8353 1.6253 1.4153 1.2053 0.9953 0.7853 0.5753

Typical shale (average) thickness (m) 30 0 1

Required min. retention 

capacity (incl. overpr.)

y = -1.6156x + 0.9649
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Figure 1. Example of use of our faultseal risk assessment toolkit on Prospect A, offshore Sarawak. Top portion shows the input data; bottom part of the figure illustrate some of 
the chance factor estimates for specific seal mechanisms.
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Figure 2. Fault seal Chance Of Success (COS) prediction for Field A, for an aggregate of 10 potential reservoir zones. This 
simulation of fault seal success considers all possible seal mechanisms and aggregates the individual chance factors. Simulated 
fault seal results compare well with the findings in fields nearby to Prospect A where only 10 to 40% of the sands have 
significant HC fill (column length >60m). 
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Figure 3. Predicted potential for juxtaposition seal for Field B, compared to actual well results. Note that the trends in predicted 
column height match the actually observed HC columns fairly well, suggesting juxtaposition seal is one of the key sealing 
mechanisms in Field B. The red arrows mark reservoirs where other seal mechanisms (e.g., shale fault gauge) may play a role as 
actual HC columns are significantly beyond the estimated juxtaposition seal retention capacity. 


