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1 Data

Seismic data was provided to me from the USGS Southern California catalog, and
separated into two groups: one 0 to 4 km from the center of the field (here labeled as
near) and a second group from 4 to 10 km from the center of the field (here labeled
as far).

The first step in the analysis is to determine the magnitude of completeness for
these data sets. Lower magnitude events are not sufficiently well recorded to have
statistically significant properties. The standard method for determining the com-
pleteness magnitude is to compare the observed frequency magnitude distribution
with the Gutenberg-Richter distribution, as in Figure 1. This figure shows the size
distribution of earthquakes (for the full time period) for the near-in and farther away
earthquakes on semi-log plot. Earthquake distributions universally follow a linear
trend on such a plot, as seen here for magnitudes between approximately M 1.75
and 3. From this we can conclude that (averaged over the full time period) the
earthquake catalog is missing events of M < 1.75. (Note that the network’s ability
to detect smaller events undoubtedly improved with time, thus the catalog may be
complete at smaller magnitude level, since for example 2000.) The negative slope
on this plot, is known as the b-value; values near 1 are typical. The b-value for the
inner zone is roughly 1.2, while for the outer region it is 0.99; these are within the
standard range for tectonic earthquakes. The linear trend on a the semi-log plot
breaks down at larger magnitudes (roughly magnitude 3) , as there are few events of
this size in the data set.

Figure 2 shows M > 1.75 events as a function of time for both the near (top)
and far (bottom) catalogs. Focussing on the top plot, there is a M 3.8 event in
2015, and what appears to be an increase in activity around that time, but it turns
out that these events are fairly deep compared to oil-field operations. This can be
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Figure 1: Frequency magnitude distribution of earthquakes in and near the Inglewood
Oil Field. Red: 0 to 4 km from the center of the field. Blue: 4 to 10 km from center.

4 T
+
o 35} * -
e} +
S
= 3+ +* ++ + ]
o5l o, +* g . ]
= b 4 "‘ +‘, + + % +,
2Le Fwie ***f R TR S A
1980 1985 1990 1995 2000 2005 2010 2015 20
Year
4
.
o 35F + . 4
= . + .t n
= 3* + 4y +-t o i’ ]
S ¢ ¥ e +*r +*:
© P +
225}- ".;!-+'#"\!$.+++ + et 1 +_;+ 4‘.¢+
204 *f¥+*+ W bal &
-+ A 4 +
1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Figure 2: Magnitude vs time for events greater than 1.75, in the near (top) and far

(bottom) zones. All depths.
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Figure 3: Magnitude vs time for events greater than 1.75, and depth shallower than
4 km, for the near field events.

seen by considering only events shallower than 4 km, as in Fig. 3. 4 km was chosen
as it is roughly the depth of the deeper Sentous formation at the margin of the
field. There are relatively few shallow (less than 4 km) events, and they appear
somewhat clustered in time. Significantly, there does not appear to be an obvious
trend of increasing shallow earthquakes with time that might indicate effects of oil-
field operations. The rate of activity for the more distant group of earthquakes (4-10
km) is fairly uniform in time (Figure 2b). Perhaps the first 5 years or so are lacking
in M > 3 events but that may be due changes in the network detection capability
with time.

I did not have available to me time series of injected volumes within the Inglewood
Oil Field during this time interval. Thus, it was not possible to compare such a data
set with the earthquake data. However, there are no obvious trends in these subsets
of data that indicate an influence of oil-field operations. That does not prove that
they do not exist. Simply there is no evidence (such as a increasing rate of shallow
earthquakes) that is suggestive of human induced impact in the data.

2 Poisson Test

I tested whether or not the data are consistent with a Poisson process. A Poisson
process is random in time, and is commonly used as a null hypothesis for natural,
background seismicity. For this test I used the data from the ‘inner’ region with
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Figure 4: Blue histogram: Observed number of earthquakes per year within inner
region and depths less than 4 km. Red stars: Predicted Poisson distribution given
the observed frequency of events in this category.

depths less than 4 km, shown in Figure 3. I found that one cannot cannot reject
the Poisson distribution for these data at the 95% confidence level. That is the
data are consistent with the Poisson distribution at this confidence level. Figure 4
illustrates this, comparing the observed and predicted number of earthquakes per
year. The figure shows that the observations are quite consistent with the expected
Poisson distribution — there is an 80% chance of no earthquakes within this region
with depth less than 4 km and magnitude greater than 1.75 in a given year, exactly
as observed.

Thus, while we cannot prove that the earthquakes are all due to natural tectonic
processes, there does not seem to be anything based on this evaluation of the data
that would indicate an unusual pattern of earthquakes with time.
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