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structure. Structural suppert from
arching was not expected withi{n these
shallower sediments. The overlying
ounger formatiens rest nearly horizon-
tally as a dead Yoad on these shallower

prodlKUUe 20peS.

From the subsurface structural pattems
mapped to date and supplemented by
dens ity log records and injectivity
tests, there (s good supporting evidence
which indicates that the maximum prin-
cipa) stress directon lies in the
horizontal north-south direction,
whereas the least principal stress
direction 1des in the horfzontal east-
west direction, This places the inter-
mediate stress accese in the vertical
direction and consists aof the averburden
Toad, a gradient of approximately 0.9 psi
per foot. (Injectivity tests broke down
the Main zone sediments at a fractured
gradient of 1,26 psi per foot.)

Othep important subsidence contrslling
factors are the depth to production,
breadth and Tength of the accumulations
and the thickness of each productive
zone. 1n the Beverly (I{11s (East) ffeld,
the shallow producing recervoirs are
generally thin and limited in areal
aextent. Some contribution to surface
gsubsidence was antictpated from these
2ones because of thefr shallew depth of
buriz} between 3,600 feet and 4,500 feet
and their nearly horfzontal attitude.

The major producing reserveirs, Main
and Deep rones, are considerably deeper
within the strnn?1y arched section of the
entrapping antfcline. The minimun depth
to the top of the Main zone is 5,400
fecet. The mintmum depth to the top of
the Deep zone {s approximately 6,800
feot. The ratios of breadth of accumi-
lation to depth for each significant
zone are Yisted in Table 1. Thickness of
the oil productive Mafn section is
impressive on the south flank where the
bads are standing nearly vertical, o
productive thickness an this flank ranges
up to 1,000 feet, whereas on the north
flank, which 1s more gently dipping,
the productive section averages about 650
feet in thickness. There (s also the
strong 1{kelihood that these deeper
Miocene reservoirs are rore resistfve to
conspljdation due to retained tactontc

pre-stressing.

(2) Physica) Properties of ghe Producing

lanes

The phys{cal propertfes of the
5

:htch make up the producing re5erv:?;?cnts
1:ve a bearing on the deqgree af consgl-

atfon which may occur when and §¢ a
tizable Toad transfer from the fludd
phasa to the vock matr{x occurs. The
principa) rock characteristics which
appear to exert sore contro) on the
:nuunt of consol{dation that wil} occyr

re:

3. Porosity
b, Lithology
c. Preconsolidation and Cementation

Pora:it; - All of the commercially >
product{ve zones are made up of clastic
sediments with intergranular porosity.

The poresity versus depth cyurve for the
field has been constructed utilizing

both core data and density log informatton
(Figure 21). This piot shows an average
reduction in porusity with depth of
approximately 2% per 1,000 feet. A
further reduction of this avaflable vaid
volume can occur as a result of grain
fracturing or rearrangement of the grains
which constiture the host rock, or both,
In the Beverly Hi1ls (East) fteld, the
shallow Repettc zones with their slightly
higher porosities were expected to
undergo a greater change per unit vo]ume
than were the deeper Main and Deep zones.

Lithelo -« In {ntergrenular reservairs,
the degree of sorting and mineral content
are the principal Yfthologic variables
which contro) consol{datfon. from ditch
samples, cores and sidewall samples, .t
was determined that these reservoir rocks
are generally poorly sorted, dirty
argt)laceous arkosic sands which can be
physically unstable when subjected to
additional Yoading, This type of lithol-
ogy 15 generally more subject to consol-
{dation than are clean, '311?§ rted .

zuartzitic sands (Meade 1968 Th{s
{fference s chiefly due to the presence

of minerals which aither fail rapidly by
shearing or yleld plastically when
additional loads are applied.

Preconsolidation and Cementation =

ese variablas are Dasically re ated to
depth of burial, maximusn lozding during
geologic time and chemical cementation of
the rock matrix by geologic processes.
At Beverly 1H{1ls, the shallow Repette
sands are not well consolidated and tend
to flow quite readdly, necessitating
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grave! pack comletions. The
and Deep 2ene sands show co”gf:gg;b?:in
degree of consolidation and cementatfan
apparently because of depth of pypya)
reater age and the presence of strong
norizanta] compressive forces. No
. significant stripping or removal of
! sha)lower sediments 3ppears to have
occurred {n this area. The stratigraphic
columm as praesented (Figure 6), appears
to be one of & normal sequence of deposi-
gfon Interrupted dy mimar unconformities.

Cementation of the Majn zane with second-
ary mineralization {s Vimited to only %
occas{onal 1ime-cemented stringers.
Surface compressibility tests were run on
main 2one cores and {ndicated rock
compressibilities averaged 4.12 x 10-5
PY/PY/PSI for changes in effective
overburden pressure between 2,300 psi and
3,900 psi. These determinations do not
appear to reflect trua subsyrface con-
ditions, because the amoynt of measured
subt{dence does not approach theoretical
predictions, or the difference between
theoretical and actual caonsolidat{on may
reflect $nherent structural arch support.

Preci{sfon collar logs have beea rPun in ¢
four wells with a repeat run (n one well.
Due to the large number of highly dev{-
ated holes, 12 has been impossible to run
as many precisfon collar logs as desirabla
to check for subsurface compaction. From
the repeat runs (January 30, 1967 and
November &, 1570), negligible compactfon
was noted apposite the Repetts zones, byt
this compaction was so smal]l that §t was
barely within the Yimits of the accuracy
of the measuring fnstrument. A repeat
run through the deepap 20ne has mot been
nade as of this date.

POSSIBLE EFFECTS OF EARTH MOVEMENT

Surface earth movemants which may be ‘t
associated with of1fiald operations in the
Beverly Hi)1s (East) f{eld have been {nsuffi-
efent to cause any damage to surface struc-
tyres. Because of the pressura maintenance
program now in progress, future subsidence
attridutable to production should be sudstan-
tially Tess and {nsignificant. It {s certain
to be small fn compar{son with long-term
surfaca movements arising from ather causes.

Stresses which accumulated in the sub-
surface as a result of possible consolidation
within the praducing zones and overlying cap
rock may have caused some casing deformation
coincident with the decline {n formation
pressure. Now that water injection iz main-

taining formation pressyres

at 2 relatiyely

constant Teve) delow origina} fo
rmation
Pressure, further deformation 1S not expected.

CoNCLUS Yons

1.

Clty.
Env'mm"ta] settin r Yoeal
broad enough §n s:up?iob::,c:::s:hey are

udusual a{)rfelq
surface subsiden:g?ve‘ ntS such as

The Beverly Hills (East ) ‘*
sftuated {n an area undlrgn:;el:g:; al
subs{dence as a consequence nf te:to‘:\ic
forces. Imprinted upon this reqiaonal
downwarping are subsidence componaents
arising from shallow water productinn ang
deeper of1field futd withdrawals.

Singly or in combination, these forces
produce subsidence measurable 1n no

more than 3 few hundredths of a foot per

year,

Precise leveling surveys conducted by
Standard 041 Company of Califarnia and ya
Occidental Petroleum Corporation have

been effective in detecting and monitoring
syrface elevation changes over the ’
Beverly Hills (East) of1fleld. Similarly,
these surveys have demanstrated that
subs{dence attrfdutadble to of)field
operation §s being arrested by a pregram
of subsurface retervoir pressure ma{n-
tenance based on watar fnjection.

011 field subs{dence, which in rare cases
has been extremely damzging, can be
datectad at an early date following the
advent of production by precise leveling
surveys. Corrective measures can than be
instituted. to arrest subs{dence defore
damage to surface structures or wells
occurs., As a result, the principa)
problems which have been associated with
subs {denca can be prevented, '

-

011field subs{dence may be due to a wide ~°
assortment of causes, chiefly geologic in
sature, and thermfore {ts prediction may
not be quantitatively accomplighed. Frem
a qualitative point of view, however, the
construction of a model using empirical
components may be extremely helpful fn
forecasting subsidence prospects and
estimating thefr magnftude, Sudsurface
gealonic data, coupled with other related
information, are iadispensable in the
accuracy of such forecasts.
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S
2ons Raparno Miocene Main |Miccene Doe:J
Year of Firnt Praduction 1967 1666 1967
Ressrvoir Arsa {Acres) - 840 -
Depth o Top of Zons (h) 3200 5350 6750
Maximum Width (It.) 2000 3300 2100

Ratic of Depth/Width* 1.8 1.6 29

Net Sand Thickness st Creet (ft)) 535 465 426
Aversga Porosity (% bulk voluma) 28.6 yxN) 20.2
Aversge Permesbility {millidarcies) 265.0 108.0 22.0
Imteestitial Watar (% pore tpace] 22.0 227 26.0
Origingd Oil i Ptaos (barrets/acra—feet) 1349 990 710
Original Solution Gas—Qil Ratio {nandard cubic feet/berrel) 500 685 1040

Initia! Formation Volume Factor (volume }/volume 1.283 1.40 1.64
Origina! Reservoiv Premura {prig) 2200 28502920 3300
Saturstion Pressurs {psig 200 26802975 3300

Dutusn {foet wibeea) 4700 5700 7000
Ressrvair Temparatiise (OF) - R | e 200 215

A. P. L. Gravity of Ot {°) 30-35 22-30 | 045

"Ratio of Depth/Width a1 Wilmington Ranger Zons 2300/15000 = .15
Tahte ) ~ Beverly HillIs {Easll Reservois Dala

- (A0 Ry 4,
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Fig. 9 - Annual rate of earth maovement for the pariod 1949
1963.
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Fig. 10 - Annual rate ot sarth movement for the period March 1967
to March 1971, based on 3 mean sea level datum.
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Flg. 13 =~ Anpual rate of earth movement for the perled October 1972 b
October 1973, based on B.M. No. & as datum.

fig. 14 - Earthquake epicenter map for the period 1934 1o 1974 data from
Callfornia Institute of Technology and USC Geophysical Lab.

é(:’[ﬁ



ma3>

—— g —— ——
e —

1967 CATUM

—_———
T

YEAR

O max

o N

'S

Z - M3IL OaTuynmm

: e ¢ .

2 e

A

W

p

d

oy ! | | | | ] t | |

e 1224 3 % 108® 1970 an a7 1973 7e 1979

Fig. 11 - Adjustment of B. M. Ng. 82 bo a constant datum as of
March 1967.

Fig. 12 = Annual rate of earth movement for the perlod March 1967 o

March 1971, based on B.M. No. 82 xs datum,
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