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Resfonal Structural Co"dftf~ns

The ~rrrtry of the trapptng structu~

for the 8evrrly Ht11s (East) f1eld virtes
f~ I tfght:as~tr1cal fold .ith1" tfte
deep K1ocene;sedtmentl to a b~ad gentle
fold i" the ilta n.,..r ,~,. pIfocene
rods to I· "early "at-17f"9 or gently
dippfn9 sedfmenta~ section fn the
shallow ~, P11oceft8-Plefstocene ,
sedt~ntS. The s1gnff1clnt oil Ic~ll­
ttons occur wfthin the deep tightly
folded ~ecttOft .~fc" reflects. along _tth
the .ssacfated thrust '.ultln9. strohg
rtOrth"sO\lth c:~ressIDn. This ~ol'lf1g\1r..
.tfD" should f"",lsh strong arc~ st$ppert
w,thin both th~ producing Inte~lls and
the o~rl11ng, tipping rock (Figure .).

The shll1~r Repetto hY~rac.rbon
Iccumulat1ons~ which Ire not &~ large or
as eltenl1w@ l~ the ~1n zone. lie .Ithfn
the 1IIDr'f' ~"tl>, folded portion Df tM

Subsidence which might be Ittributed to
o11f1eld ~roductio" 15 depfcted fft F1gures 12.
13 and 15. Notfce that the sUbs1dfng a~a fs
approximately lZ.OOO feet fn radius with a
max1~ of 4.6 inches of dffferential subsid­
ence at the ee"ter. Stilted differently, the
regional tilt amOunts to about 5 inches i"

111:11'1! than bIG mfl es.

(1)

- ......... -._~_.-.,-_.._--~
6ewerly Hfl~~ (East) field subsidence

~hould ~ co.red "' th that of th~ Hollywood
.I syncline 1Ir!1 to :t~e nort.h (F1gu~ 18) "here
! "early 11 inc:hes :"as resulted 'P"OIIl tectonic
, forces and ~tplet1o" of ~hlllow aquifers. In

neither case. ~~Yer, has In1 sUr"face damage
'. bee" ",ported fro'm this dtfferenthl 1IOV@ll1ent.
.', . -- -~.,

Contra' 1tn9 Geologic Charactet'fstics ~. :---,

aet~" 1953 ~nd 1966 .nen t~ water
• Uble remained e~s~"t1a111 sta~fr=. the
overlying surface cont1~ued to sUbsfrle ­
~PI'i're"tly due to tectonic activity/"! By Igaln
compa~fn9 Figures 9 and 16. as waS done '" t~e

)
ewaluatton of tecto"fcal1y Induced subs1~enee,'

ltea" be see" tM~-isA1_t.Qrre la Uon
i b€fieen tile hTjFii'St J.~ tes of~..subsi dence iI/ld

[~e 5quifer thlc~ness. It also bADpe"! that
the greatest change 1" water table ~le~at1ans
/lave also occurred ill"theilrea of gl"'elltest
aquifer thidness. For" ua~)e:frt the a~a
of the Beverly Hills (East) field w~ere the
fresnwater aQui fer is nearly ana feet thfd:.
the wate" table has been lower'ed app",ll'fllMtely
140 feet $1nce the early 1900s.

Prior til production "t'OIlI the Beverly
. Iltl1s (ElJst) ffeld. it ~as conc:ehable that
. '5Jlg~t ~ubsfdence from oilfield produetfo"

nrlgh t occur. As" consequence, a netw(lrk of
p"!~lse levelin9 traverses .as in1t1ated to
detect surface ele~ltfon'changes at an ea~ly

date so that eorrrct1ve measures could be
t.I ten 1f retlu fred.

In Figure 15. acceleration and move~nt
It B'ench I1a r\: 120 I fter U66 h be 1h1vett
to be related in pa~t to o1lffeld production.
This s119~t 1ncre~se 1n ground ~Yeme~t C8"
also be s~en, in Figure 18. a profile of total
ground movements since 194~ alon9 La C1enega
Boulevard. Durfng the early life of the
otlffeld when oil production exceeded 30,000
~arM!ls per day. the subsidence rate fram
11 ca~es 1nc~ult4 to II ,nufllTlm of 0.12 fQOt

: fer year during a sh·mcnth perfod tn 1969.IAfter ~1arcn of 1971. it can be SMn f"Ol7l
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I ,,~re 10(:atedJoutheast .Df-1be....uea of
~tudy wfthin what fs called the cen~ral ~5i"
fr~shWater aquif~r, in I" area beneath which
hydrocareons have "e~~r been ~1t~drawn.

Th1s To"g-te~ record shows a good co~r~latfon
slnc~ 1926 between surface ~bsfdence and
f~5~ater withdrawals. How ,""eh 0' this
I!f'ven2"t t s due to tect~"1c acth1.1~ ,f 5 ;7"

unk"own. 5. ?:' ( .." ,r - l'~ I I .' .... • ~- •

I '., //.-! I Ye,'-'~': r _.j. /. ffCo - - .' ,
Sedfments c:omprfsf"g t~ese aquifer'S 1f"2

deScribed as ne~rly flat-lyfng. loose.
unconsoJ1dated sands Ind 9rawels i~terbedded

with ,flts and clays (Fowler 1961 12). The
s~me aquifers extend ~rt~ster11 across the
Beverly 1If11$ (East) field. In Figure 15.
~urface moYe~nes at one ~f the bench ~~ks

ce"r:~~d over the field are corap.tM!d to ""fd
l!vel cn.anges in the u"de..ly1ng f,.~s~ater

aquffer. In thfs f"stance. be~" 1935 ~nd
1953 subsidence WIS occu~1"g IS I result of
both fr2shwat~r fluid withdrlwals and tectonic
actfvftYi but it 15 Impossible ta·dfscrfmfnat!
(Jf'Ie from the ot"er.
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i1 • 'Poras 1ty
b. L1 tho' og)'
c. Preeonsoli !!at10" and CefIlI!ntili t 1Oil

Pores itt - All of the cOn1lErchlly *
product Vt lon@s are made up of clastic
sediments with 'nte~ranular porosity•
Th~ porosity versus depth curve fo~ the
ffeld ~as been constructed utf"zf~g

both core data an~ de~sf~ 'oq information
(Figure 21). This plot shows an average
n!rl Ut; t 1on 'h po n::J S fty ",it!\ dept h c f
approl1mat~ly 2% per 1,~OO feet. A
further reduct1o" of this awafla~'~ ~ofd

vol~ C4n occur as a re~ult of' grain
fracturing, or rearrangement of t~e g~ai~s

whi,h c:on!itHute the host rock. or both.
rn the Bev~rly Hills (East) ff~ld. the
Shallow ReiP~tto zon~s _f th thet r $11 g,h[11
higher po~sfttes wer'@ expected to
undergo agl"'eater c~itnge per u.,i t YolulTl!
than wer~ tne deeper ~1n and Deep zones.

litholoqr. - In 1ntergranular reseryotrs.
£he degree of sorting and mineral cont!nt
are t~e principal lithologic ~ariables

wh1ch control ~o"so1'dlt1o". From ditch
sa1'1'\'1es. eo res and sf dewa" sl"l' 1es,. ,'f t
was detenn1ned thet these l'"'eserYOfr 1""Oc:lts
are generally poorly sort~d. dirty
arql"aceous artoslc sonds Which Cln'be
physically u"stlble when subjected to
addtt1~al lOlding. This type of 11t~1­

D~ 15 generally more 5u~ject to consol­
idltlOfl than Ire clean. we-ll~lQrted '
qulrtz1ttc SI~S (MI.de 19681J I. Tftfs
difference is CPltefly due to the presence
of ~f"erals whfth ,tther fafl rapidly by
shea,1ng or yield pllstfca11y ~~n

additional loads Ire applted.

F'rec:o"50lfdac1on and Cementltlon -
Thlse varfables ere basically ~lated to
deptk of burtal. ma~imuM loadin9 du~fn9
geoloq1c time and en-mital cementation of
th~ rod matrix b)' "geologic processes.
At Bl!¥er11 1i11Ts. the sh.llGW R$etto
sands I~ not well consol1dated and:tend
to flow qutt~ readily. n!cess1tat~n9

(2)

F~ the subsu,face structural patterns
~pped tD date and sup~lemented by
density log n!eords aMd fnjectivi~

tests, there is good supporting evidence
whiCh 1ndicates that the ma.1m~ pr1n­
c{pal stress df~ct1on lies tn the
~Dr1lontll north-south df~ction,

whereas the least prlncfpal stress
direction lfe~ in the horizontal east­
west direction. Thi~ places t~ 1nter.
medfate stress access in the vert1cal
dfrection a~d consists of the o~erburde"

load. a gradtent of a~proxfmate'y 0.9 pst
per foot. ([nject1v1ty tests broke down
the Hain zone sediments It a fractu~d
gradient cf 1.2! psi per foot.)

Other 1mportlnt subsidence controlling
factors are the depth to prod~ctfon.

breadt~ ~nd length of the .ccumvlattons
Ind the thfckness of eacft productive
lone. In the Beverly If111s (East) ftel d.
the shallow producing resel"vof rs are
ge~ral1y thin and limited 1" areal
estent. ~ ~ontributfon to surface
subsfdence was a~tictplted from these
zones because Df thefr shallow depth of
bor1.1 between 3,600 feet and 4,500 feet
and their nearly horfzontal attftude.

The major produc1n~ reservoirs. Main
!"d Oe@p lones, a~ cons1derably d~per

within t~ stron9ly arched section of the
entr~ppin9 anticlfne. The m1n1~um depth
to the top of the ~tn zone is 5,400
feet. 'The minimum ~epth to the top of
the Deep zone is appro.z1lNtely 6.ACO
'~t. The ratfos of breadth af ,ccvrli.l­
l.tton to depth fo~ each sfgniff~ant

zone are lilted tn Tab1e 1. Thickness of
tfle oil productfw "-In section 15
1'"Presshe on tlfe sCNt.h flank w+l~re the
beds .N stlnding r-early vertfcal. on
product1.e thIckness 0" this 'll"K ranges
up to 1.000 fee~. whel"l!lS aft the "orth
flank. which 1$ mo~ gently dipp1ng.
tht pnxlucthe sectfon 4Ver!ges about 650
feet 1n thickness. There is·.lsathe
strong 11kel1hood that these d~per
MiOcene ~seryofrs are ~re reststfve to
consol1datfon dU! tD netained tectontc
pJOe-stren1"9.

.
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structure. structural SUpport f~
archfng was ~t expected .,thin these
sha110wer sedfmen~s. The overlyIng
yaunger formations rest nearly hortzon­
tilly as a dead load on these shallower
productf"e zones.
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URSM OIL PRODUCTION MID SUOSIOEHCE CO~TROl • A ~E HISTDRY
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The BeYerly Hfl1s (East) o1'fl~ld i~ ~
situated in an a~a unde~A'"~ • ~

b , .c,.;. 'Y' '" r~'llC"1lI1
su S ~nce as a ccnsequence of tecton1t
forces. Imprtnted UPO" thi$ reqto~D'
dawnwarpin~ .re subsidence compo~entl
arising from shallow wat~r ProdYct1on ano
deep@r otlfield flUid w1thdra_als.
Sfngly o~ fn combination. th~se forces
pI"oduce .5ubs1dence measurable in no
Imre than I ff!W k....d~dt)j5 of " foot per
yelr.

Pr1!c1 se le~l fng surveys conducted b)'
Standard on C~any of CalHornia and )'
Oce ide" tlll .Pet1"01eum Co~re t f on haye
been effectfve 1n det!ctfng and monito~f~9
surfac~ e1ewatfon ehanges over the
Bewerl,)' ~Hh (East) ol1ffeld. Si",flarly.
thes~ 5U,.VeYS have de~"5trated thlt
Sub5td~ce :Ittrfbutsble to o11'feJd
o~"8tion is ~tng arrested b1 I pJ"Ogram
of subsurf~ce reserYot r pn!ssure N 1".
tenance based on water injection.

011f1eld subsidence. which fn rare caseS
haS been e~tremely da~g1ng. can be .
dftt~cted at In early date foll~'ng t~~

advent 0' production by precise le~e11~g

sur¥eys. Corrective measures can then be
instituted to a~st subsidence before
dallllllg9 to surface structu~s or wells
.occul"5. As" result. the p,.i"c:1~al
problel"lll ",hich have been associated wf ~h
swb~idenca· can be pre¥eftted.

011rteld $~bsfdence ~ be due to I ~ide
ISSDr~nt 0' tluses. ck1ef1y geologie in
nature. ,,,11 tnenrfore 1ts predfct'on '"ltY
not be qU4ntitativelj I~complfs~ed. Fr~

a qual1tative pofnt 0' vfew, haweye~. the
construction 0' • model using empirtc~l
components may be e~tre~ly helpful fn
forecastt"9 SUbsidence p~~ects e~d

estfMating their magrittude. Subsurface
geolo~1c dati. coupled ~ft~ other related

. f "fo nnatt on. a r"! t ntl15pert~ab1e in the
acc~rlcy of SUc" fOr!CBstS.

2.

3.

4.

5.

9rl~1 pack completions. The deeper Ha1n
and Deep zone sands s~~ a Consfderable
degree of consolfdat'cn a~d ce~ t f

tl b f
m",n at on

~ppa~n Y ecause 0 depth of bU~la1
greater age and t~e presence ~f $trong
t!orfzonhl ccmprenl ~e force!. No
sl9"fffcant st~fpptng or removal of
shaltc.er sedfments appears to have
occurred in this area. The stratigraphic:
col~ as presented (Ffgurt 6). appea~s

to be one 0' • no~l sequence Of deposl~

~fon 'nterrupted by minor unconfonnftles.

C~ntatfo" of the Mat" zone wfth second­
ary lIIineralizatfon 1.5 ltmited to o"ly ~
occasfdoll lf~-ce~"ted strtngers.
Sur/ae! compressibllfty tests were ~ on
~fn lone cores and indfcated rock
c~ress1b1lft1e~ a¥er'9~d 4.12 ~ 10-6
PY/PV/PSI fo" changes fn effective
overburden pressure beMen 2.300 pst and
3.900 psf. These det!~inat1Dn$ do not
appear to reflect tru8 subsurface con­
ditfons. because the amount of measured
sllbsfden~e does not llppt'Oach theoretical
p~dfctfon$. or th. difference between
theoretical and actual consolfdation may
reflect inherent structural arch SUPPD~t.

P~c1sfon collar logs hllV'e been run 1n -*
foul" 'tells ",ft" 5 ~peat run 1" one ~11.·

Du@ to the large number of hfghly devi­
ated holes, it h.~ been imposstble to run
as many p~c1sfo" ~oll~r logs as desirable
to check for subsurface compaction_ From
the repeat runs (January 30. 1967 and
November 6. 1970). "egtfg1ble compactfon
wAS noted opposite th@ Repetto zones. b~t

this c~ctfo" W~5 50 s~ll that it _is
ba~ly wft~in the limfts of the accuracy
of the measur1ng fnstrum!nt. A repelt
I"un tt1rough the deeper zone hIlS I'ltlt been
~de as of this date.

POSSIBLE EFfECTS OF EARTH PIlVEJ1fHT

Surhce ea"th IIIOvemllnts ""1ch 1M)' be t
associated with oilff,ld operatfons 1n the
Bey!~ly Ht11s (East) ~1eld h.Ye been tnsu"i.
etent to cause any dallllge to surface struc~

tu~s. 8~ause of t"- p-reSSUf'1!I u1nunlnce
~P"'Ogralllnow '" progJ"ess. future subs f denet!
attrfbutable to production should be substan­
tially tess and 'n,1gniftcant. It h certain
to De ~11 '" compar1son with long-term
surface ~nt) arisfng f~ other causes.

St~s$e$ which Iccumulated in the sub­
,urfaOl IS I result of possible consolidation
wfthin the producing zon!s and ove~ly1ng cap
1"Od: Ny hl~ caused SOlftl! C:Uf n9 <let'orNtfon
coincident .tt~ t~e decline in fo~t10n

~"I!SSUnt. NCllIf tftH water fl'lject1on h JlIl1n-

I

)
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Zone
Rlpeno Miooene M.in Miocene Deep

V.. of Fint P,oduc1kHt
1967 \966 1967

R~, AIel (ACNIJ - 84D -
Depth In Top D! Zone fh..) 3200 5350 6750
Muimum Width lh.1 2000 3300 2JOO
Ratio of~· 1.8 1.6 2.9
Nft s.nd Thick.... It CnIt 1ft.) 535 465 425
AvengI PoroIity (" bulk voiUnlI) 28.6 13., 20.3
A~~ fmitlidlrcielI 265.0 108.0 22.0
InUrItitYI ~.. C% pore ....1 22.0 22.1 . 26.0
Orivinat Oil '" PlIOI It.TehlKA-het) 1349 990 710
ar.Ma Sohtlion Ga-011 R81io (1tJIndard cutNc feeUbunll) 500 666 1040
IniUaS Formation Volume FICtOr lvolume l/volunwl 1.283 1.40 1.64
Oritinal ReIer¥oil Pn.u... {paiel 2200 2850-2920 3300
SMwl1ton "..,. {paiel 2200 ~2975 3300
D.un (fMl 1Ut.M) 4700 6100 1000

..·R~i~1tiiN ·,oH ....... ... ... 110 200 215
A. P. I. Gtewity of Ot, ~o) 30-35 22-30 cG-45

-Ratio of Dlpth!Widttt I' Wilmington RIIflIIf lone 2300/15000 '" .15

Timle ] ~ Beverl)' Hliis lhsl} Reservoir Oala

(
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March 1967.
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Fig. 12 4 Annual nt. of ear1J'l movement 'or the period M"th 1967 tD
March 1971. based on 8. M. No. 82 as datum.
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fig. 15 - Graph of 5urface change In elevation at 8. M. 120 and / 7l.'/~ "of'''' ;:;t?1/'!i1 r;h~ '.
hydrogr~h of fluid levels at B. H. City water well No.4. •
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Fig. ]6 w Iscchore m~ of fr~sl'1 water aqulfer~. Refer tI Fig.• for
stntl9r~hlc positron.
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