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HONORABLE MAYOR AND CITY COUNCIL
City of Long Beach

California

RECOMMENDATION:

Receive and file the attached report, “Elevation Changes in the City of Long
Beach, November 2007 through April 2008.” (Citywide)

DISCUSSION

The City of Long Beach (City), through the Long Beach Gas and Oil Department
(LBGO), supervises oil production and subsidence control operations in the Wilmington
Oil Field. LBGO conducts elevation surveys every six months to monitor elevation
changes in the oil fields and adjacent City areas. This report focuses on elevation
changes that have occurred from November 2007 through April 2008. The LBGO
survey includes the following areas: Civic Center, Central City, Alamitos Bay, Naples,
Harbor District, and an offshore area encompassing the four offshore oil islands.

The results of the six-month survey show that elevations were stable in the Civic
Center, Central City, Alamitos Bay, Naples, and offshore areas. Harbor District
elevations were stable except in one small area where an elevation loss of up to 0.070
feet (0.840 inches) was observed overlying parts of Piers A and S, adjacent to the
Cerritos Channel. There is no reason for concern as this area had minor elevation
changes due to waterflood adjustments corresponding to oil field development
programs. LBGO is mitigating the elevation change in the area by increasing and
realigning water injection.

The LBGO survey uses a series of bench marks to determine elevation changes.
Studies by the Department’s engineers and geologists show that the bench marks may
rise and fall in such a manner as to make a survey either optimistic (slightly up in
elevation) or pessimistic (slightly down in elevation). These changes in elevations may
be associated with tidal cycles, temperature changes, and/or deep earth tectonic
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changes or repressuring operations. Surface elevations in a rebounded area can be
expected to fluctuate under changing water flood conditions.
Principal Deputy City Attorney Charles Parkin reviewed this item on August 19, 2008.

TIMING CONSIDERATIONS

City Council action on this matter is not time critical.
FISCAL IMPACT
There is no fiscal impact associated with this action.
SUGGESTED ACTION:

Approve recommendation.

Respectiul

ubmitted,

CHRISTOPHER' J. G
DIRECTOR OF LONG BE GAS AND OIL

CJG:jdj APPROVED:

Y

PATRICK H. WEST
CITY MANAGER
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ELEVATION SURVEY ANALYSIS

The City of Long Beach semi-annual elevation survey of the Civic Center, Central City,
Harbor, Alamitos Bay, Naples, and offshore areas was conducted during May 2008.
Changes in elevation that have occurred since the last two surveys, November 2007 and
May 2008 are discussed in this report. The results in this report reflect elevation changes
both within and beyond the scope of oilfield operations. Some are due to natural geologic

factors.

Elevation Change — November 2007 through April 2008 (Figure 1)

Elevations throughout the Civic Center, Alamitos Bay, Naples, and offshore areas were

stable during the six-month period.

The Harbor District elevations were stable during the six-month period. Piers A and S
experienced a localized elevation decrease of 0.050 to 0.070 feet (0.60 to .84 inches).
Elevations at the southern portion of the curtailed Tar |l steamflood on Pier A West and
adjacent Henry Ford Avenue declined up to 0.050 feet (0.60 inches) during the 6-month
period. These minor elevation declines were due to oil production and water injection
realignment to the previous focused oil field development program. Water injection

volumes have also been increased by Long Beach Gas and Qil (LBGO).

Elevations in the City of Long Beach beyond the boundaries of the Wilmington Oil Field
were stable. Minor elevation changes in geologically active areas outside the Wilmington

Oil Field indicate that this six-month period was a “down” period semi-regionally.



Elevation Change — May 2007 through April 2008 (Figure 2)

Elevations throughout the Central City, Alamitos Bay, Naples, and offshore areas

remained stable during the 12-month period.

The Harbor District remained stable during the 12-month period except for two minor
changes. A localized elevation gain of up to 0.075 feet (0.90 inches) occurred on Piers D
and E overlying Fault Blocks IV and V. Water injection has been reduced in this area.

An elevation decrease of up to 0.079 feet (0.95 inches) was observed on the northern
portion of Pier S, adjacent to the Cerritos Channel. This decrease was due to the
temporary focused oil field development program. Water injection has been increased to

correct the elevation loss.

Use of Global Positioning System (GPS)
LBGO operates the Long Beach Deformation Network (LBDN) consisting of thirteen (13)

permanent, reference GPS base stations. This report is based solely upon computer

processed LBDN bench mark elevation data generated from GPS satellites. GPS
elevation measurements have been demonstrated to be reliable and can be more
accurate than the spirit leveling which it replaced. The field data collection time has been
reduced by more than 65 percent and the 800 spirit leveled bench marks have been

reduced to approximately 240 GPS bench marks.

(Reference: Appendix, Survey Accuracy, pg. 7)



APPENDIX

Brief History of Long Beach Subsidence

Long Beach and the general vicinity have a history of regional subsidence (losses of
elevation) since 1929. Elevation changes were minor amounting to an average of about -
0.036 feet (-0.43 inches) per year until about 1939. Geologic movement such as the
Long Beach Earthquake of March 1933 altered this average rate at times. The reason for
this slight regional subsidence or slight elevation loss is not fully understood. Contributing
causes appear to be groundwater withdrawal from aquifers in the Long Beach area,

regional basin sediment compaction, and tectonic effects.

Development of the Wilmington Oil Field began in 1936. Oil operations accelerated
subsidence and created a 29-feet deep subsidence bowl centered in the Wilmington-Long
Beach Harbor area near Bench Mark 8772 (Figure 6). Development of the Ranger Zone
west of Pine Avenue and its extension seaward in 1947 started the first definitive

subsidence in the Central Business District that could be attributed to oil production.

Repressuring operations began in the 1950s. By 1965, subsidence stopped throughout
the Long Beach portion of the Wilmington Oil Field. Some bench marks have actually
recovered over one foot in elevation. This is known as rebound. As an example, from
1960 to 1970, Bench Mark No. 1735 near the corner of Ocean Boulevard and Magnolia

Avenue recovered approximately one foot of elevation.

In the 1990s, a large Harbor redevelopment project on Pier A destroyed several bench
marks that overlaid the now curtailed steamflood project. Elevation losses in the area
were suspected and the destruction of these bench marks made it difficult to monitor any
changes. In 1998, after the bench marks were replaced, additional well bore
investigations determined that subsurface compaction of the deep shale intervals was
occurring above the steam flooded zones due to high temperatures. The Fault Block li
Tar Zone Steamflood was terminated in 1999, and cold-water injection was initiated. The

forced cooling of the deep formations has remedied the subsidence problem.



The Alamitos Bay and Naples area had losses in elevation prior to development of the
adjacent oil operations. These original small losses were most likely due to the regional
affects of basin sediment compaction and tectonic movements along the Newport-
Inglewood Fault Zone. Later, the coastal strip from the Civic Center eastward to the
Alamitos Bay Peninsula lost elevation due to oil and gas production from the West
Wilmington Oil Field and possibly the adjacent oil fields. The coastal strip rebounded
slightly due to water injection from the offshore Oil Islands that began in 1965.

Survey Accuracy

The May 2002 Elevation Leveling Campaign marked the conversion from spirit, first and
second order rod leveling, to GPS measurement of City and Harbor bench mark
elevations. Through the GPS contractor, Pinnacle Technologies, Inc., a network of
thirteen permanent real-time GPS base stations and a central data collection and
processing center were installed within the City of Long Beach. Several existing non-City
operated stations were integrated into the new network. The Public Works Department’s
Bureau of Engineering surveyors utilize mobile GPS equipment linked to the base
stations to measure approximately 240 City and Harbor bench marks, down from the

previous 800 bench marks.

Through statistical analysis of satellite, base station, and mobile instrument geometries,
and a coincident spirit leveling and GPS bench mark elevation survey, City surveyors and
Pinnacle estimate the accuracy of GPS elevations to be 6 - 8 millimeters (0.02 feet or
0.24 inches) that is equal to or better than the prior spirit leveling. Areas are considered

to be stable where elevation change is less than 0.02 feet (0.24 inches).

Studies by the City’s subsidence control engineers, geologists, and consultants show that
the bench marks may at times rise and fall somewhat rhythmically city-wide in such a
manner as to make an entire survey either optimistic or pessimistic. These elevation
changes are random and not well understood. Repressuring operations and the resulting

rebound can mask the rise or fall pattern. Surface elevations in a rebounded area can be

6



expected to fluctuate under changing water flood conditions. Because of these
fluctuations, conclusions based upon short-term survey data should be viewed with
caution. Short-term survey data are useful for possible early detection and confirmation
of subsidence trends or relative elevation changes but should not be accepted without
consideration of the above factors. Annual survey data tend to average these fluctuations

and depict a more dependable picture of the relative movements of bench marks.

Elevation Change Map Construction (Figure 1 and 2)

All data are presented as contour lines showing the average change in surface elevation
during a particular time period. For example, any point along a line reading 0.05 feet
(0.60 inches) on an Elevation Change Map gained an elevation of one-twentieth of a foot
or six-tenths of an inch during that period. The small hachures along contour lines point

towards a loss in elevation.

Bench Mark Location Map (Figure 3)

This map shows the location of bench marks used for the Bench Mark and Net Injection

Graphs.

Bench Mark and Net Injection Graphs, Harbor District (Figures 4 -7)

The bench marks are normalized to mean sea level. Bench marks are plotted each time
they are surveyed and are shown on a graph with a history of net injection for that same
area and time. The net injection is the amount of water injected into the reservoirs that
underlie that particular bench mark minus the gross fluid produced from the reservoirs in

barrels per day. The graphs cover 20 years of net injection and bench mark monitoring.

In general, these graphs show a good correlation between the net injection and elevation
change. For example, an increase in net injection is usually followed by an increase in
elevation. There tends to be a lag time of months and sometimes years between the net
injection change and the subsequent elevation change. The elevation plots of bench

marks on Figures 4 through 7 in the Harbor District illustrate surface elevation fluctuations



that can be expected to occur under the dynamic reservoir conditions experienced in

extremely mature waterflooding operations.

Bench Mark and Net Injection Graphs, Ocean Boulevard and the Offshore Drilling

Islands (Figures 8 —13)

The last 20 years of elevation changes and accompanying net injection histories are
shown on Figures 8 through 13 for bench marks located along Ocean Boulevard and on
the offshore drilling islands. The elevation changes at Ocean Boulevard near Magnolia
Avenue are shown by the graph of Bench Mark 1735 and Bench Mark 1215 on Figure 8.
Permanent GPS Station WELL on Figure 12 shows surface elevation changes on the

Alamitos Bay Peninsula. Bench Mark 938 monitors elevation on Naples Island.



-------

Figure 1

Contour Interval: 0.050 Feat (0.60 Inches) N |
Hachures Point Toward Elevation Loss [ | ELEVATION CHANGE
A GPS Reference Station il | NOVEMBER 2007 THROUGH APRIL 2008




Ar Intarval: 0.050 Faet (0.60 Inchas)

Hachures Polnt Toward Elevation Loss
A GPS Reterence Station

i

Figure 2

AR AND OIL DEPARTMENT

ELEVATION CHANGE
MAY 2007 THROUGH APRIL 2008

[er———r——

| g i

[ ——
- W




AR D

Figure 3

CITY OF LONG BEACH
GAS AND OIL DEPARTMENT

: BENCH MARK LOCATION MAP
|J @ Bench Mark Location : W

Whap D by Jogmans 8T P

Dnwwmiry: [ NEWMAR

AL FALILT TRACES AR APPHOXMATED Tk 1 2000 F Ui 15881
(TRALIES (8 HARGEN 1L IN) Gy iy Sdmsatesn ah




—60

E-55

E-50

TOPKO 45

E-40

FBIIA&B SEG. 1 &2 35

E-30

E-25

] ) A 20

E-15

AT AN .

VAN ; ~ 3
n N i~ -

¥

< : -10
i Y ~NET INJECTION £ 0

.20
leYIK!III!IIIIIFllb‘l--25

LI ) L B | TTorT L L LS B ) L S | L) LI T ¥ LI LS LENLE LI LI L) i I
1988 1989 1930 1991 1992 1933 4994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

T e = 135
E-12.5

BM2438 BM3069. 12

BM842—__] BMDestoyed |~ : 115
BM Destroyed _—

L 4

] 5105
W05 i . g

) - _ i 5
=45

-1:2; e e i o i b
A BM22977B\-« i

b —--1.8

E-_2 1

TTT

D.OP CompE-S305 Rev. JJ 716008 Figure 4



® O ) ) e S 40
o TOPKO .
§25§ FBIII SEG.1 &2 £25
(=] 3 C
;_20—;7\ : =20
g 15 fA 15
e I YEMAYEREN A
G 53 A AV\ _;[\' -5
5 OE v \ \'/ b N g — _JMAVN ;0
= 55 \/\, 5_5
- Reide 3
103 // 10
s NET INJECTION 5
-2051-- rTTT T T T Ty Tt T T+ Tttt B I e ..E_QU
219|198 | 1969 | 1990, (1991, {1992 | 1999 | 1954 | 1995 | 1996 \ {997 | 1998 1 1999 | 2000 | 2001\ 2062 \ 2009 | 2004 | 7005 | 006 \ 2007 2008 4,
209 5209
206 i i s = =206
202‘3 BM5057— | '333
ek T e s s S - — BM4013 E
512‘22 [~ o | BMDestroyed E 193
g == P-4 ——C = :
'511.9;g £119
w924 +- e £9.2
Tgode b [ e, 80
8.6 Vi e - £ 8.6
o BM4077 7 DR o1
e |1 9
4

D.OP. Comp E-541-05 Rav. ] 7/16/08

Figure 5



60 1 | 1 | 1 1 1 1 | | | | : 60
55 55
50- TOPKO - 50
5 457 FBIV SEG. 1, 2 & PARCEL "L" 45
8 404 - e ; 40
& 35 l I £35
2wl 1A _NET INJECTION
2 ol S AT / B —
G 204+ < 20
s 154 I A \ A // 15
2 Y] 1Y V\\l NAla AT N M s
by | o
5 5
1o R | T 167 o 1
149 - —— l._._—»——#—ib—-*—«-*.—-w—_‘_ . M’;"M“t e » 149
£ 145 BM1699 — R T Tl S O
Z 143 143
ﬁ 14 [ — n-_.‘-n-}w_.:l\“ 14
& 1374— BM4005 - = e . *Tki—m
; 132 T E kry
FEC: R A 0 e Bl B
1284 = = , = ;-12.8
1313 BM8772 o ek, S 2 i il
-134- e} E.134

D.0.P. CompE-53505 Rev.JJ 716008

Figure 6



:g I j— gg
50- TOPKO 50
5 FBV SEG.1&2| %
(=] E . . -
§35 Umt & Non—Umt 535
@ 303 30
5 25 - £ 25
K 204 /A A\ 20
pemalvim) ATy -
§ N M VWY Y VAL
; '\\ v L3 E
03 - E0
5 ~NET INJECTION E
G = TR U SNV (RN NN S A NN (S O BN NN B T
19668 19689 1980 1991 1992 1983 1994 18995 19*!19'?'1“!1“ m[m 2002 = 2003 2004 2006 2007 2008
235 £235
224~ BM1471 B : —— : i i T [l 5
229—§— BM DOWH é 229
= BM2377 ——1ng
|_15-1- o o G BM1975 61
s BM1910 1M Tttt | ol | &, 1oty o0
§15:2# BM Replaced ;5;152
S119 BM1447 < E119
11.6-£MWWM 116
113 | | 113
11

D.OP. Comp E-550-05 Rev.JJ 7HE/08

11
Figure 7



ELEVATION (FT)

. [ e s 60
553 55
0 THUMS-TOPKO
45 45
g 40 FB VI o
2 359 : 35
= 304 3 30
o 254 A E 05
g— 20 5 / /\ r\ A A - A A 5 20
CIRLE v\ NVAS | W/ RV £ 10
3 v 3
: ] % EiT I
E G Fad \I %0
54 rs E 5
b NET INJECTION pd
154 15
e e T e e e sop
2372 P PP PP B PR PRI ST IS 237
243 BM1215=t5 I e e o
T BM158AT | s
x ag: BM Replaced BM1735‘“ ' '
2043— e =204
20.13 = = = NS W W S P SR SO S —  — e e S S
1983 £ 198
1953— BM1851 £195
122—— BM Replaced ‘w\‘ BM2368 < I :l]gg
15:9; \‘_-&_9—_‘ - - e A‘L:—'"‘*--IL'I - ""_l_—l_,_‘—159
156 =156
1533 153

D.OP. Comp E-562-05 Rev.JJ 717108

Figure 3»



] 11 8

45 =45

THUMS
. 353 35
X 25 ' E 25
o, 3 E
@ 20 E-20
515§ If\v\ 215
510; At "V‘ - \/_/'“‘ r m §10
£ 73 v P N[ N
b 07 \/ v X
CCE < 5

="
Lo}

<
m
~
<
o
m
O
=
o
<
\
N

'20 L L L LA T T

LS T LA LI LB LA LR LN | LB LB LI LA LI LR LB LI 20
1988 19689 1990 1991 1992 1993 1984 1995 1996 1897 1888 1999 2000 L 2001 2002 2003 2004 = 2005 6 2006 [ 2007 | 2008
44»4 : i1 L i Ll Li 1 Ll A LA i LA L AL AL L A4 L AL . » - A1 i AL - LAl L1 LA L L)
413 3 - - oA 4—4.—0—4»-‘_.0*0—_4;._‘,-4»—*4&—&—4—4*".—""4“" ’ B o e S
e e a3 e
43 8- : — £43 8
43 6- ~43 86
244+ BM1073= WHITE < 244
82414 r— 24 1
52381 BM1702 238
:23,5 . Bi-pt-tser = £235
A TIL) e .
T D, T ... 1 —— = E 14
w121 ! = .__FEI-_—‘WZI.,_._T__.I._¥_.__*__.__ﬁ__._ S ——-12.1
1183 BM1206 < o E-11.8
3 Lised ] 3
Hg e e BM1703 113

D.OF.Comp E-563-05 Rev: JJ 7TN7/08

Figure 9 -



40 40
353 F 35
" THUMS -
253 FB VIIIA s

s : ;

S 20 20

X ] @

e 154 -15

o A .ﬁ :

z L.

910‘ /A \ ‘10

AW A-L\E/’V Y 5
Ok \va %

z \/J\/\/ \.-/\/ -

- Y ba k-

E 03 / :0
%3 // -5

] NET INJECTION F
210 £.10
152 15
PRI il el Bl e B el Bisa® Bioal] o oo B Dwol bl Bisal a8 il wwil Sl e S RO T
& = = T

£ 3687 BM1076 =5 BM1743 -358

s BM Destroyed ~N 2

Z 355 P P 355

Egsz.ﬁig—/v = @ k‘ﬂ" i - h - 8 . & e § 352

?:3,49E 5349

346 Fa
?ﬁamEm L Figure 10



30 ~30
25 525
: THUMS :
20 [20
5 FB VIIIB z
= 157 15
S - ' -
=) ] r
% 107 10
ﬂeﬂ 5 E E5
: LU RS i
- 0 b 'y -0
&) 1 u
Z 59 wan -5
s - z
10 NET INJECTION 10
154 5-15
203 20
-25:... ..r:-25
1988 1989 1930 1991 1992 1933 1994 1995 1996 1997 1998 1999 2002 2003 2004 : 2005 2007 2008 6 5
65 - Ad A i Al i Ad i Al i d Al i A a4 id Ad i Ad i i i P i - A
g BM966 e =62
; 59 Discontinued \ J ; 59
2 56 | S e e el R, e el SR s a t - 3
E . E ¥ — 5 — F 56
> 533 £53
w 4 E
= :
s BM1776 & s
X - E47
D.OP. Comp E-564-05 Rev. JJ TN7/08

Figure 11



194
o

w w b b
o G O O

-
(8]

—

NET INJECTION B/D (X1000)
=

e
o

— e —
BN~

ELEVATION (FT) _

Wwh oo

o]
an

[] »
THUMS |
' 30
25

o]
o

h o w

-
(4]

10
\/V L 4 ~ il L~
// i

e 0

NET INJECTION- s

.10
T | 1o | o (o | 1o | T 1o | | (o070 | o | o | | e o |
l I l l;'—&ul—‘—l—*—l—‘—l—l—.——‘T?:B
WELL— 166
16.1
156
= EES===ES == SNy

i BM1709 % & "¢——<r—+—~v—0 R Y % 56

spm > _
1 BM225 BM938 25
4 uscontrues ™= 41
L L -* 36
g - o Py P - - - == 31

D.0.P. Comp E-55205 Rev: JJ 121108 Figure 12



254 .

THUMS
FB 905 |

10 | »

(X1000)

NET INJECTION B/D
> &
s
\
<7
(el
(=
{
=
x
“ ]
)
P
<
rd
b
s
>

- NET INJECTION 1

1988 1989 1990 1991 19892 1993 1894 1995 1996 1997 1998 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008
1"(‘1_4;1 Fa i LA i il Al A il 4 i L 4 Ad i P Ll PR | Ll A4 Ad T | L L d A A1 171

oo : £16 8
et T R i (1 A =165
L 16.23 -
B E15.9
156

153 BM1709 | 156

=153
W 154 :

: o 4 o 4 _— 15
147 3 o e

“e3 £ 14 4
D.OP. Comp E-565-05 Rev. & 7/21/08
Figure 13

1/






