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ABSTRACT
In 1974 Shell Ol bid $4.5 nmillion for two
federal |eases (4077 ac.) located south of
production at The Ceysers. Shell's second
wel | discovered dry steam tri ggeri ng five
stages of expanding resource devel opnent.
Initial devel opnent of 69MN of steam pronpt-

ed a 110 MWV power plant conmitnent from NCPA

in 1978. Stage Two saw conpl eted devel op-
ment drilling for Plant #1, a 55 MW Plant #2
commitnent, ending with Gace Geothernal

buying the steanfield in Sept 1983. Linited
drilling by Giace constituted Stage Three.
NCPA consequently purchased the steam field
in 1985, undertaking the accel erated devel -
opnent drilling required to suppl % i npendi n

startup of Plant #2 (neantinme doubled to 11

MWV capacity). The Stage Five Obi ective is
to now maintain 265 MVof available steam
To conbat depletion the steam field area was

recently expanded by 76% and augmented in-
jection is planned for inproved reservoir
pressure retention.

I NTRCDUCTI ON

The first U.S. Federal Governnent Geothermal
(KGRA) Lease Sale was held in January 1974.
I'ncluded were two adjacent parcels totali n?
4077 acres, at the time |ocated south of al

existing (private |ands) steam production at

The Geysers (see Fig. 1). These two parcels
received 13 bids, wth Shell QI wnning
both for $4.5 nmillion. Shell began drilling

ten nonths |ater at a location slightly east
of the Big Sulfur Oreek Fault, on trend with
Union's production 1.5 miles NW That first

well (A-2), which included tw redrilled
| egs, reached 8975 ft without finding steam
In June 1975 Shell spudded their second well
(B-2) one mle farther east, discovering
182,400 LBS/HR (12.2 M of dry steam at
4951 ft. That success has triggered to date
five stages of progressively increased re-

source developnent, including the present
drilling operations designed to further ex-
pand reservoir devel opnent in this Southeast
CGeysers area.

STAGE ONE- Exploration, Initial Devel opment
Imediately following the success of well
B-2 a wi de-ranging tenperature gradi ent hole

program was conducted and evaluated, while

three nore successful producing wells were
being drilled fromB and C pads. After add-
ing two (initially) successful wells on D
pad, for a total of six producers, a steam
sal es agreenent was signed between Shell and
Northern California Power Agency (NCPA) on
June 27, 1977. That agreenent commtted

NCPA to pernit and build a 110 MV (two 55 MV
turbine) power plant, while requiring Shell
to dedicate all the production fromthe

central and western portions (the "Prinmary
Bl ock") of its leases to this plant. The
Shel | devel opnent program continued uninter-
rupted for another year, with three wells
(E-10, G, J-1) of the next five drilled
being wunsuccessful attenpts to laterall
expand the proven reservoir area, and wt
one (E-9) of the two new productive wells
being damaged after conpletion. By early
Sept enber 1978 Stage One had been conpl et ed;
12 wel | s had been drilled, six were produc-
tive, and of those six the four wells
located within the Prinmary Bl ock were
collectively capable of producing 740,000
of steam

LBS/ HR (49.3 MY

AREAS OF DEVELOPED STEAM
PRODUCTION AS OF V175

FIGUREL

THEGEYSERS, CALIFARN A

Project One Conpletion, and

Pl ant #2 Conmi t ment

STAGE TWO-

Further devel opment of the steam field was
suspended a year wuntil State and Federal

aPproval s for construction of the power

pl ant were inmnent. Starting in Novenber

1979 Shell renewed drilling, plant construc-

tion approvals were received in April 1980,

and by August 1982 a series of 12 nore wells
had been drilled. Nine of those were pro-

ductive, with eight located in the Prinary
Bl ock. 2,116,000 LBS/HR (141.1 MN of steam
was now available for Plant #1, conpleting
its initial steamsupply requirenents. I'n
the nmeantine Shell had devel oped 26.3 MN of

steam deliverability from 3 wells |ocated
on its adjacent East Block, and an addi-

tional sales agreement had been nmde in
Sept enber 1980. NCPA was thereby commtted
to build a second power plant of 55 MV
capacity, plus add an additional (fourth) 55
MNturbine if sufficient steam supply were
| ater devel oped.
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Power generation at Plant #1 was initiated STAGE THREE- Steam Fi el d operations During
in January 1983, and full capath/ was Q@ ace' s Oanership
reached by June 1983. Three nonths later,
on Septenber 6, 1983, Shell sold to Gace Wthin 3 nonths after acqui rin? the steam
CGeothermal Co. all its geothermal interests field Gace drilled Q2 as their first well,
for $107 mllion, including the Southeast attenpting to expand the East Bl ock devel op-
Ceysers steanfield. That brought to a close ment area. During this time construction of
Stage Two of this devel opnent history. NCPA Plant #2 had been approved and was
underway, having been increased in capacity
Table 1 and Figure 2 sumarize the results to 110 MV as of Decenber 1982 so that NCPA
of the nine years of Shell o,oerati ons. The could: (1) have an installed backup turbine
15 production wells were [imted to |oca- for interim use during overhaul periods,
tions within the north-central portion of thereby maintaining normal output |evels,
the lease block, with dry holes existing to and (2) utilize any excess (>165 MN steam
the west, south and east. Consequent |y t he if it were to becone avail abl e.
area of reservoir devel opnent was about 300
acres, as approxinmated by taking the with- Fol lowing the failure of @2, which becane
drawal area of each production well to be an injector, Gace was not inclined to
about 2 0 acres, and the fact that these 15 aggressively pursue the drilling activity
producers were adequately spaced. necessary to either tinely develop an

adequat e steam supply for schedul ed Plant #2
start up, or maintain a level supply for
Pl ant #1 continuing generation. Al further

TABLE 1 drill I| ng unger Gﬁlce' s ownership was conse-
- quent under the agreementss non-consent
Shell Drilling Results at Southeast Geysers p|r|OVI ﬁ}llogs"nwth NCPA nﬁcessarlly agvanCIhng
all the drilling costs that were to be then
Well ~ Year Total  Status  Prod Cum repai d 150% by the production obtai ned
Name Drl'd Depth Rate(2) Prod P o by P y ned.
(1 MH#HR Rate Drilling resumed under these conditions in

Primary Block ; ; i i
A 3’1974 md-1984, first with the failure of A1,

*
’é‘_lz 1975 gggg Fﬁgg 232 235 followed by the successes of O3, Q4, N-4,
C.2 1975 5626 Prod 540 175 and Q1| deepening. Later well A-3 was also
D-3 1977 0082 Prod 65 540 deepened, successfully resulting in its con-
D-4 1977 8030 Inj(3) 100 version to production. Drilling was underway
E) 1977 e Projcl X 200 740 with the third well at P Site, in the East
G-1* 1978 9156 Abd 0 Bl ock, when on 29 August 1985 NCPA purchased
I 1978 9008 Abd 0 the steanfield, paying Gace $165 nillion.
C-a 1080 5431 Prod 113 853 Stage Three was over, wth the five new
C.5 1980 5440 Prod 135 088 production wells (totaling 38.2 MY having
F.2 1980 5388 Prod 180 1168 I ncreased the devel opnent area to about 390
Fo3 1980 8304 Abd 0 acres (refer to Figure 3 and Table 2).
F-4* 1980 7538 Prod. 101 1269 e
D-5 1981 5375  Prod 150 1419 [
D-6 1981 6512 F>r0d 117 1536 UNION I PHILLIPS PETROLEUM
N-1 1981 4616 Prod 317 1853 i :
N-2 1981 5919 Prod 263 2116 - R N R - oy
A-3 1982 6807 Inj 0 o 0 . =
o i LR
East Block o o o'fi Oq_,&o
B-2(4) 1975 5540  Prod 120 120 /. =
B-3** 1975 8161 Prod 180 300 e s O
E-9 1977 6967 Abd(5) 119 *0 o
E-10* 1977 8222 Abd 0 o
Q- 1979 6975 Prod 95 395 a=s e
M-I* 1980 8753 Idle 0 0
Notes: (;') I\I/Ia( quth” incl Udgngg re_drl . (S) ) | _NCPA AVAILABLE WELLS 9/01/85
nitial rate, at psig WHP mmr—]
233 After completion well dameged. ! | ¥ °@havrRoicToNMAL
4) Ran liner in 1976, reducing flow. - 1 -4 15 O PRE 9/83 PRODUCTION WAL
5) Casing collapsed following test. —I ! _3 © INJECTION WELL
* Redrilled once ** Redrilled twice | c=b 2 Tom
. TABLE 2
— |‘ o, Drilling Results During Grace's Ownership
. Ly
g | 1 ) . Well Year Total Status Prod cum
A T TN 5= SHELL LEASE BQUNDARY /! Name Drl'd Depth Rate Rate
| »F’ Lw II = :
$’<-‘|-\4/ r Primary Block
\ 4{0 3 | 2 i A-l 1984 8066 I'nj 0
S0 R4 N-4 1984 7171 Prod 96 96
,) I pimaysiock” 3 T A-3(1) 1985 7421 Prod 108 204
1__/ I 1; e East Block
. I ot Q-2 1983 7340 Inj 0
I ri J t\ Q-3 1984 4768  Prod 93 93
_1 L— Q-4 1984 5518 Prod 166 259
WELLS DRILLED PRIOR TO SEPT 1983 Q-1(2) 1984 8975 Prod 0(2)
“B SURFACE DRILL SITE (11) p-1* 1985 5482 Prod 110 369
¥ —— PRODUCTIVE WELL COURSE 16 pP-2* 1985 7428 Idle 0

f NjeCTTON WELL COURSE 2
B SUSPENDED WELL OOURSE 2

. 2, Not es: él; Deepened, converted to producer.
YYYYY * 2) Deepened, no increased production

— FIGURE 2




STAGE FOUR- Accel erated Devel opnent for
Plant #2
Wth total control of all operations, NCPA s
devel opment well drilling began in earnest
in Septenber 1985 wth the simltaneous
operation of three drilling rigs. In eight-
months 12 new wel I's were drilled, resulting
in 11 successful producers and one (P-3) dry,

hol e (see Table 3). The total active wells’
had thereby increased to 30 production wells
ﬁl us 3 injectors. St eam supply capabilit
ad increased from 2,128,000 LBSY HR (142 M/\}/
to 3,344,000 LBSHR  sufficient to produce
223 MVby the end of April 1986.

devel opnent had taken pl ace
al nost exclusively at previously existing
multiple well sites, specifically at F, C
and N the only "new' area brought into pro-
duction was E Site. Those 11 new wel | s had
therefore been positioned mainly at infill
| ocations (ref. Figure 4), tomnimze risk,
a

This additional

but they effecte reduction in average
wel | spaci ng. The developnent area had
reached 48 0 acres, an average of 16 acres
per well.

Plant #2 had begun operating in Novenber
1985, it first reached full capacity durin
April 1986, and by My 1, 1986 A ha
achieved a total eneration level of 220
MN (gross). Wth this acconplishment Stage

Four was conpl ete.
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NCPA AVAILABLE WELLS 4/30/86

~ 11 ® NEW PRODUCTION WELL
! 19 O "RF 9/85 PRODUCTION WELL
== 3 © INJECTION WELL

! _J_ 0 SUSPENDED WELL
e
l =y 34 TOTAL 5

TABLE 3
NCPA Drilling Results: Sept 1985-April 1986
Vel | Year Tot al ~Status Prod
Nane Drl'd Dept h Rat e
p- 3* 1985 6731 Idle 0
E- 1* 1985 7744 Prod 97
F-5 1985 6315 Pr od 180
F- 6* 1985 6904 Pr od 175
C 6* 1986 5540 Prod 100
G7 1986 5516 Prod 102
C 8* 1986 6516 Prod 102
N-3 1986 6960 Prod 197
N-5 1986 6511 Pr od 97
N- 6* * 1986 6937 Pr od 155
F-3 1986 6828 Prod 120
F-7* 1986 7592 Prod 85
Notes: * Redrilled once
** Redrilled tw ce
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Reservoi r Devel opment Expansi on
and Extension

STAGE FI VE-

By the start of the present (fifth) devel OE-
e

ment stage NCPA had recently assenbl ed t
technical enployee staff to undertake in-,
house all drilling, geologic and reservoir
engi neeri ng resPonS| bilities, i ncl udi ng
overall steamfield nmanagenent.

Two principal objectives were initially

The first was to increase our
steamdeliverability (total well potential)
to at least 275 MN The second objective
was to extend the depth and expand the area
of steam supply, Increasing the reservoir
vol ume being tapped, in order to reduce the
trend of Increasi n? interference that was
accelerating the well flow rate declines.

est abl i shed.

three rigs were con-

Toward these goal s the
another 13 nonths,

tinuously operated for

conpl eting 3 additional producers at both B
and C Sites, 5 each at Eand QSites, and 3
of the 5 wells drilled at Y Site. As in the

past,
duction wells as original
onl % subcommercial steam production, and
each had been pl ugged back (abandoning t hat
mar gi nal in favor of redrilling
a new wel |

about 25% (5 of 19? of these-new pro-
y drilled obtalned

steam fl ow)
cour se.
i nnovati ve

In one other case, however, an

wel | conpl etion technique was attenpted for
the first tine bP/ NCPA. The original hole
was intentionally plugged back in such a

manner that after having redrilled the well
the original hole could then be successfully

reentered, allowing conbined simultaneous
steamflow fromtwo open legs, resulting in
a "forked" conpletion. This conpletion
method has since been used for half of the
10 subsequently drilled wells (at P and H
Sites), cost-effectively increasing the
total steam fl ow obt ai ned.

The conbined drilling results for the past

26 nmonths (thru June 1988) are summarized in
Table 4 and illustrated in Figure 5. Thi s
devel oprent  program acconplished the first
objective by increasing the total wel |

potential to a maxi num of 4,375,000 LBS HR -
(292 MN in late June 1987, after which it

has been mai ntai ned above 265 MV (see Figure
rom
the wells producing fromthe

greater dept hs; _ )
reservoir was increased

underlying felsite
fromtwo to 10.

The 29 new wel | s have ‘al so successfully ex- -
panded the devel opnent area by 365 acres to
845 acres (a 76%/1 ncrease), ther eb%/ achi ev-
ing the other inportant aspect of the second
objective. A further result of significance
is that some of these stepout wells have
been recently conpleted within areas at
essenti al | virgin reservoir conditions,
with an initial steampressure of 475 psig.

Over these past two years (including the
unit overhaul periods) NCPA's steam pro-
duction has averaged 3,180,000 LBSY HR (212
MW . The maxi mum (24 hour) generation rate
has been 250 M/V(?ross), “and significant
periods in excess of 230 MN have occurred.
During this sane period the average well
flowate potential has declined, in part as
a response to a declining average static
reservoir pressure. These declines are a
reflection not only of NCPA's own production
rate but al so that of nearby operators. In
the years 1983 to 1986 steam production for
the entire GCeysers steamfield increased
from 109 to 235 billion pounds per year. As
a result of that four-fold change in the
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annual rate of increase, nore steamhas been
wi thdrawn during the past four years than
t hroughout the previous 24 years.

Consequently, in order to extend the effec-

tive lifetime of the Southeast GCeysers
Field, the current and future ﬁl ans for NCPA
include (1) reinstituting the drilling of

true exploratory wells in attenpts to sig-
nificantly expand the proven reservoir area
for w der devel opnent, (2) doubling the rate
of water injection to 65%of the total nass
withdrawal rate by augnenting the available
condensate with ponded streamrunoff, and
(3), to nore optinally nmake use of the steam
reserves available, continue our recently
instituted ower generation schedule in
which a peak output level of 246 MV is
.mai ntai ned during daytime on weekdays, |oad
is then stepped-down to a 140 MAm ni num at
night and on weekends, wth the average
weekl y out put being equivalent to 183 MN

The drilling and devel opnent history to date
of this steanfield is summarized in Figure 7
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TABLE 4

NCPA Drilling Results My 1986 - June 1988

Vell Wells Num  Num Max Tot al Max
Site Dl'd Rd'd Forked Prod Prod Depth
(L (2 3
B 3 1 0 197 437 7621
c 3 1 0 180 378 10002
E 5 : - 0 196 628 7732
s 5(4) 3 0 125 299 9296
Q 5 1 1 288 710 8161
P 5 3 2 142 535 9385
H 5 4 3 158 607 8930
Notes: (1) Numba of these wells redrilled.

Number with 2 producing legs open
Madnmum initial rate @ 160 psig.
Includes 3 producers, 2 injectors

UNION !

GEYSERS GEOTHERMAL CO.
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"I PLANT 2
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HISTORY OF NCPA POWER GENERATION AND STEAM

SUPPLY DEVELOPMENT AT THE SOUTHEAST GEYSERS
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