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ABSTRACT

In recent years nearly
devel opnent wells drilled in the Southeast
CGeysers were, at best, capable of onl?/
mar gi nal steam producing fromtheir original
production interval. Traditionally, this
original hole "leg" was plugged and aban-
doned and the well directionally redrilled,
usual ly from the casing shoe, to an alter-
nate bottomhole target. Cten two or even
three such redrills were required before an
econom cal |y acceptabl e producer was real-
i zed. Northern California Power Agency
NCPA) has recently devel oped an innovative
rilli nP techni que whereby a subcommerci al
original hole producing interval is retained
and its production is then conbined wth
that obtained from the redrilled |eg,
resulting in a "forked" conpletion.

such two-legged well conpletions have been
attenpted in the past

year, all of which
were  successful. This technique has

ﬁernitted the profitable exploitation of
eretofore economcally unattractive or nar-
areas of the reservoir.

hal f of t he

gi nal

I NTRCDUCTI ON

In 1974 Shell 4l drilled a well which
extended the Geysers dry steam reservoir
1-1/2 mles in a southeasterly direction.
This discovery resulted in additional drill-
ing and the construction of a 110 MN power
plant by Northern California Power Agency
(NCPA) which went on line in early 1983. In
Sept enber of that year the field was sold by
Shell to Grace Geothermal, who operated it
for two years. NCPA purchased the steam
field from Gace in August 1985, at which
time there were 20 production wells with a
total steampotential of 2,128M#/ HR (142MN.
The primary reason for the purchase was that
with a second 110MN plant nearing conpl e-
tion, it had becone obvious that there woul d
be insufficient available steam-due to the
manner in which Gace was conducting the
devel opnent drilling program  NCPA imedi -
atel launched an accelerated three-rig
drilling canpaign which resulted in the full
capacity operation of Plant #2 when it was
conPI eted in, May, 1986. Since that tine
drilling has been gradually scaled down
until now there are sixty producing wells
with a steam surplus of 25% based on 22 0 MV
plant capacity. NCPA presently operates one

Agency-owned drilling rig which is engaged
in maintaining this surplus by continued
drilling and work-over operations.

BASI C DRI LLI NG PROGRAM

As in nost areas of The Geysers, dry
steam is produced from what are considered
to be randomy oriented fractures in a
?ray\/\acke-greenstone section underlain by a
elsite intrusive, which is also occasion-

Five- ‘

ally productive. In the NCPA portion of the
field the producing interval is conpetent to
the extent that, eventhough producing from
fractures, protective casing or liners are
not required, and followi ng Initial cleanup,
fill or bridging is not a consideration.

A typical producing well is directionally
drilled froma nulti-well site in accordance
with the follow ng basic program

1. 20 in. casing is cenented in 26 in.
nmud drilled hole at 3 00 ft.

2. 13-3/8 in. casi n? is cenented in
17-1/2 in. mud drilled hole at 2200
ft. to 3700 ft, depending on the
| ocation of the well.

3. The producing interval is air
drilled with 12-1/4 in. hole to a
total depth that varies from 6000
ft. to a maxi numof 10,000 ft.

NOTE: Cccasionally for geologic or me-

: chanical reasons (prinarily |ost

circulation) a 9-5/8 in.liner of up
to 1400 ft. in length nay be re-
quired. In this case the producing
interval is air drilled wth 83/4
in. hole.

PREVI QUS DEVELCPMENT PH LOSOPHY

Al though several dry holes were drilled by
Shell, Gace and NCPA in attenpting to de-
fine the productive limts of the reservoir,
the early producing wells were conpleted
with rig test flow potentials ranging from
90Mt/ HR to 300M# HR The general phi-
I osophy during the period of accelerated de-

vel opment was that If a well was not capable
of at least 90M# HR at 160 psig back pres-
sure, that particular leg would be plugged

and abandoned, usually to the 13-3/8 in.
casing shoe. This was done with the thought
in mnd that the well could then be
directionally redrilled relatively inexpen-
sively (ie $500K ) with the expectation that
the new producing leg could reasonably be
anticipated to produce at an "acceptable”
rate. Based on this criteria, occasionally
two and even three redrilled legs were
required before a rig test of greater than
90M#H HR was reali zed.

CURRENT DEVELCPMENT PH LOSCPHY

As devel oprent has progressed over the past
two years and nass withdrawal fromthe res-
ervoir has increased, the average flow po-
tentials from new wells have gradually de-
creased to the point that an "acceptable"
rig test flowrate is now considered to be
in the 70M#/ HR to 75M# HR range. Addition-
ally," an increased nunber of higher risk
stepout or "edge" wells are now being
drilled, with a corresponding increase in
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the nunmber of producing legs that test in
the 2 OM/HR to 7 OM/HR range. Further, the
likelihood of abandoning these legs and
redrilli n% with the expectation of encoun-
tering substantially increased steam flow in
the second |eg has al so been reduced.

Faced with these conditions NCPA has devel -
oped an innovative drilling technique where-
by production from a marginal or subcont
nercial leg can be conbined with that froma
second leg resulting in a “"forked' comnple-
tion. A schematic drawing of a typical
forked well is shown as Fig 1. Wthin the
past year five such conpletions have been
attenmpted by NCPA, al of which were
successful .

AHG 1 SCHENMATIC OF A TYPICAL
FORKED COWPLETI ON
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FORKED COWMPLETI ON PROCEDURE
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Wien the decision is made to fork a well,
the following series of operations is under-
taken in sequence:

1. The original producing interval is
isolated by setting a drillable
bridge plug 100 ft. to 200 ft.
above the 1373/8 in. casing shoe.

2. A section mll is then run and a
"window' is cut in the 13-3/8 in.
casing. The footage mlled is cri-
tical, ie it nmust be of sufficient
length to allow sidetracking wth-
out an excessive dogleg, but as
short as possible in order to ease
reentry into the original hole. A
35 ft. window has been found to be
satisfactory from both stand
points. The location of this wn-
dow should be as deep as possible
and yet allow enough "hole" to
establish the redrill well course
using a nmud notor prior to air
drilling the production interval.

3. A cement kick-off plug is set in
the interval from60 ft. to 7 5 ft.
bel ow the window to 150 ft. above
it. After allowing adequate tine
for the cement to cure, it is
drilled out to the top of the
wi ndow.

4. The well is then sidetracked using
a 12-1/4 in. bit, mud nmotor and 3
degree "kick-sub". 1t is inportant
that the kick-sub be oriented such
that the nud nmotor drills out the
top or "high side" of the hole.
After tinme-drilling approximately
20 ft. the 3 degree kick-sub is
replaced with a 2 degree kick-sub
in order to reduce dogleg severity.
12-1/4 in. hole is continued for an
additional 100 ft. to 200 ft., at
which tine hole size is reduced to
10-5/8 in.

5 When the redrill well course is
firmy established with regard to
inclination and direction, the nud
drilling fluid is "unloaded" and
the hole is air drilled to total
dept h. Fig 2 schematically shows
the configuration of both holes in
the sidetrack area while air drill-
ing the second |eg.

6. The redrilled leg is then flow
tested, at which tine a Spinner-
Pressure-Tenperature (SPT) log is
run. |If a log of the redrilled |eg
is desired, it is inperative that
it be run at this time. This is
because, after the original |eg has
been reopened, hole configuration
usual ly precludes additional wire
line operations in the redrill.

7. Reentering the original hole is the
crucial step in the entire opera-
tion. A 12-1/4 in. bit is run on a
10 ih, drill collar belowa 12 in.
stabilizer. The drill collar is
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nmodified with three sets of spiral
ribs providing an effective overall
dianeter of 12 in. Basically, this
may be described as the nost rigid
drilling assenbly that wll pass
through the 13-3/8 in. casing.
Cerrent in the Kkick-off area 1Is
time-drilled to the top of the 13-
3/8 in. casing stub. The remaining
cement is drilled out of the casin
and the bridge plug is drille
and/ or pushed to bottom If diffi-
culty is encountered in reentering
the 13-3/8 in. casing stub, a ta-
pered mll has been used effec-
tively to facilitate reentry. Fig
3 shows the drilling assenbly and
hol e configuration i mmedi atel y
prior to reentry.
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REENTERI NG THE CRI G NAL
PRODUCI NG LEG

HG 3

DRILLING ASSEMBLY

0 12-1/4* BIT
13-3/8"
© 10" O.D. DRILL COLLAR CASING

RIBBED TO 12' O.D.
© 12' STABILIZER

0 9" O.D. DRILL COLLAR

8. The conbined flow fromthe two pro-
ducing legs is then rig tested and
an SPT log is rerun In order to
finally  “determne t he flow REDRILLED
contribution fromeach leg. Since
there is casing both above and be-
low the entry point of the second-
leg steam "the flow contribution CEMENT
fromeach leg can be accurately de- e
termned fromthe spinner log (see 13-3/8" CASING
Fig 4).
MUD
Pertinent data relative to the five forked
wells conpleted prior to June 1, 1988 are °“A‘3'L"£‘L
shown in Table 1.
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ORIGINAL HOLE REDRILLED LEG ‘COMBINED |
WELL | PROD [ TOTAL 'DEPTH{ ‘RIG | DRLG "KICK:OFF PT. ._TOTAL DEPTH. RG [DRLG RG |1OTAL
CSG. M:D.| V.D. TEST | ‘cosT 'M.D. | INCL ‘MD. | VD. | SEP/O:H.] TEST { COST TEST | cosT
NO. | DEPTH _ | : : . . . _
{-FTMDY FT) 1 FT)  [(M#HR) | (M) (FN {(DEG) Fn | Fm Fn | (M#HR) | M) [ (M#/HR) | (M)
1 3900 | 763271 7327 | 202 969 3668 | 23 7086 |e698 | 1136 302 602 50.4 1681
2 2253 | -8930 | 8711 434 | 1,028 2177 | 12-1/4 6491 | 6321 684 112.9 482 1276 | 1620
3 | 2410 8335 } ‘8195 47.2 976 2115 | 13-1/2 7118 | 6879 1 690 97.4 557 129.4 1643
4 2510 7944) 7400 | 346 850 2348 4 31-3/4 7231 {6833 | 574 55.1 466 829 1435
5 3514 | 8167] 7901 | 401 1,076 3225 | 14-3/4 7138 | 6648 957 86.4 432 1226 1618
TABLE 1:  Forked Well Data-Notes: MD = Measured Depth; VD = Vertical Depth; incl = Hole Angle; Sep/O.H. = Horizontal Distance between

redrill at total depth and original hole at a Iike vertical depth; Rig Test flow rates corrected to i60 psig.

RI SKS AND CONSI DERATI ONS

Wil e NCPA has been successful in all five
of the "forked" conpletions attenpted to
date; it is recognized that there is an
element of risk associated with such an
under t aki ng. To minimze this risk it is
essential that, as the program is carried
out, each step be given very close super-

vision and that on-site personnel are aware
of both the inportance and specific objec-
tive of each operation as well as potenti al
probl ens and pi tfal I's.

An area which could easily prove to be a
source of trouble is fromthe kick-Cf point
throulg the mud drilled portion of the
redrilled hole where, by necessity, drastic
changes in inclination and dlrectlon occur .
Particularly while air drilling, . is of
the utnost inportance to conti nuaIIy foni t or
the condition of the drill pipe in order to
elimnate any joints showi ng excessive wear.

A second potential source of problens is the
reentry into the 13-3/8 in. casing stub at
the bottom of the wndow Extrene care
must be exercised in time-drilling the
renai ni n% cement in the w ndow and reen-
tering the stub in order to avoid an unin-
tentional second sidetrack and/or damagi ng
the top of stub at the reentry point. Ad-

ditionally, on trips subsequent to the ini-
tial reentry, rig personnel must be aware of
th$ potential anger  of damaging  or
deformng the casing stub.

A third operation requiring close suPervi -
sion is that of disposing of the drillable
bridge plug set in the lower portion of the
13-3/8 in. casing. This is normally accom

Bllshed by a conbination of air drilling,
I owing portions of the plug to the surface,
and push| ng the remaining debris to bottom

Recogni zing the risk that mechanical prob”
lens associated with any One the above
operations are a distinct possibility which
could result in the conplete |oss of either
or both producing |egs, "forked" comnpletions
are never pr epr ogranmed.. Al t hough
provision is always made for the option
shoul d subcommerci al production be reali zed,
it is actually enployed only under favorable
geol ogi ¢ and nechanl cal conditions.

COST DATA AND ECONCM C ANALYSI S

Based -on actual tcosts and rig flow test data
for all five "forked" conpletions/ an eco-
nom ¢ anal ysis was done. The follow ng rep-
resents averaged data for the wells:

a. Conpleted Il costs:
Oiginal Hole Single
Conpl eti on: $l ; 090K
Conventional Redirill Single
Conpl eti on: $1, 522K
For ked Conpl eti on: $l , 599K
Note: Conpleted Cost = Total Drilling

Cost +$110K al | onance for installed sur-

face production equi pnent .

b. Rg Flow Tests (corrected to 160 psig):
Oiginal Hole 37. 1IMH HR
Redrilled Leg 76. AMH HR
Forked conpl eti on 102. 6M# HR

USI ng these average values together with a
"net" steam price (ie adjusted for 12-1/2%
| andowners royalty, O8M costs> and property
taxes) of $0. 996/ 1000# and a production
schedul e consistent wth NCPA experience in
the Southeast Geysers> profit indicators
based on 1988 dollars with no escal ati on of
either incone or costs were calculated for
the foll ow ng:

- single origihal hole conpletion,
ie production schedule based on
37. 1M R flow test. :

Case |

Conventional redrill conpleéetion
ie original hole plugged aid aban-
doried wth production schedule
based on 76.4MH# HR flow test.

Case H - "Forked" corpletion Wth pro-
duction schedul e based on 102. 6M¢
/HR flow test.

Case Il -

Case IV - Single Original hole conpletion
wi t h prﬁguctl on schedul e based on

76.4




CASEI CASE I CASE Ill] CASE IV
PROFIT INDICATOR| (SINGLE) | (CONV.RD)| (FORKED)| (SINGLE)
PAY OUT 75yrs 4.0 yrs 29yrs 2.7 yrs
RATE OF RETURN 3.4% 14.9% 24.1% 27.9%
COST OF STEAM $29.38 19.92 $15.52 $14.27

LB/HR LB/HR LB/HR LB/HR

TABLE 2:  Economic comparison of single, conventional redrill, and

forked well completions.

The. results of this analysis are shown in
Table 2. Case | profit indicators show that
a 37M#/ HR single conpletion is in fact unac-
ceptable, ie 7-1/2 year Payout and 3.4% Rate
of Return. A 76M# HR conventional redrill
(Case Il) shows nmarginally acceptable profit

indicators (4 yrs and 14.9%. The "fork-
ed" conpletion, however, (Case Ill) shows
much nore favorable profit i ndi cators

conpared to the conventional redrill pri-
marily because of an approximately 50% in-
crease in production resulting from an in-
creased investnment of only 5% (ie $1,599K-
$1, 522K=$77K) .
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Case |V shows profit indicators for an
"acceptable" original hole single conple-
tion. For conparison purposes production

from this hypothetical well was assuned to

be the sanme as the averaged production from

the redrilled legs of the five wells stud-
ied, ie 76.4Mt/ HR If this rate were actu-
ally realized from the original hole, the
wel I woul d. be conpleted as is and no redrill
woul d be undertaken. The purpose of this
conparison is to showthat Case IIl and Case
IV profit indicators are virtually the sane
(Payout - 2 yrs 11 mos vs. -2 yrs 8 mps and
Rate of Return-24.1%vs 27.9%.

CONCLUSI ONS
As with many innovations in drilling tech-
nol ogy and devel opnent strategy, the insti-

tution of the "forked" conpletion téchnique
was dictated by operational and economc
necessity. In view of present reservoir
conditions, and since many of the |ocations
now being drilled are of a "stepout" nature,
in nethods were required if the
resource was to be conpletely devel oped in
an efficient, cost-effective manner. '

To date,

the Southeast Geysers and, wth careful
pl anni ng and execution, the "forked" conple- .
tion has proven to be a significant, reli-i,

able, routinely available alternative.

given the geologic conditions of '





