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: IMPORTANT PARAMETERS IN A
‘ " FLOWING GEOTHERMAL WELL
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THEORETICAL DELIVERABILTY CURVES
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A COMPARISON @F KEY PARAMETERS
IN YARIOUS GEQTHERNAL SYSTEMS

AVERAGE

KHJ ’ MD"FT

50,000
20,000
20,000
130,000
100,000
6000

AVERAGE
oH, FT .

INITIAL

PRESSURE AT

3000’ BELOW
SURFACE

TEMPERATURE AT
3000*° F,

500

- 250

250
130
200
%0

1320
1270
1300
1300
500

8w

500 +
- 500 +
500 +
360 +.
- 470 +
- 500 +
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;o - pummany OF RESERVOIR ENGINEF NG AT BACA ~ 1978 - PRESENT P

. L‘" . o . . '

5/79 B-18 ‘:;ﬂ,ab*l,) .. ‘InJectivity (32 hr) Injectivity increased from
9”/?7 [93-'5 o - : 0.5 to 2.2 gpm during test
T ' 19) : |

{]'/97 Y %?"}U ) Lo Pressure falloff dominated

. PUNSEEE by wgllboro storage
10/79  Alamo Canyon #} - 26 hr Plovtest and kh = 1800 md-ft
| ST . ‘gubgeguent pressure Skin = +12.7
< — . -buildup L
2/80 Alamo Canyon §1 ;?ﬁﬁj.hrvlnjdotion test Most of the liquid enters

‘the formation below 5400°.
Major fluid entry at 6500't
100* ‘ '

Pressure falloff dominated
by wellbore and thermal
effects. (kh): and skin

not determined

s

2/80 ° Alamo Canyon '1 7 day Plowtest and . kh = 1350 md-ft - |
' subgeguent pressure - Skin = +11.0
{bqildup Pressure buildup behavior

indicates the well is
500 to 1000' away from two

perpendicular highly proguctive
faults,

" -PGA/cc 3/81




- Date

11/79

12/79

. 3/80
5/80

: g ’
ﬂ%éé‘jﬂwr -ouvP  o Tast
B-19 (/""%”i[) M’7 12 day Flowtest -

l-j S9"“h°1° wiréline surveys
f<ﬂi?réugurq buildup
)

Low rate injectivity
122 hrs)

B~19

o
" g,w(' ///

Hiqh rate injectivity
'v(ll hrs)

Sohlumberger inner and

temperature suveys during'

1njection

ﬁ/ﬂzwnaaure fallof

ﬂﬂa'§¢jok 7:'i’44.dqy flowtest and o

- preasure buildup
T |

B-19 /

"equipment failure.

Resuitl

Production eyclinq due to 1iquid
1oad1ng and unloading in wellbore

kh = 2360 md-ft
Skin = +12.6

Pressure falloff dominated by

thermal effects (estimated kh =

2000 md~ft, Skin = 3.5)

56% ot flow exiting between
5170 and 5180°

81% of flow exiting below
5000'

Injaation test terminated
prematurely due to surface

‘ (estimated
kh = 2510 md-ft, Skin = 2.0)

-

'kh = 2990 md-ft

Skin = +15.8

PGA/cc 3/81
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Date vg}é
5/80 B-13
6/80 B-14
9/80- B-20
1/81 \
1/81° B-20

t

Test

34 hr Injectivity test
.68 hr Injectlv{ty test

102 day flowtest

‘Pressure buildup test’

Results

Injection terminated prematurely
due to lack of water. Wellbore

storage dominated pressure fall-
off

kh = 4760 md-ft

" 'Skin = 3.8

Calculated injectivity only

" 50% of that in DOE proposal

-Deliverability at 125 psig

separator pressure = 27,000 1lb/hi
steam, with 54% flash
Steam rate declined at an

“annual rate of 50-70%

wa—phase reservoir effects
mask buildup behavior.

PGA/cc 3/81




9/80-
3/81

1/81-
3/81

9/80-
j/e1

B-6.

p~13

 Pest

_15;746 day Flowtest -

Pressure buildup test

.- 'Gperry 8un presgure

interference menitering

. 8parxy Bun pressyre

- interference monitering

" Sperry Sun pressure
. interference monitoring

Rélultg

Commoreial'deiiverability
quastionable

In grogreal. First 2 days
of behavior indicate linear
flow near wellbore

No clear response

Na'oloar response

No clear response

PGA/cc 3/81
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* PRODUCTIVITY DATA FOR BACA WELLS

RATE, MLBZHR

WELL NGO

1 S -4 S0 265 - 17 w0 uug

15 -y 510 175 105 140 607
13 - B 500 200 54 140 27%
4 (PREVIGUSLY) 4200 415 550 172 - 45 w0 27%
o (eummeNT) 550 54 25 140 27%
20 S o swo 51 27 140 50

6 (sRIDGED) 6400 410 510 150 33 95 221
10 81000 w3 - 500 (126) 43 16 (34%)
19 2360 +9 490 (1200 (30) 22 (25%)
| (INJECTIVITY) 2500 =2 | 2
. AC S 1880 - 413 550 (130) - (65 40  (50%)

W
W

&\ | * ()i ESTIMATED RATES AND FLASH;;la S <_”_::7/

) — —




‘WELLCHEAD

- PRODUCING

WELLHEAL QUALITY AT BACA

70)

e

& L N e ?w':“rd-ﬂﬁj'

R==500

700°F
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1975-76 INTERFERENCE DATA ANALYSIS ' !

< A

USING NEW FLOW GEOMETRIES

RADIAL - ISOTROPIC B _ -}

- PERMEABILITY. SAME -~ o .-
IN: EXERY DIRECTION | | A

.im»a‘gzgsni}fude ané- Jirecj;éw of K

1AL -ANISOTROPIC

PERMEABILITY VARIES
WITH: DIRECTION — -

MAUOR=PERMEABIUTTY\\\\\\\\\\\\\ N

HEMISPHERICAL -

1
>

- RESERVOIR:HAS:
R o " PESERVOIR
© NOBOTTOM: SRR 5

/ :r/P//‘// VYA A 4

Flud Flow Llfn'es




" BACA 10 INTERFERENCE DATA ANALYSIS

__USING NEW FLOW GEOMETRIES
s | QPT IMUM MATCH E;;fPSI/PT |
QURE RAﬂjAL - | (KH) ; 6.4 D EFf  H = 107 FT ‘lu»i;i 6.1
ANISQTRQPTQ,ﬁgplAL o
(xu)“x* = 105 D1y (), = 1 DoFT :} 4.5
QH) & 15 FTJ/(KH)MAX ORIENTED N80w( )

| 9 100 sPscxrxsn-’
20 D-FTs (KW yyy = 5 DfFT 53

| (gH)MAx  QR!ENTED N8OW |

© HEMISPHERICAL Kk = 4,9 MD ¢ =0.05 6.9

(*) 'N8OW 1s PERPENDICULAR TO REDONDO CREEK

s e o

—PRA/CE 37817




COST: PER Foor » CoST PER WELL
vs TIME  BACA /973 -/980
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TABLE 1

<

FLUID

Prepad - water with FLA at maximum

rate up to 80 BPM

Pad - galled wzter vith FLA at

80 BPM
" ’ »

”" ”

”

Proppant transport - same as Pad

except no FLA. 80 BPM

” "

" "

PUMPING SCHEDULE FOR FRACTURE TREATMENT
R BACA 18
FLUID VOLUME (bbls) PROPPANT
NO. INCR. CM.  lbs/gal . SIZE
1 4,000 &, 000 - -
2 500 4,500 0 - -
2 100
1 28/40
2 20/40
3 20/40
b
. L
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PRODUCTION RESULTS -

1515' Ptm AIR AND WATER THROUGH BIT (8-1/8") IN THE 7" LINER
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NELL ' PROGRAM
BACA - 24 o - New WeLL (L,S., TEST)

BACA - 19  :fFRAC.BOTTOM 300’

N ~ -. BACA ~11231, : ;;DEEPEN (L.S. TEST)

| CBACA -2   ERAe 20u’ INTERVAL
BACA - 16t, j fDEEpsn (L.S, TesT)
(1F 3U€GESSAIS‘IND1€ATED BY ABOVE Rle w0Rk)

BACA - 21 ’fj?DEEPEN THROUGH ANDESITE

st
<z
O

-

" BACA - 18 " FRAC OR REDRILL-

BACA - 25 | ‘NEW WELL (L.S. TEST)

65 DAYS
23 DAYé.
60 DAY
?3'DAY§;i |

42 PAvs
30 DAVS

Qj;jﬁﬁﬁxféff

65 DA

CO8T
$1,750,000

$1,100,000
$1,250,000
1,100, 00v

$1,200,000

$ '500,00u

- $1, 750,000




FEEY VURETER TTW O]

DEPTH <FTD

19009

v-v—t-l-lq-vq.uf"ua;qw" FFFPTTrTrUr

e 309 eea _ oos 1228 (5ee 1888

" 3, h-&bb‘tﬁﬂﬁ
% ot By Jn, Uane I, Mrig: 2 anal

weuna-ra 3
Yy S

fiin2s)74:
t/29:30/7¢
2/r-24f7¢
&2e - ofzs/m

n{g: vl




PEPTH CFT)

BACA || TEMPERATURE PROFILES
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l REVISIONS
\ ‘REW DESCRIPTION DATE BY }APPD
A | 1ssuep 5-16-80 | .°.
! ol .hl ’ E . _U ’; B - -
| Pl R R
. [ ’
J - 1788,000'N 3 § ‘ L :‘ o
Zu- SYAVE
' PLANE
LO~ORDINATE .
ez 3008 . ' g\
N "
L 2000 FT. ] ; )
N i }
1780000 \ . 1
] |
4 i
7/ i
1I777,3000
. ‘.
L _1773,000m ;
b
I
'RBMPERATURE °F
Fad N .at +ITS0H ASL
W ™
“ N R4 { YNGT STABLEBECAUSE OF FLUID
O - B) ‘injeétion -or ‘
2} { Flashing im Formation: 5
un l€76)n : lmm Eanthetmh!’.mmnyml Hew Mamn
: REDONDO: cnssnnevsuomm AREA
l DESICN |
DRsem : . SZETAAE NO.  JDWG. NG, ) REV
CHECK | R N ‘AC~i—205- 1018 A
DATE e .. |SCAGE NOMERY] [sHEET  +=0F=1
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. . S S I _ — -—
,,,J.!l ' A | 1ssuzp s-16-80 | & |-

", 1785000'N

7 b o )

2 I : Z ’ - Co 18

N NM. STATE N : , . - |
CO-ORDINATE . , | Lo

GRID— R
-] 1782,500iN v | #

397,600'E

400,000°E

402 S00'E

405 000'F
)

,‘”,

C-15-u | 2,000 FT. }

' ‘RC 121-4

4 1780,000N r
qy SRC-N7-11

-{18 - 6=
eRC-ng-  °RC-i8 \ °RC-116-1I
s 4

*gRC-I13-22
RC‘-H3 IZ

I777,500'N

A | -COMMERGIAL PRODUCERS

| “m | *HOT”:SUBCOMMERCIAL WELLS

! 200!k N : i rzrzvzv}"},z'rffll 11///1

-

-

unl@n Union Geothermal Company of New Mexic

YR ‘REDONDO CREEX DEVELOPMENT AREA

\ OESIGN L)
A = e 5 .-




au,ei,(.-:-_u;.n-mvmug,‘),.M;J,»,‘,‘;;g@«,&#p“m,*ﬂ& RIS A bt 3 g

PRELIMINARY STRATIGRAPHY
" BANDELIER TUFF

A1 ZONE:
MODERATELY TO WEAKLY WELDED.

COMMON KAGLINITE ALTERATION.

A2 ZOME:
STRENGLY WELDED.
BENSE, HARD, WTRIC

A3 ZONE
MODERATELY T0 STRONGLY WELDED.
'VARIABLY VITRIC AND DEVITRIFIED.

HORE ABUNDVANFI' PHENOCRYSTS THAN IN A2

| STRATIGRAPHIC PEPTH In FEET

B ZONE

| "'VISUAKLY SIMILAR TO A
' CHARACTERIZED ON LOGS BY
SGMFICANT INCREASES IN
PORCSITY & CONDUCTIVITY

- C ZONE
BASAL PUMICE.
WEAXLY WELDED.
HIGHLY ALTERED.




m e REV DESCRIPTION aTE 3y | 2N
‘ A | 1ssusDp 5-16-20 |-~ |~
w .:;‘ N _u w
© 4 © © (o)
S o s 8 8
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[} [} o o Q
" - - < -
:( | 16
: NM.STATE - L ‘
" PLANE i K 1V A'QOO
CO-ORDINATE /
y
F152 500'N"
z £
: | 2,000 FT. |
y
.
: °'RC79—4!:
/__o_ﬁﬁ

— _EVATION in FT ASL
BASE of BANDELIER TUFF
unl@n , ‘Umnn Geothermal Company of New MeXxic
S | "REDONDO CREEK DEVELOPMENT AREA
DESIGN. |£2 | |
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NM. STATE
RLANE
CO-ORDINATE
2750
2500
000
2750
500 M
1250 o
PCHTR 2,000 FT._]
- CONTOUR
T INTERVAL
-DlRlCdnh‘?-‘ 250 Fr
RC-n8-  *RC1E-N
\\4

rr2s00m raee—"

Union Ee.at"hserrmai Company of New mexf

.| ‘REDONDO CREEK DEVELOPMENT AREA
QESIGN 1) ELEVATION in FT ASL
URAWN ‘Ls.r'_r,sZ/_\/-A-- -1 SIZEIAFE NO. DvG. RO. :
LCRECK |2 7) A | RC-L-24K~-101a
e L = “v"" i _L_: = .

P G, e, 4 V= € S
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397 500'E

AM. STATE

PLANE

. y

CO-ORDINATE

—

ISSUER ~ 5-16-80 | &
» » . -
S S 8 S
o s S o
3 S a ~
\-4 < - (o]
|

/’* v

~RC-119-1}

d&:acdn.?-n
llB-l( o RC-}E =M

;Lo
Y

RC’!JB-'IZ

L

*

X I

-~ STRUCTWRAL DISCONTINUIT'
: }‘ ~ ‘HACHURES ON “DOWNTHROWN" SIDE

300 APPARENT VERTICAL OFFSET In feet

I -} ' ‘REDONDO CREEK DEVELOPMENT AREA
pEsieN |y J ELEVATION in FT A‘?CISN M

| = reusn o= . BASE of PALIZA CAN |
orawN. Lo EE LA K% | SIZE[AFE NO. DWG. NO. IR

PP PO RN W .
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f REV CESCRIPTION | oaTE | 3Y |arP
: A | 1ssu=p §5-16-30 | <= |2

w S W

- o o © of.

o

| g 3 g g8 -

285,000'N 5} ' & .

b & S S < s

4‘: M! STATE

PLANE
CO-ORDINATE

N

t 2000 FT. |

SRC-NB~H ~ RC-MG-L .

77.500"'Ni

CREELI ‘*".W‘-’i'?"Y-N“‘l"%ﬁlﬂ'h‘\tf]\w F Stz eyl T

il
i

[
[775,000'N

SURFACE TRACE of

STRUCTURAL DISCONTINUITIE
S ' ASSUMING Ft DIPS 80°
U amd F2 DIPS 70°
s HACHURES G “DOWNTHROWN" smsf

Fiﬁiii@_yi"‘ Unien Geothermal Company of New Mexic

‘REDCNOQC CREEK DEVELOPMENT AREA

O

besiGN_ {0 —
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*—» 6792 ft TVD




1000 ft—ttnck TARGET >

e \\z__ 5®0 . TVDT_

< WELLBORE

__.4.5041‘27‘"3

< — 5601t TVD
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[785000'N a e S S
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NM: STATE , : e ;

PUANE - o —
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f GRID-
; /
782.500'N "
13

o eRezo- . / Y 'O :
PRC-itS5-1 - 2000 FT |

*RC-1214 23

' ‘ e
280,000'N: : L, '
' c-nT-nt
o W CRC-u8-1  *RC-U6-HI

*RC-119-11
e

AN B Wb SRR g

Sl S LAV SRV

ég, 7,500'N

§7.75.000'N

. : L  WELLS CROSSING
. MAJOR GRABEN FAULTS

~ . i» PRODUCING INTERVAL

o o . PRODUCERS

NONPRODUCERS
S
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- Umies Geothermal Company of Hew Mexi

gty o

‘REDOMDO CREEX DEVELOPHSENT AREA

DESIGN . | [: D
CRAWN - | € FzumAK<2;

SIZEIAFE NGO, |DWG. NO.

par gy

RC-L-24K-101a
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o N\
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. i PRGDUCING INTERVAL
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/
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|- 2000 FT. |

!T
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[ Uzion Geothermal Company of New Mexicg

DESIGN.
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Union Geothermal Company of New Mexica

BESIGN ‘ /, g

DRAWN | e gZupak <.}

‘REDOMDO CREEK DEVELOPMENT AREA

| —

{SIZEIAFE NO. DWiG. NO. - : R
‘ij c RC-L-24K-101a J/




; W
| ©
i (o
i -
fzes.000'n 3
»”
' Zn M.STATE
PLANE
CO-ORDINATE

y
(782.500'N

¢
g 80,000'N -

TZT7.500'N

| SN iy

A ——— T e -
REV’ ~ DESCRIPTION citz | ey ;:..:
A | 1ssuzp | s-15-z0 | .= |
.;‘ g o kW
© © o
3 a by - o
[ =) o ws ~
Q
- ~v:_ <
s
- —_———

B j .
<
&E :

*RC-120-4 ZE“";: - B
: A\t A{qms-»m | 2000FT |
¢ RC-121=4t 25
. »15
194
. \ .o “'.
\ e RC-il 7=
#RC-H19-41 'Rc'"s'a\ *RC-uS
’ . #
&
Gk oRC-113-22
RC-113-12
P~
. “YA - | - VV
WELLS NGT CROSSING
MAUGR GRABEN FAULTS -
e : - _ . :

PRODYCERS
EEE——

- m

. Union Geothermal Company of New Mexii

"REDOMNDO CREEX DEVELOPMENT AREA




\_/f
— T NN TTUTT T O=TZ T =7 1=~
/ A | 1ssuzp 5-16-30 |-~ |-~ )
w -: M R s
.O [« (= o
o
8 o 2 8 - a
' (&)
S 000'N & 8 S S S
(2] T v b 4 v
: 4&.:. STATE r

PLANE Lt , g
. CO-~ORDINATE ‘

H
2.500'N" ‘

e c——

N

TSl | 2,000 FT. |

_ X 19 ) : _
D.00O'N ~ ‘ ‘
- ‘ *RC-U7-1

sRC-1i8-! SRC-UG -
. \‘ _ 1
7. 500 R )
WELLCOURSES IN STUDY 15
R o L WELLS AGREEING 11(73%)
N wmrsosacneEne 500
WITH HYPOTHESIS %
]
l:".
g,soo'n_
unﬂféz}‘ .;n Union Geothermal Company of New Mexico
A _"_ - ‘REDOMNDO CREEK DEVELOPMENT AREA
DESIGN | £y 4 . | o
{\ IDRAWN. | £ FEZaA A <2, ' /

CIoTTAEE. MO lowe NO E . 1RE”



A




- TRACE of
VERTICAL FRACTURE /4

" PADS 2&4 SEE FRACTURE
PADS 1&3 fat 90”10 fracture) DO NOT




T —

|

FRACTURE IEEN&'I'IFKC.};T!

ﬂeﬁh uml S
Olisewes azimalh 248" Raynatic:Bociinalien 12°E

Trusazismih & pesitioniof Pt 252 er ST2Z W
Pl Observiag Fraoture::2 amd 4
Fractere Strike : 342 orNI8'W



zzn

| N3TW

77 deg




I

1785.000'N

sl OHVUU N

4 1780.000'N

:; I At Sndhathe iy

1777,500°N ’ :

Do ASRES Sy

BTOIN:

1 RC IZI~“ s

] 2,000 FT. |

_:.,,. -, ————— Y s ——
A XSSU:D 5-15-80 | <~ |
" .
w - L - -
.O ) 8 8 8 (]
8 o <l o - a
~ o od W) ~
o o Q
” < L - «
) 4»1 STATE - :
PLANE
CO-ORDINATE ‘
y
1,782,500'N -
4 o R
S \I’ |
°Rc-£2‘o-u & Jen :’3 ~

oRC-H.T=H
- - -t <3 =]
4

!
2/
T8
10 ~
e Mgac-:rs-zz
I/ RC-113~12

}

WELLS PARALLEL .
te: FRACTURE TREND
. .
' [PBooucers
- usliaiionin 3o
ungéén ' Union Geothermal Company of New Mexico
g_ 1 "REDONDO CREEK DEVELOPMENT AREA
BESIGN. 7D
/ PRRE R RE e ——




772.500m - - | | PRODUCERS

A xssu:a ' T

5-16-80 | < Y

397.500'E
400,000'E
402 500'F
405,000'E
.z;aoz

) Z - . . 16
: —NM. STATE

\!__//.
PLANE. : o
CO-ORDINATE ’

/Gay

e

N

! 'z.oﬁo,o FT. |

* ol B0 B b b £ gt S e P
i Z“'q”*:rv ﬂ,ﬂtu‘f; fiske "> it b
3 SRR RCHALS

eRC-U7-11
*RC-U8-1| *RC-IS-II

\\. ‘

WELLS PERPENDICULAR
o FRACTURE TREND

f

Eﬂ’ﬂg@n | Uniun Genther’mal Cumpa'ny of New Mexicd

/B&::;m:r o g

R G SR B "REDOMDO CREEK DEVELOPMENT AREA
@@GN - £<'cQ~ | . ’

RC-L-24K-101a /L___

sdiiis™




MAP VIEW

NG \\FHACTURES\AUGNEB TREND




/ A | I1SSUED 5-15-80 |-~
[ 8]
': S S © ':
o 4 e <t . o
. Q (&) g (= ¥
783,000N g g o X
bl - L & L £
: Zm.f.s'mﬂ: s
PLANE [
: CO-ORDINATE R
y o
782, 500N~ ) ﬁ'
. Y RDPy
. Av2 -
5 . o~ R TR . .
N Rc-us- ' o FT |
che-zin | 2 RC-US-H | 2000FT }
, 19
780,000'N L
\ oRC-NT-U
‘ eRC-p-y  “RC-HB-1  eRCAM
/ b
rae ‘1"- 13-22
jrrscon 718 eciog
4
e WELLS NEITHER -
- PARALLEL mor PERPENDICULAR
10 FRACTURE TREND
- B ,
= MONPRODUCERS
S
no ey . N e
ggﬂ ﬁgﬁ;ﬂ Union Geothermal Company of New Mexica
. "REDOMDO CREEK DEVELOPMENT AREA
DESIGR [fD |
v | g FEuRAK R :
\ ORAWN IS.FEWRAK T ISEIAFE NG. DWG. NO. : Ri
S ewerw |27 Al RC-L-24K-1012




W .: _lsl i i 1
o) ) (=4 o
2 3 a 8 - o
© L785000'N ¥ 8 b s
(24 - - - v
' Z:ram.sn:rrs / 'S
PLANE —
CO-ORDINATE -
| GRID
) * / )
1,782,500'N on
1
*RC-120-1}. }Rn 13 N
e T I 2,000 FT |
1780,000'N ‘ ORC-.IIT-N
S -Rc-na-}\ RC-H6-il
| l .
/ ¢
; LZ77,S00'N - ' - i ,:g-::g-lzzz
‘\ WELLCOURSES IN STUDY 15
' Y ] '
- WELLS AGREEING :
- wiri nyporesis_14(93%)
| LT7S5,000N o
' DR \5‘ . WELLS DISAGREEING 1(7%)
T - WITH HYPOTHESIS '
| -
| -
? 12
1772500N _
B ' £ . | _ .
| unﬁgﬁyn _Union Geothermal Company of New ilexic
B N . 'REDOMDO CREEK DEVELOPMENT AREA
IBESIGN: | £:D
IDRAWN tE.F??_.U?/*’( T e - :
~ —_ " L SIZEJAFE NO. pws. NO. - . )’“




T
|
B L RN R R R R E R R R P T R R
j |
3
A B —
A/ﬂW Wi B A B 8] T N N I U AN NN SO . [ — 1 i o WL T o
= = Fr\l‘ - . 7 - i i il il PO T o o - R [P _ _ — i,
NI 5 [Pl I
i 2 l\ %CM/ S m ﬂ W.
R S 8 NS - S e i N | ] _ s i ) N
I ,mM S|, B — N Wu MD [ 191 - -
= - W] Nl O S D i . ] IO - i -
vl - — - NG o K = —t— - B e
113 HE = &8 ®
3 ] e —————— qa{.\d _c
RS st e g Besy e
== oE 2O B ) S N o) OF Ay o S SO — el S - — —
Wn W zé‘q#.?‘?é%?;@%9??%@75@5 , —
3 oy b Y AN RN | SENTRY A0 BN QTR VA AN T o .
Vo R f AT 1 N Nl S S TN R 5t Phe S— JARD - = o (RSS! e e i
s AR B N e S R N S R S P e
i #MS?@@? % B SN E N AD RS ARSI+ i/ RS EVART RSTESSATY - T -
s AR A S Ve R VN AT R AR AR AV S R T BN AR ] -
~ ) :
7 0 P ol A O 0 .l . - 175 N A OO O 1S 0 S DT - i
B P ] S A LR e o e
it S 5 0 00 0 0 Y . e NI 3...x ) s ] I N N O I
h \nw e e o ot N Y 97 O e . B ) 0 e i - —— -
. RIS
| N
mlos| N NSNS \a el ol
W L LYol B U i S 8 Y T e e e e e - T o o
| i) % ‘ﬁgj,‘w‘é,ﬁhﬂvk:.rt— o T /V [ 555 ] | I - - i o e ML L
™~ N34 RN I~ ol IRY Q1 Qulpal ol =l L
! b g L UL S TS T AL ST AT TUTEOTS Alleenl L | M M sl i L
_ = N Ol o mr‘at._: B O T 5 MO O A (T ) il ] T N ) AU TN, AR o =l - - ST
D 2t ol LA ol slw
AA
S . - - N D SRRV V20N N 17\ N R R I - N =
AR B R RN AT S TR e S  EEEE=EE
L ¢ s S BN L L | N Y = L (a'al %?)1 e - L —.
- A IQINMIITNN (VST S VA Y Y e B e O W S N Sl =
tNﬁ s ,WI/U M/ﬁ?ca// %l/ﬂ ;_<V.IV/D.»%.7a7AQMM;QV
. TSt TN e e 2 =S r o 2r e RANNAN S SNRRERRE3SShERCS YT 5




PRE - DOE WELLS

- - - - - o= -~ - -

' ($000) " AT\LINE: PRESSURE)
| ComMeRrcIAL f, 45,000 :Bs/HR
o WATER InjECTOR
~ Baca- 6. 4810 - et INtTiALLY CommerciaL  (33,000)
| (3455' mm) e ~ Now Bripcep 8 9-5/8"
| N S Sl R ~ CoLLArsED
BAcA- 9] rf':«:fj»f; 5303’ o333 peA o
BAcasl/ e 6001'5§53?§¥Qf; 635 | "ECHAN!CAL PRonLEMs 1"g
Baca 1t . 6931 - 45 GOMMERGIAL 116,000 Los/um
Baoal2 0212 5K  WATER InjECTOR
Baca 13 S m2@ 18 CowerciaL 54,000 tas/ur
Baca 14 e&y' - ' o |
(5780' ENF) 908 WATER INJECTOR | -
Baca 15 ; 5505 © 610 CommerciAL 105,000 LBS/HR
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| ($500) | -
Baca 17 OH5791" 914 - NON-PRODUCTIVE
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- e e e

, 1 A
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- ey o
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3 o o ~ Lost HoLe - .;;:5 »
RD1 6485' 400 SUB-COMMERClAL ;%73(@1;000 8 W5 ps1)
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| o $2,194 | _ 7' ST |
Baca 23 T S?QGf 1,260 Non- ~PRODUCTIVE

Recpi, 3515 b= PGSSIDLY COHHERCIAL (MB;@OO 8'5L:psi)

) ' $1’ 863 . B : f, vz-:::::.";“.‘.-..’.'.'ZZ.Z'.'.---.‘.-‘.‘.

TOTAL&' o 30,000 LBS/HR
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SUMMARY OF REDONDO CREEK

ToTAL WELLs 18 -

TOTAL HOLES 24

WELL STATUS
5 COMMERCIAL PRODUCERS (350,000 LBS/HR STEAM)
1  On TEST | .
3 INJECTORS
| §  SUSPENDED
"1 ABANDONED
18 | |
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AVERAGE PRODUCED FLUID CHEMISTRY

) BRINE CONDENSATE
pH . 72 45
TDS mg/l 6093 : 29
Sio2 ‘ 599 29
ofokc 19 0
HCO3"~ 127 6.6
s- 2 8.6
S04< 64 18
(o1 3061 17
Na ; 1749 ' o
K 370 1.4
Ca | 15 . . 0.4
Mg 0.3 02
Ba , 0.05 0.04
23 0.8

F 6 <02




FLUID CHEMISTRY SUMMARY

Well BACA NO. 4

BRINE
Avg. Conc. Range No. of Samples
pH 6.7 6.5-7.2 3
Suspended Solids, mg/T 0
Total Dissolved Solids, mg/1 5100 1l
SiOZ mg/1 302 167-701 15
cog " | 0 . 2
HCO3™ "~ 182. . _175-188 2
s- ] . 0 [
S0~ " 42 30-53 . 2 |
(0% by " ' 2495 1560-2660 15
Na =" 1473 950-1580 16
K " 300 198-311 | 16
Ca " - 6.3 4.1-7.0 -~ 16
Mg M 0.3 1
Ba \..u | 0
B " 20 19-21 2
F oo ' <0.02 1
Total Mass Flow, #/hr 171,400 160,300-176,100
Steam F‘raction, % 26.8 24.4-29.4
Pressure, psig 119.7 111-173.5
NONCONDENSIBLE GASES |
. s
"% by wt. 3.16  Avg. Range 1 No. of Samples |
% by Vol. ' Avg. Range 0 No. of Samples
ppm by weight ppm by volume :
Avg. Range Avg. Range No. of Samples |
0,  _ 30,390 12,430, | 1
HpS 165 117-213 87 62-112" 2
N2 0 0 2
Hp 1.4 12.5 2
CHg 2.8 2.2-3.4 3.2 2.5-3.8 2

NOTE: Left out values obtained from diluted samples. CO; and H3S

concentrations are from total steam samples.



FLUID CHEMISTRY SUMMARY

Well BACA NO. 6

BRINE
Avg. Conc. Range No. of Samples
pH : 7.4 1 ‘
Suspended Solids, mg/1 . 26 ‘ 1
Total Dissolved Solids, mg/1 6018 . 5800-6230 5
- Si0p, mg/1 453 160-600 3
cog " 58 0 -93 3
HCO3™ " 84 68.8-99 2
s- oom ‘ ‘ 1 1
S - __ 30 29-32 4
ot ' 3082 2860-3400 6
Na " , ’ 1721 1640-1780 5
X v 322 290-370 5
Ca - " 8.5 0.1-12 4
Mg " 0.08 1
Ba o - . 0
B " ‘ 20 17-21 3
F o ' 6.7 1
Total Mass Flow, #/hr 163,700 148,500-181,600
Steam Fraction, % 27.8 23.7-31.5
Pressure, psig : A 60.4 38 -~ 96
NONCONDENSIBLE GASES
% by wt. 1.33 . Avg. 1.27-1.38 Range 2 No. of Samples
% by Vol. 0.78 Avg. 0.52-1.06 Range 5  No. of Samples
ppm by weight | ppm by volume
Avg. Range Avg. Range No. of Samples
COZ 11,140 9,000-15,775 6450 (1 sample) '7
HpS 99 _69-257 136 (1_sample) 7
Ny 2.5 0-5 1.5 0 - 3 2
HZ 0.5 0.4~-0.6 4.5 3.7=-5.2 2
2

CHg 0 ' 0

NOTE: CO, and H,S concentrations are from total steam samples.



FLUID CHEMISTRY SUMMARY

Well BACA NO, 11

BRINE
Avg. Conc. Range No. of Samples
pH . 7.2 . _6.6-8.4 8
Suspended Solids, mg/1 616 ' 522-688 3
Total Dissolved Solids, mg/} 6895 6056-7593 4
§10p. mg/1 740 640-835 7 -
co3 " 11 | 0 - 48 8
HCO3™ "~ 99 . 24-150 8
s- " ) 4.1 1.5-6.5 4
S0, " ’ | 68 - 50-84 6
c1- " o 3453 . 2590-4400 8
Na " 1959 1810-2200 8
K " ’ 456 340-550 8
Ca- " 30 17-46 8
Mg " 0.14 0.07-0.2 7
Ba " - : 0
B " 28 24-35 7
F " _ 6.6 5-7.6 3
Total Mass Flow, #/hr 227,100 122,700-347,400
-Steam Fraction, % ' 39.7 24.2-50.3
Pressure, psig 123.7 | 96-171
NONCONDENSIBLE GASES
% by wt. - 3.76 Avg. 2.30-5.94 Range 8 No. of Samples
% by Vol. 1.60 Avg. 0.96-2.54 Range 7 No. of Samples
ppm by weight ppm by volume
Avg. Range . Avg. Range - ~No. of Samples
C02 _ 49,250 33,700-89,100 20,220 13,775-36,450 6 _
st ] 477 290-867 255 153-474 7
NZ 132 0-381 86 0-245 8
Ho 3.8 1.4-7.4 34.5 13-69 8
8

CHg 1.2 0-5.8 1.4 0-6.6

NOTE: CO, and H,S concentrations are from total steam samples.



FLUID CHEMISTRY SUMMARY

Hell BACA NO. 13

pH .
Suspended Solids, mg/1

Total Dissolved Solids, mg/1
Si 02 - mg/1

coy~ "

HCO3~ "

s- "

SO4=
- "
Na "
K "
ca "
Mg "
Ba "
B "
F "

Total Mass Flow, #/hr
Steam Fraction, %
Pressure, psig

NONCONDENSIBLE GASES

BRINE
Avg. Conc. Range No. of Samples
7.6 6.9-8.5
360 5.5-734
6477 - 5500-8684 8
_ 786 556-963 10
28 0-97 8 _
214 163~281 8
2.2 1-4 5
164 50-344 7
2783 2320-3300 8
1733 1500-2030 8
329 278-394 8
6.8 5-11 8
0.49 0.04-1.5 6
0
22 19-24 8
10.2 8-11.6 7
284,600 195,500-507,000
28.4 26.8-30.2
89.4 64-118

% by wt. 2.93 Avg. 1.93-3.94 . Range 12  No. of Samples
- % by Vol. 1.23 Avg. 0.80-1.64 Range - 12 No. of Samples
ppm by weight ppm by volume
- Avg. Range Avg. . Range No. of Samples
COZ 38,520 30,040-45,200 15,830 12,300-18,900 |
HZS 149 863-205 79 45.6-108
NZ 33 0-122 24 0-114 14
H2 0.22 0-0.9 2.1 0-8.4 10
CHg 1.7 0-10 1.9 0-11 )
NOTE: CO, and H,S concentrations are from total steam samples.

Left out values obtained from low rate of two-rate test.



FLUID CHEMISTRY SUMMARY

Well BACA #15

pH

Suspended Solids, mg/}

Total Dissolved Solids, mg/1
SiOZ mg/] '

coz "

HCO3' "

- "

SO04-
c-
Na "
K "
Ca: "
Mg "
Ba "
B "
F "

 Total Mass Flow, #/hr (avg.)
Steam Fraction, % (Avg.)
Pressure, psig

NONCONDENSIBLE GASES

% by wt. of
steam phase

% by Vol. .56  Avg.
ppm by weight of N.C.

1.35 Avg.

ppm by volume

BRINE
Avg. Conc. Range " No. of Samples
6.9 6.5-7.3 6 -
274 3-566 6
5,974 5390~-6670 6
715 : 600-792 "5
0 0 6
54 37-67 6
.9 .1-1.6 5
18 12-28 4
3,493 3220-3700 6
1,860 . 1730-1970 6
445 ' 407-481 6
22 18-27 6
D .07-.9
.05 .02-.09 6
26 ___24-27 6
6.7 _5.9-7.9 9
150,000
61
73~202"
1.15-1.53Range 6 No. of Samples
.48-.64 Range 6 No. of Samples

Avg. Range gases  Avg. Range No. of Samples“
€05 11,971 9030-15,150 4,933 3650-6250 9
HpS 131 107-162 70 57-86 9
Np 0 0
Ho 1.9 1.4-2.6 17 13-22 9
0

CHg 0




ARS 80-488M

TABLE 5

Baca #20  10/23/80

Composition of Condensate, Brine and Two Phase System

Zinc, mg/1

Condensate Brine 2-Phase
Physical Propertijes
Specific Gravity @60°F 1.000 1.00050 1.0027
Conductivity, » mhos/cm 7500 . 3700
Turbidity, NTU - 0.6 -
Solids
Settleable, ml/1 - 0.1 -
Suspended, mg/1 <2.0 8 <2.0
Total, mg/1 - 7487 -
Total Dissolved, mg/] 37 7068 3208
’
Metals and Silicon
Arsenic, mg/] nd<1.0 4.0
Aluminum, mg/] - 0.1 -
Barium, mg/1 0.03 0.6 <.02
Beryllium, mg/1 - <.01 -
Boron, mg/1 <1 33 15
Cadmium, mg/1 - <.01 -
Calcium, mg/1 0.4 46 10
Chromium (Total), mg/] - <.002 -
Chromium VI, mg/1 - nd<.002 -
Cobalt, mg/1 : - <.02 -
Copper, mg/1 - 0.04 -
Iron, mg/1 0.4 0.4 1.9
Lithium, mg/] - 3.2
Lead, mg/1 - 0.7 -
Magnesium, mg/1 <0.5 <0.5 <0.5
Manganese, mg/1 - 0.5 -
Mercury, mg/1 <.0005 -
Molybdenum, mg/1 0.1 -
Nickel, mg/1 - 0.22 -
Potassium, mg/1 4.5 455 192
Selenium, mg/1 - 33 -
Silicon, mg/1 1.6 220 ~ 7 180
Silver, mg/1 - 0.03 -
Sodium, mg/1 11 2300 930
Vanadium, mg/1 <.03 -
- 0.7 -




ARS 80-488M

Anions and pH

pH

Bicarbonate, mg/1
Carbonate, mg/1
Chloride, mg/1
Cyanide, mg/1
Fluoride, mg/1

Nitrite (as N), mg/1

Phosphate, mg/1
Sulfide, mg/1
Sulfate, mg/1

Ammonia, mg/1
Demand
BODS, mg/1

CODS mg/1
TOC, mg/1

TABLE 5 (cont.)

2-Phase

4.9

1650
3.1

27




ARS 81-140M

TABLE 5

Composition of Condensate, Brine & Two-Phase System
Baca ¥22, 2/9/81

Condensate Brine 2-Phase

Physical Properties
Specific Gravity @60°F 1.000 1.0125 1.0020
Conductivity, u mhos/cm - 22,000 -
Turbidity, NTU , - 110 _ -

Solids
Suspended, mg/1 . <0.1 . 34 <0.1
Total, mg/1 ) - 14,690 -
Total Dissolved, mg/] : 37 14,300 2.1

Metals & Silicon
Arsenic, ' mg/1 0.13 4.54
Aluminum, " - 0.3 -
Barium, . " 0.01 0.04 0.05
Beryllium, " - 0.01 -
Boron, ; 0.2 68 0.1
Cadmium, . " - - nd<.01 -
Calcium, " 0.3 29 0.5
Chromium (Total), " - - nd<. 02 -
Chromium VI, " : - nd<.002 -
Cobalt, .o " - nd<.03 -
Copper, . - 0.03 -
Iron, " 0.30 0.25 0.4
Lithium, " - 50 -
Lead, " _ nd<.05 -
Magnesium, " nd<.05 0.4 nd<.05
Manganese, ! - 0.03 -
Mercury, " - 0.0005 -
Molybdenum, . - <0.1° -
Nickel, " - <.01 -
Potassium, " 1.3 770 1.7
Selenium, " - 0.5 -
Silicon, " <1 314 <10
Silver, - - <.02 -
Sodium, " 1.0 4,810 0.9
Vanadium, " - 0.06 . -

Zinc, " - 1.3 -




ARS 81-140M

TABLE 5 (cont.)

Condensate Brine 2-Phase

Anions and pH

PH 5.2 8.2 5.2

Bicarbonate, mg/1 83 418 - 82

Carbonate, " 0 77 0

Chloride, " 2.1 7,880 5.1

Cyanide, "o - <.01 -

Fluoride, " <0.2 22 <0.2

Nitrite (as N)," ° - <. 001 -

Phosphate (as P)," - 0.22 -

Sulfide, " - 12.6 28

Sulfate, " . 56 170 2
Ammonia, mg/]1 - 2.0 -
Demand

BOD,, mg/1 - ' >324

coD; " - 1,570

ToC, ! - 61




WELL

Baca 1

Baca 2
Baca 3

Baca 4

Baca 5A

Baca 6

TD AT
TIME OF

SAMPLING

2560
2560

2560"

SAMPLE
TYPE

Flashed H,0

Stm. Conden-
sate

Stm. Conden-
sate

No data available

2200'
1892°

2408'

5048'
6376
6376

6376

2705
5684°
6022"'
6107'
6793'

2100°
2431°
3225°
3715"
3715°

Flashed H0
Flashed H20

Flashed Hy0

Flashed H0
Flashed H30
Flashed H30

Flashed H20

Flashed H320
Flashed H,O
Flashed H20
Flashed H30
Flashed H30

Flashed H20
Flashed H20
Flashed H30
Flashed H20
Flashed HO

* Data not used in this study

** Average of 13 anaiyses taken

IUM AND POTASSIUM CONCENTRATIONS IN WA

——

during this period

Na/K AVG Na/K
DATE ATOMIC MULTIPLE
REPORTED Na PPM- K PPM RATIO SAMPLES STD. DEV
06-24-63 400 37 18.39
06-13-63 83 27 5.23*
} 4.89(2) 0.48

06~18~63 83 31 4.55%
07-24-64 1959 300 11.11
10-21-70 633 50 21.53*

) } 24.21(2) 3.79
10-21-70 917 58 26.89*
11-16~-70 2100 177 4,60%
08-22-73 1500 300 8.50
Sept., Oct. 1515%*%* 309 %% 8.34%x* 8.40(15) 0.19

1973

09-18-73 1580 300 8.96
11-08-71 1832 210 14.84
11-08-71 1020 80 21.69
11-08-71 1100 115 16.27 16.71(5) 2.83
11-08-71 1000 110 15.46
11-08-71 1080 120 15.31
10-20-72 1680 280 10.21
10-20-72 1890 325 9.89
10-20-72 2220 395 9.56 9.41(5) 0,93
10-20-72 1630 355 7.81 .
02-13~-73 535 95 9.58



1 WELL

Baca

Baca

Baca

Baca

Baca
14,

Baca

Baca

7

9, 10

11

12,
16

13

15

TD AT
TIME OF

SAMPLING

SAMPLE
TYPE

No data available

2995"

4380'

2-Phase

Flashed

No data available

6924'
6924'
6924'
6924'
6924"'
6924'

Flashed
2-Phase
Flashed
2-Phase
Flashed
2-Phase

No data available

8228'
8228'
8228'
8228
8228'
8228'

 5505"

5505"

Flashed
2—~Phase
Flashed
2-Phase
Flashed
2-Phase

Flashed

2-Phase

Flow

HyO-

H20
Flow
H20
Flow
HoO
Flow

H7O
Flow
HpO
Flow
Ho0
Flow

H,0

Flow

IUM AND POTASSIUM CONCENTRATIONS IN WA.

Na/K AVG Na/K
DATE ATOMIC MULTIPLE

REPORTED Na PPM K PPM RATIO SAMPLES STD. DEV
10-20-72 2170 565 6.53

} 6.33(2) 0.29
10-20-72 2160 600 6.12
Jan. 1976 2000 463 7.35
Jan. 1976 1950 455 7.29
Feb. 1976 1810 430 7.16 6.95(6) 0.41
Feb. 1976 1240 302 6.98
Apr. 1976 2010 541 6.32
Apr. 1976 2080 535 6.61
Jan. 1976 1700 338 8.55
Jan. 1976 1575 300 8.93
Feb. 1976 1620 328 8.40 8.77(6) 0.30
Feb. 1976 1550 306 8.62
Apr. 1976 1550 296 8.91
Apr. 1976 1600 295 9.22
10-24-76 1950- 470 7.06

} 7.10(2) 0.05
10-24-76 1900 453 7.13



BACA 20
BRINE

CONDENSATE

BACA 22
BRINE
CONDENSATE

Na/K

Na (pPM) K C(PPM)  ATOMIC RATIO
2300 455 8,60
2300 4,5 4,16
4800 /70 10.62
1.0 1.3 1,31




AADLL, A

Na-K-Ca Geothermometer Indicated Temperatures

Concentrations (ppm) Indicated

Well Date Na X Ca Temperature (°F)

Baca 4 9/18/73 1580 . 300 7.0 615
9/21/73 1500 305 6.8 626

9/24/73 1500 307 6.7. 627

9/28/73 1500 307 6.6 628

10/01/73 1525 310 6.4 . 628

10/05/73 1525 310 7.0 626

10/08/73 1500 307 6.4 629

10/12/73 950 198 4.1 . 632

10/15/73 1525 311 6.4 . 629

10/19/73 1450 307 6.2 . 635

10/22/73 1525 310 6.3 . 629

10/26/73 1525 305 6.2 626

10/29/73 1525 311 6.4 . 629

11/02/73 1550 310 6.4 - 626

11/05/73 1550 311 6.4 . 626

11/09/73 1330 292 5.4 - 643

Baca 5 8/24/71 1832 210 19.2 515
Baca 6 10/11/72 1640 370 0.1 789
11/09/72 259 25 1.0 515

10/27/72 1770 319 11 . 597

11/07/72 1780 331 11 . 602

6/13/75 1900 363 17 " 596

11/09/75 1700 300 12 . 590

Baca 11 12/22/73 1920 -360 = 32 577
12/22/73 1930 340 32 - 567

9/16/74 1900 483 23 636

9/20/74 1900 483 25 634

11/08/75 2200 550 46 618

1/12/76 2000 463 27 617

2/24/76 1810 430 17 632

4/08/76 2010 541 36 ‘635

Baca 13 12/07/74 2000 278 5 579
12/07/74 2030 394 11 613

12/07/74 1890 . 377 11 616

10/15/75 1570 317 5 635

11/07/75 1500 305 s 635

1/11/76 1700 338 6 629

2/26/76 1620 328 6 . g31

4/07/76 1550 296 5 - 625

-17-
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mass :g;!’“)
. TABLE 7 :
A veragse fﬁﬂmﬁ‘a%/ﬁds oX Varrous Chemient £ﬂ57f7’(’€4'7§ m e ¥
Avg. 'TDS Avg. TDS Silica (ppm) Noncondensible H>S Concentration (ppm) Average
Well In Brine In In Brine . Gas % by Wt. Flash Flowrate
Condensate of Steam Phase|Noncondensible Total Steam % lbs/hr Total
- ‘V
Baca 4 - 5100 28 302 3.16 R.53 165 165 26.8 171,400
(167-701) (150-180) (117-213)
322 L@ 340
Baca 6 6018 23 453 1.33 37 61 99 27.8 163,700
(5800-6230) (3-65) (160-600) (1.27-1.38) (60-61) ( 69-257)
Baca 11 6895 | 59 740 . 3.76 .S 365 477 39.7 227,100
(6056~7593) (7-105) (640-835) (2.30-5.94) (222-564) (290-867)
Baca 13 6477 13 786 . 2.93 .33 81 149 28.4 284,600
(5500-8684) (7-25) (556-963) - (1.93-3.94) (57-96) ~ (86.3-205)
' 3.9 1.0} 228"
Boca 20 Coasy Ly3 135 $8.0

NOTE: 1. Some samples from Bacav4 were diluted prior to analysis. The results

from these analyses are not included
in the above.

2. Left out values obtained from low rate.of two-rate test on Baca 13.
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REDONDO CREEK AREA

MAJOR FAULT @ ‘
| Producing Dry Well Course
Well Course

\\.Temperature Contours at 3750 ASL

."

Trace at Surface:
Trace at 3750'ASL &
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