ABSTRACT

HOT WATZR FLOW IN RAFT RTVER RESERVOIR

]

Harold L. Cverton

Hot mineralized water is rising along a major N-5 fracture near the Crank
well in the Raft River Geothermal Reservoir. This water is distinguished

by high TDS and Li, and by high Ca in the interior of the system. The

_water reacts with shallow meteoric water SO4 to form gypsum on the west

extremity but flows down dip to the SE (where Ca remains high). The down
dip flow may be traced with shallow temperature gradients, which are
excessively\high where hot water flows laterally. Well logs show that the
strong brines are abnormally shallow where G is highest, but are normal

(deep) for the lower temperature gradients.

The combination of brine concentration, shallow Gt, and depth of the strongost
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brines shows that well No. 4 is closest to thqﬁheat_seurcc. Wells 1, 3, ‘and

2 are farther away (in order of increasing distance). Well No. 3 is in the
<. -

path of shallow down dip moving waters, and its water production causes 42>d,ﬂ
.

shallow water to be drawn ini. iha deep fractures; this causes -TDS and ncrr«éﬁazw;l
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reactive lons to increase with time, in the produced water. “’945 Ve

The geothermal water is characterized by Cl/Na of 2 and Ca/s04 greater than
2, while the lateral metcoric water flow has 1.7 Cl/Ha and near 1 Ca/50,.

Both Li and Sr for the hot water are about double that in the mixed waters.

Both permeability and temperature should be best along the N-S line of strong ‘;7

brines. 1Injection wells should be drilled to the west of this hecat source S
rd .
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TABLE 1

GEOCHEMICAL INDICATORS FROM WELL WATER

Raft River, ldaho

WELL RRGE No. 1 2 3 BIM Cranx
Indicator First, hverage Shallow/becp/Recent| 1st, Avyg.| First, ave, v
Ca/S0, .93, .90 .91, .65 4.8/1.57/3.6 <75, 1.0 2.1, 2.4 |
Ca, ppm 57, 54 recent 48, 35 293/ 78 /193 52, 55 125, 130
Ca/Mg 75, 22.7 39, 51 154/ & /320 260, 275 417, 260
Mg .76, 2.3 1.23, .6 | 1.9/ 13 /.6 2, .2 3, 5 -
Cl/Na 1.54, 1.71 1.86, 1.7y 2.17/1.79/1.¢4 1.57,2.07 171, 1.77
Cl, ppm 6l4, 776 804, 708 4210/770/2170 880,1139 1900, 1900 |
Cl/s0, 10.1, 12.9 15.2, 13 69 / 15.5/ 41 12.8, 21 31.7, 35
S04 61, 60 53, 54 61/ 50 / 53 | 69, 54 60, 54
Cl/Ca 10.8, 14.3 16.8, 20 14.4/9.9 /11.2 16.9,20.7 15.2, 14.6
TDS 1715, 1560 1852, 1267 6602/1450/4130‘ 1720, 1640 3360,3720
NOTE :

L3

1. The Shallow No.

respacts

2. The recent produced water in No.

than it wus at initial production.

3. All indicators excapt those wi
half way betwe

4.

containing Mg.

The BLM well water is somewhat like No. 1

3 is more similar to No. 3

3 water is most similar to the Crank water in all important

th Mg suggest that the recent No. 3 water is
en the original deep and shallow waters (i.e.

and 2 waters, except for indicators |

shallow (3986 ft.)

50% mixing).
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Raft River Subsurface Water Characteristics

Section T,°C Na/Li Ca/s0, ea/lg Ca/ia C2/58, Cz/Ca TOS B Ca Remarks
23 abe v 29 405 1.2 19.6 0 1.6.1 144 12.2 2880 25 167 Sys. No. 1
23 dec 15 803 1.5 5.3 1.87 3.0 2.0 736 07 97 Elinm
23 ded 39 400 2.0 na .73 18.9 9.5 2450 1
24 bag 22 443 1.7 7.3 .74 10.8 6.2 1536 .12 103 °
24 beh 24 633 1.0 £, 1.5¢ 10.9 10.6 2000 .20 6 Sirks
24 cad 28 416 2.1 6.9  1.89 9.1 4.4 1403 11 126
26 cab 24 45 .84 9.0  1.52  16.3 19.4 2496 21 57
27 dcc 15 646 .95 5.5 1.33 5.0 5.2 896 05 59 Marginal
17 beb 10 7195 1.70 6.2 1.93 5.5 3.2 1535 G 187 Sys. No. 2
18 bee 22 607 3.40 4.1 2.74 1.6 3.4 g0 .01 98 Sys. Ho. 2
18 cac 15 549 2.60 4.0 2.41 9.€ 3.7 1187 .05 124 Sys. No. 2
L9 cce 19 20 1.7 6.5  1.88 9.9 5.7 1855 .17 130
25 bee 10 6030 2.1 4.6 3.2 5.2 2.5 1408 .01 155 Elim
. RRGE-) 141 329 .93 75 1.5 100 10.8 1715 .2 57
 RRGE-2 147 361 .91 39 1.86 15.2 15.8 1852 25 48
C RRGE-3922R() 1487110 430/473  1.57/4.8  6.0/154 1.79/2.17 15.5/65  9.9/14.4  1450/6600 - 78/293
© CRANK-23 93 444 . 2.1 417 1.71 31.7 15.2 3360 .25 125 Flowing
o ome23 400 75 260 ] 1720 15 52

.57 12.8 16.9




TABLE 11

TRACE GEOCHEMLICAL INDICATORS . !

Raft River, ldaho

WELL RRGE No. 1 2 3 BIM - Crank
indicator Shallow/Deep/Recent ‘
Na/Li 307 344 473/430/382 393 430 “'_'
Li 1.48 1.21 4.1/1.0/3.1 | 1.4 2.5 nn i
Ca/Sr 34 34 27/ 60/ 29 41 Y , ’ "{ |
sr 1.56 1.03 11/1.3/6.7 1.35 IR

NOTE

1. Na/Li ratio changes at most 17% from the mean valve of 371; this subsurface
water data compares with 1925 for the surface water at RR. Well No. 3 Li is
approaching shallow No. 3 Li.

2. Cua/8r ratio changes at most 55% from the mean value of 39; this comparcs
with surface water ratio of 164. Well No 3.Sr is approaching shallow Ho.3
Sr.

CONCLUSIONS
Na angl Li are similar and less sensitive to T than Ca and Sr.

Present deep waters in No. 3 are a mixture of water similar to that at 4000

feet in No. 3 which is 1n turn closest to Crank shallow waters. 1 . ;

BLM water is similar to KRGE No. 1 and 2 waters. . :



A map on Lithium and also on TDS (Figure 1) shows that the mineralized water is
rising along a N~S fracturc between 23 abd and 26 cab wells (which includes

the Crank well). RRGE ip No. 3 cannot be directly compared with these wells

because it 1s deep, and salinity normally increases with depth until 200°F isg ' '-xan
exceeded.  Since heat is carried by moving water, a comparison of geothermal
gradients allows additional analysis in three dimensions.

TADLE III o ko

GEOTHERMAL DATA FOR RAFT RLVER WELLS

WELL TEMP. DEPTH T Surface DATE Gt e
op Feet/Bit Oj Da/Mo/Yr o/Mm ft
No. 1 109 900/26 67 mud 1/9/75 4.7 (6.67?)
252 $632/12k 50 2/2/75 - 4.4 ' .
286 5007/12% 50 mean 4/6/75 4.7 v
No. 2 212 4247/12% 50 '5/12/75 3.8
o 284 6006/12% 50 6/27/75 3.9
No. 3 158 1404/17.5 50 3/30/76 7.7
139 4259/12% 50 4/17/76 _—
295 5863,/8Y 50 5/2/76 4.2
No. 4 199 . 1900 ‘ 7.8
252 2840 7.1

-4

Well No. 3 has the highest G, shallow; this indicates that convective
heat is present. Since water will not flow updip at these normal ‘:7
pressures, water must move downdip - SSE. :

NOTE:

The SP curves supply the following data:

TABLE IV _
WELL DEPTH MAXIMUM MEASURED FLOW INDLCATION -
Fect Salinity §3££ﬂi£1‘ —_Depth . ’
No. 1 3690 2030 ppm 17I§ ppm 3700,46C0 '
No. 2 - 4690 3200 1852 ppnm 5200, 6000
- No. 3 . 1890 11,000 6602 3800,5400
6 No. 4 1700 1620
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Table IV data from S["arc higher than from measured data from bottom of the vells, B 2

in general. The strong brines at shallow depth in No.3 could be maintained GRS

against gravity fall by convection (due to a lateral hot water flow). Note that

the strong brines do not appear in wells Nol and 2. Strong brines are neasured ool

at the surface in the Crank well and others along the inferred N-S fracturc,

Figure 2 shows that Calcium is high to the SI of RRGE No.l and 2. Conversely

Gypsum occurs in large amounts in cuttings in 1 and 2 but not in No.3. Meteoric -
water water bringing 5047 coming in contact with hot Ca*t* waters would precipitate.” .

gypsum. Normal flow of meteoric water would be SE or downdip; this water mixed

and chemically reacted with thermal water is found in RRGE No.l and Z. ST

‘5/;

Hy gas from geothermal waters would also react with 50477 near wells 1 and 2 to o

. form sulfides. This would lower s in 1 and 2 compared to No.3. Other reactions 7"\

are shown in Table V, which would occur more ncar RRGE 1 and 2 and form permeability

barriers to further mixing of meteoric and thermal waters,




|

{continued)

Figure 3 presents a different view of the presence of Calcium. Whercas
Figure 2 shows catt as it reclates to thermal production of gypsum, Figure 3
Shéws that calcium also reacts in the thermal zone where it does noct combine
with sulfate recadily (gypsum probably combines mainly at the edge of tha‘

thermal zone where sulfur is in the form of sulfates rather than sulfidesn).

Althcugh sulfate is approximately constant in all water analyses, the sulfides

are repredented in these data -- as soon as temperature drops the sulfides

revert to sulfates in the water samples.

Figure 3 indicates that the BLM hot well is anomalous in chloride raferenced

to calcium, but that Ca is high relative to Mg. This suggests & minor fracture

system intersecting the main N-$ mineralized zone and trending NW-SE. Calcium

disappears along this minor fracture due to conversion of meteoric water
carbonates to calcite and subsequent change to dolomite. This feature repro-

sents a barrier toward development of Raft River Field toward the Southwesl.

A VERTICAL VIEW OF RAFYT RIVER FIELD

Figure % is a vertical cross section of Raft River Field -~ incorporating water

mineralization, heat movement and well gecometry.

I
Geothermal gradients are relatively large in the shallow zones of RRGE wells

No. 1 and 3. This feature indicates shallow convéction and lateral fluid
movement. Data from No. 1 shallow ~—n9OO feet —-=- depths nay be in error due
to swmmertime heating of mud pits, but the anomalous shallow gradient in No.
is unmistakeable. Significant amounts of shallow hot water are moving along
a line from the BLM well towafd RRGE No. 3. This is mainly metcoric water,
but becomes mineralized when it crosses the major N-S fracture system in the

Ve

east part of Scctions 23 and 26.
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RRGE wells No. 1 and 2 show that the most dense brine exists near the base

of sedimentary rocks - the normal circumstance —- whereas No. 3 has the heaviest
“_——-—«

brine at about 1900 feet. Upflow of mincrals occurs between wells No. 1 and

3, producing these brines. This also is indicated by "H38% gas, which is the
strongest in well No. 3. "The probable reactions occurring at the interscctions
of the two waters are shown in Table V.

RAFT RIVER GEOTHERMAL RESERVOIR ANALYSIS - SUMMARY

Strong brines rise along a N-S line near the Crank well from the hot basement
in Raft River Geothermal Field. This vertical flow is flushed downdip towards
RRGE No. 3 well by metcoric waters from the WHW, and is probably aided by a

minor fracture system extending SE from the BLM well.

At the intersection of the westerly cdge of the strong brines and the casterly
moving metecoric waters, deep Catt combines with 50477 to form gypsum and
permeability barricrs.  To the east of this barrier, sulfates arc converted

to sulfides by hydrogen from the deep watcrs.

Strong brines are found shallow east of the intersection of the two waters,
'y

but are found deep -- in the normal circumstance -- west of the intersection.

It is suggested that further development of the field be restricted to the major

N-§5 fracture system existing in the eastern parts of Sections 23 and 26.

Maximum temperatures and permeabilities should occur there.

‘




INTEL T CYILCN £ 020 Div 2'ONS wizes .

KZUFFCL & E%%C7 CO.

m; ; Nﬁ\b N. .. ..-

S EPEE IRTON A HY FRE M IO B . | “
M ' ol v.t
e .~

e

-

[ e
~

—— e g
P
B o e

1

R
L BN * i
e e — B B Rl e UG Y4 _— e e e e e e e e e
; , ; ~ P

S i ¢
Cy ! AN i ! . t

B
+

!

s ./A . ' . o r
;o P
= . L
] ,
— :

S

iE

!
!
]
|
i

L
£

.
VRN SR NV

fon
ITE L

- e

- ‘..,_;;’,,..7___ e e

e |

T

Sl ;
I % B LY
. ":M;ﬁ_i_‘ ‘

i
AT
i

Aty

I

v~

ot L
n

'
_{“:
o
-

&

"RA T
s 14.~
ot

- 'i&%'jz_" ol
P rar




N
a
R ——

LU 2 CCLES % IS0 DONIS TS wattoe it s
KUUFFLL A §3€870 T
R _ L
Feeo f 1 Al H )
eooave | Aur 2 S
o i el B e ; T
- REE el C L
v - I .
- ..../M,.:. SN I 5 Vo
. L B TR E 5 I , 0
wmln- : : o BESE IR . R i _p
Sk . - . . ) e f -
N .. R !u“l ..- ||<. — - imq
, I N T B A0 K ] R
FAEIREE SRR
‘ A NP | ]
3. } / .{l\.]u».l.l,;f . _ _ . !
i B ’ : : ﬁ :
. A . — —_ i ———
T ORI RERY I ¥ SR w

B :“_.—"J’f‘" ’“' - ;'“;"1 ‘“"’

sl
Wy

N

N

))’/,,

~
-
H
“—~
I
~
-
g

DALY

e o

A
P
L

o«
>y

-]

[ e

7'2;;?,*'”

I3

b}

3.4

i




—

R SRS SR

L0

S

.;7

i
S

AL
-

ripe

UL s

bore 3

R

e

’ v,\r\,.\.\.“\u :




VIR T AL
AN RS L S
- o, ¥ ia -

e “‘xr;t‘ )

#ALLOW (GROUND WATER .
OCHEMICAL MAP &t

LITHIUM

:

ppm TOTAL SOLIDS

o
5007
ppm |

e

Y

¢l
- 20 -]

- IBAHC ~CASSIA CO. ‘
7.5 MIUNUTE SERIES (TCPOGRAPHIC) - -

N

NN

ECHERRY CANYON QUADRANGLE

‘.

£
o

T e ;w4 D

-

)

<

I P



or

(RY CANYON QU

~iee
SCHER

CAssiA CO.

AHO -
E BERIE

1D

U7

OQRAPHIC) * .

(rep

I

1y,
(X1

M

i \Q“-‘.’ N

Ll e

)

66000 FEET

“ RESERVO!

78 pEEP

s < X

Cc,pom 100

=
-’

-

O

1

R

o
)
%

” vf

N

SR



T T ER A e e e . e

T B e o Sl e v e b e o Tt § et T B . - 0 KRSt - vara ¥ S . . rrT .3 g 3 e S -
. ST T T T T TR Y S WO SR TR 1 G S ST bR b e T $A A BT ST ST B Y R N WU T I I I SN LI AT TS

€ . S SRR A GRS T R i
F Y v ean Wv'&?. 5 TP T Pt I8 Mw
/.vu.... i IR ark? &7 ;.
,:.\(7 ..-\‘, s - .a.'.( AF .
FoE T EASI TR

i §oas 3 y .

/jm R
TV

(R
—..‘

L%
A,
Ad

-

-,
I

A

| z OlLlvY ©2/73=0l

T7NOILISOdWOD DINOI| N B 1Ak

T - dYIN Y3 LYMONNOYO g dNihniomen T
I Lavd N

By

:

N

1

v
J PN

\___/\/

1335 0oyl

W

(SIH4VUD040L) 3183 TAANIN SL
N 3HL 40 LHI3ryn1yvd3a O3 YISSYI-0OHYQL
T SILVLIS 0ILINA AIOHYVEIYND NOANYD AANIHDIMCHD

LAt ab

R s




INDICATOR) p

O it rieiman ALy H
L A L R
O‘f»‘w e B2 O

W Ol u.,«‘

ﬂ I {‘wfwi”

ORIC

‘ATER i
N‘, + HCO}

—
-
[

MET

\

¥

'—,-w*@m-

~e Y

<
-

P

LY

0O \"»v( -

e au SO e AN
n Ciad et :t
RS -

u.a:m.. N

N S

7_.s~,
LS /"‘ v)' A
o -

Tver &5

“¥7] Guariz Monzonite '

273 Conglomercis
[

P

L

5 "‘LE:’ZJ Quartzits .
R

- Mica
| Pyrite

D ey

“MICALL

e P UPPINEL L T SEURT £ TR VL WL

SA YA teaWoa
i 46 Vo &

o M.




;{’ ICEALIZED WATER CiSTRIBUTION IN A LARGE BAS!N
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RRGE-3

RODUCTION ZONES

RAFT RIVER WELLS P

1,400 - u,m\ |

| 650 - 1,850
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. (N Ao L‘l/\ I DULN Ui Ul AL Gl nm 1, { i
\ RCCK SANPLE DENSITY ("DENSITY | DENSIT POLOSITY| POROSIGY | AB !ITY
WELL TYPE DEPTH en/ce) | (em/cc) | (em/ce) (%) (%) E (MILLTDA
C— GrnoTuTt \
/// Siltstone {4506.5'(prod) | -- 1.88 2.62 28.8 28.8 | 5.00
- b Dk Gray - t
RRGE-1 —t— Mica sits l4s1e.0" - 2.20 2.67 7.6 14.3
‘ \\\ Pryilite |4687.0' -- 2.73 2.79 2.2 0.8
| ] )
|
’ Gray
Siltstone {3728.4" - 2.16 2.66 18.8 13.2 ‘
;/ Gray
/// Siltstone [4223.8' -- 2.07 2.65 22.2 15.0
‘Gray .
RRGE-2 — 1 Siitstone 14227.0'(cased) | 2.29 2,20 2.72 19.3 17.4 0.040
\\\\\ Cal Tuff
N Siltstone |4373.0'(prod) - 2.28 2.67 14.5 13.6
% Quartz 1
| Monzonite [6500.0" -- 2.57 2,€4 2.7 0.8 |
1 A o |
% // Grn Sand- (L) ‘ ‘ |
| stone-S1ts [3365.0' (cased) | -- 1.74 2.60 33,1 11.3 0.040
: Rs\’GE—B:
; Grn Tuff  [(U)
; . Siltstone [3365.0'(cased) | -- 1.53 2.48 38.3 34,7 3.400
i
/' Gry Silty
Shale 1994.0" (prod) -- 2,31 2,70 14.4 5.1 0.001
(fractured)
, . Gry Sist 5273.0'(prod) - 1.97 2,66 25.9 22.0 0.C
RRGE-3C —— (fractured)
\\\ Quart w/  [5550.5" -- 2.64 2.70 2.2 1.2
_ , Schist lam o o
S COREDN SAMPIE PLYSICAl DOADEDTILEC . ' »




Depth Below Land Surface Datum
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WELLBORE"TEMPERATURE CHANGES
- TER MUD CIRCULATION CEASES

RAFT RIVER GEOTHERMAL No.2
- CASSIA COUNTY, IDAHO
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LOGGING TIMES

b

2 HOURS

oo

T=T, = 441°F LOG (t/t + fcirc)‘
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