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HOT \-Ij\TSR FLON IN HAFT InVEH HESEHVOIrz 
:.1 

Harold L. Overtun 

llot mineralized water is rising along a major N-S fracture ncar the Crank 

i'l'ell in the Rtl.ft River Geothermal Reservoir. 'rhis water is clistinguished 

by high 'IDS an.d Li, and by high Cil in the intedor of the system. Thr~ 

water reacts with shallow meteoric witter S04 to form gypsum on the west 

extremity but flows down dip to the SE (where Ca remains high). The down 

dip flow may b(.! troced ~,i lh shallow temperature gradient:;, which are 

excessively high where hot watf;r flows laterally. viell logs show that the 

strong brines are abnormally shallow where Gt is highest, but are l1one,,"ll 

(deep) for the lower temperature gradients. 

The combinCJ.tion of brine concentrntion, shallow Gt, and depth of th-:! stron<j~!::;t 
," ';' / j '/" " "" '. " r C/ • • /"....... • I '1. • ~. .I " 'Y .. ~~ ...... ,..: /.! r 

br ines shows thut .... ·ell· No. 4 is closest to the/;heat-o<mTcc. t'l'ells 1., 3, 'and 

2 arc farther aHay (in order of increasing distance). \-1011 No. J is in the , 
path of shallow dO'.m dip moving waters, and its water production cau.ces 40 I 

, ...... ...,; .. ~ 
shClllo\v .... '.ller to be ch:a\vH j~i:" .. :."':! deep fractures; this CilU3esTDS and non- (,;:,,., _ 

~(~<J 

i/-' 
.L ....".~ .. reacti ve ions to increase wi.. th time, in the produced wat'2r. -;:""7/6 /. '(._ 

The geothermal water is characterized by Cl/Na of 2 and Ca/S04 gccat~r than 

2, \,hi1e the 1.::1 tecdl meteoric water flo\{ has 1. 7 Cl/Na ilnd near 1 Ca/SO.: . 

Both Li ':lIld Sr for the llot h'atcr arc about double ·that in the mixed '''aters. 

Doth pel:meability and teri1perature should be best along the N-S line of strong . 7 
brines. Injection wells should be drilled to the' v;est of this hCdt soure,,:. 

/ 

. . 
, . 

I" .: 
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GEOCHL:mO.L INDICNroHS FRO;! IlI';LL WATEa 

l~ft River, Idaho 

------------_.,----_._----------_._-------------------
lil.:LL 

2 3 Dr':,! C!:,111:<:' -'----'-----------·-.----------------·----'-----r---
Indicator 

ShC"11.1o''''/l1(~(;J '/Heccn t:. 
---~-~-_'. __ .,...:4. __ 1~t, Avg. Fi~st Avq -- -'---:.. 

.93, .9U .91, '~ r: 1.8/1.57/3.6 .75,1.0 2. 1 , 2.4 
" 1)::J 

48, 3" 293/ 78 /193 52, 55 12 .') , 130 
.) 

Cd, ppm 57, 54 recent 

75, 22.7 39, 61 154/ 6 /320 260, 275 41 7, 260 
" 

1. 23, .6 1.9/ 13 /.6 .2 , ,.2 . 3, .5 

f.lg .76, 2.3 

C1/NJ. 1. 5,1, 1. 71 1.7 LOG, 2.17 /1. 7,)/1. 84 1.57,2.07 l. 71 , 1.77 

804, 708 4210/710/2170 880,1139 19 00 I 1900 
Cl, 'ppm 61<1 I 7"76 

10.1, 12.9 15.2, 13 69 / 15.5/ 41 12.8, 21 31 • 7 , 35 

53, 54 61/ 50 / 53 69, 54 6 0, 54 
61, GO 

Cl/Ca 10.13, 111.3 16.8, 20 11. -1/9.9 /11.2 16.9,20.7 15 .2 , 14.6 , 

1852, 120 6602/1450/4130 1720, 1640 336 0,3720 

TDS 1715, 15GO 

---'------~------'------.--"~--------~-----------------------.---------------------
NOTE: 

1. 

2. 

, 
The Shallow No. 3 ,",'ater is most similar to the Crank water in alliUlportant: 
respocts 

The recent producec! water in No. 3 is more similnr to No. 3 shallow (3906 ft.) 
th<.ll1 it \<.'JS ilt int tial producti.on. 

3. 1\11 i'ndicator's exc";r,: those wit.h Ng sug~Jest that the recent No.3 water is 
twlf way between the original deep and Shdllolol waters (Le. 50% mixing). 

4. • The BUI \"'011 wate.!:" is ~;omewhat like tJo. 1 ,~\nd 2 \vaters, except for indicutors 
containing l-lg. 
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Raft River Sutsurface Wa~2r Char2ct2ristics 

Section T tOe Nail i C;;/,,0. - ~v4 
,.. / II .a ;',9 CUria .' Cz/S8 f 

4 
Cz/Ca TDS B Ca Re~i:rks 

23 abd . ,-' 29 405 1.2 ' 0 k 1 .6. 1 14.4 12.2 2820 .25 107 Sys. No. 1.1.,-, 

23 dec 15 8D:, i.5 5.3 1.87 3.0 2.0 -'<I:: .07 97 ~ .. 
Iv~ .... : l~. 

23 ddd ~Cl 4r.,", 2.0 ' 1 ' 1. 73 18.9 9.5 24S8 10 111 --' ·~'v •.• I · "-' 
'2~ bed 22 443 1.7 7.3 1. 7~ 10.8 6.2 l~~r 

· 12 1 (,3 "it; . ~ :',.iO 

2~ tCJ 24 ~3J 1.0 8. ; 1 "n 1 G. S 1 G. 6 2C:JG 2'" 61 Sir.f-s I .~ ...... 

• u 
24 cad 28 416 2.1 6.9 1.89 o ' 4.4 1403 ' . 126 -'. t • 11 
26 cab 24 451 .84 9.0 1 r:; ') 16.3 19.4 2496 "1 57 i • <oJ l- .t:. I 

27 dec 15 6·;6 o~ r:: ,.. 1.33 5.0 5.2 895 .05 59 ~1Jrginal 
.J;..) ..J.::> 

17 beb 10 7195 1. 70 6.2 1. 93 5.5 3.2 1535 · 1 (~ 167 S .:.l s.. i~ J. 2 
I 18 bee 22 607 3.40 4.1 2.74 11 .6 3.4 8JC 0' 9E; S y s. :'1 CJ. 2 • I I 13 C2.C 15 549 2.60 4.0 2.rt 1 9.6 3.7 11 97 0::' 124 S <: 1'1'"' ? " Y _. w .. "-

19 ccc 19 4'!n 1.7 6.5 1.25 9.9 t::: ~ 1856 .l? 110. vV '-' . I 
"""~ 

29 bee 10 6038 2 . 1 4.6 ., 1')'-

5.2 2.5 111 03 01 155 E1 i:n. ..). L J · , 
RRGE-l 141 320 .93 75 1 c; (1 

•• -' t 10.1 10.8 1715 .2 S7 
RRGE-2 147 361 .91 39 1.86 15.2 16.8 1852 .25 48 
W'!''- ... :ieep/ 140 " 10 \I\c,t-.J shallow 0/1 430/473 i .57/4.8 6.0/15,1 1.79/2.17 15.5/69 9.9/H.4 1450/6582 - 78/293 
C2ANK-23 93 4" t1 '1. 2. 1 417 1. 71 31.7 15.2 3360 .25 i25 Fl :':".·:i ng 
SU'1-23 400 .75 260 1. 57 12.8 16.9 1720 · 15 52 

.... -,. 

~~ 
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TABLE 11 

'l'1~fI('l; Cr:OCl!U1[CI\[' I NlHC1\TORS 

Haft River, Idaho 

HELL lU,GE No. 1 2 :3 BLM Cr.::tnk ----,---- ._-_._--
Indicator Shallow/Deep/Hccent 

Na/Li 307 344 393 430 

Li 1. 21 4. 1/1. 0/3.1 1.4 2.5 

Ca/Sr 34 34 27/ 60/ 29 41 46 

Sr 1. 56 1.03 11./1.3/G.7 1.35 2.8 
__ . _______ .A _______ L-_______ . _____ -'--___ .....L _____ . __ _ 

t\OT£::: 

1. l';d/Li r,ltio Ch~U1'JCS at most 17'6 from the mean vLllve of 371; thi!;; sub::.;urf:<.ce 
\'laLer d:J.ta compar.es with 1925 for t:hc surface water at RR. Well No.3 Li is 
,"ppro,lchiIlg slw.llo'''' No. 3 Li.· 

-. 
2. I.::,l/Sr Llti0 c:hd.IlYcs ilt most 55% trom the mean value of 39; thi,; comp,lre:', 

\·:ith ~;ul:[i1ce \VJ.ter l'aLio of 164. \'Iell t~o 3.~;:c is approaching ::.hilllovr ~lo.3 

Sr. 

Na m~l Li Ll::C simiLu and less sensitive to 'I' thiU1 Ca and Sr. 

I'rcsont Jeep waters in No. 3 arc a mixture of water similar to that at 4000 
feet in No. J which is in turn closest to Crank ohal1ow waters. 

1:>L.'1 waler is simiLlr Lo REGE No. 1 and 2 waters. 
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A InLlp on Li thium and al~;o Oil TDS (Figure 1) sliOl"'::; tho. t the mineralized water is 

rising nlong a N-S fracture botween 23 i.d)li and 26 (;,lb wells (which includes 

tho Crank w(!ll). RHGE i~1 tIo. 3 cannot bo direc.tly cQrnpared \o/ith these wells 

becD.usc it is deep, and salinity normally incrca,,~!s Hith depth wltil 200°1.-' is . '" 

exceeded. Since heat i~~ cdrrieu by moving water, a comparison of geotht!nnal 

gradients allows additional analysis in three dimensions. 

TADLE III 

GEOTl!F::<"~1:'\L DATA FOrt RAFT RIVER \·/ELLS 

.----
\fELL TEt'lP • DEPTH 'r Surface DATE Gt --.--of Feet/Bit of DaL~10/Yr °Lb it , 

NO. I 109 900/26 67 mud 1/9/75 4.7 (6.6?) 
252 .:G32/12 1;; 50 2/2/75 4.4 
2BG 5007/12~ 50 mean 4/6/75 4.7 

No. 2 212 42'\ 7/12l:t 50 5/12/75 3.8 
-. 284 6006/12\x 50 6/27/75 3.9 

No. 3 ISH 1110'*/17.5 50 3/30/76 7.7 
139 t.259/12~ 50 4/17/76 
295 5868/8'1 50 5/2/76 4.2 

No. 4 199 1900 7.B 
252 7.840 7.1 

• 
NOTE: \-Jell No. 3 has the highest Gt shallow; thi.s indicates that convective 

heat is present. Since water will not flow updip at these normal 
pressures, water must move downdip - SSE. 

The SP curves supply tbe follO'. ... ing data: 

TABLE IV 
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Table IV data from Sf> arc higher than from r.tcd::;ured data from bottom of tlw 'dell:" '. , 

in ']Cllel"iil. The ~trClng brines ilt shallow depth .in No.3 could be maintained 

against gravity f~ll by convection (d~c to a lateral hot water flow) • 
t~ote that 

, . 
'J 

the strong brines do not appe;J.r in wells Nql ilnd 2. Stron,] brines are rreasllred. 

at the :3Ur fuca in t.ht~ Crank i'lull and others <llong t.he inferred N-S fracture. 

Figure 2 shows that Calcium is high to the (' l~' 
.J L~ o f IUZGE No. land 2. Conversely 

'". , , 

Gypsum occurs in larsc amounts in cutt:ings in land 2 but not in No.3. t1cteoric 
.~. l' :~: .!,; 

,I, v • 

, .,,', 
f:,' 

water ,""ater bringing' S04- coming ill cont<lct with hot Ca++ waters wou.ld .precipitate ,', ;',: 

gypswn. Nonr.al flay,,' of l:it:tco.Lic \hiter would be SE or downdipi this water mixed 

and chul~\lcdlJ.y reactcJ \"ith t.hermal Welter is fuund in IU\GE No.1 and 2. II. ! 

, ", 't. 

"./ ' .. 

H2 ~Fls from geothermal \"dlcrs would i:ilso rCClcL with S04-- nC.:lr wells 1 and 2 to ',' 
-. 

[ur!l :;ulfid<:s . 'l'hi s v,'ould lower 112 in land 2 compared t:o No.3. Otber reactions 

are ShO'HT: in T~\bll.! V I \,11 Lch would Occur morc, lWclr HRGE 1 and 2 and form pormea.bility 

belrricrs to further mixing of meteoric and thermal waters. ",' 
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((,;()nt~lluc<l) 

Figure 3 }?resents (l <lif rerent vicw of the prc~c;('nce of Cnlcium. Hhercas 

Figure 2 shows Ca++ Jl'S it relates to Lhermi.Jl production of gypsum, Figure 3 

,.' I: 

, . '. 
"1,, 

shows that calcium also rCdcts in the thcrmnl zone where it does not combine ':', 

with sulfate readily (gypsum probably combines mainly at the edge of the 

Lhermal zone when: sulfur is in the fann of ;~ulfates rathE:r than sulfide~;). 

Although sulfate l~ approximately const~nt in all water analYGes, the sulfides 

revert to sulfates in thu water samples. 

Figure 3 inJic<1tcs that the BLi'! hot well is anOlTkllous in c;hloride n~ferenced 

to calciwn, but that Ca is high rel<1.tive Lo l'~g. This suggest.s a minor fracture 

Eystem intersecting the main N-S mineralized zone and trending NVI-SE. Calcium 

Jit;,\ppe\\t"!:~ ,,10119 thi!j minor. fracture dun to convorsion of meteoric ,<later 

C:urbon<l~es to calcite and subsequent ch,mgc to dolomite. Thi_s fO;lture repro-

scnt~; a barrier toward development of Haft River Field toward the Southwe5t. 

I, V!:l,TICl\L Vin'! OF I\l\F'l' HIVER FIELD 

FiSllre 'i is a vertic.}l C1:'OSS section of Raft River Field -'- incorporating water 

mineralization, heat movement and well geometry. 

Gcothe,nu 1 <Jradient~; an:! reliltively large in the shallow ::ones of f..RGE wells 

No. 1 and 3. 'I'hi.s feature indicates sh<.illow convection ilnd lateral fluid 

movement. Dat<1 from No.1 shallow -- 900 feet -- depths n~y be in cr~or due 

to 5ww"Tlertime heating of mud pits, but the an,::>malous shallow 9radicnt in No.3 

is unmis l.:tke.:tblc. Signi ficant amounts of shallo· ... hot water arc moving alonq 

a line {rom the nUl v .. ell toward RRGE No.3. This is mainly meteoric Hater, 

but bccoxcs mineralized when it crosses the major N-S fracture system in tl~ 
-' 

east part of'Scctions 23 Clnd 20. 
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Re~c~ic~: a~ G?Jt~cr~al Water In~erface - Raft River 

, 
13 H2 

2~2- + 3 Ca~"'SJ4 + 24 u+ . Ii 

+ s + 2 H 

-L~~ 

Fe'" + e 

+' , TT 
Fe + 2S-

3 
"4 °2 3 + "2 ~20 + 3e 
--- --.. -~- --

3 'I t ~'I --'\il2~ -v4 

f Ca ttc 12 -. 

3 Cil++ + 3 5°4 

3 ,.. ++ 
7)- " {\ + 3 (O I:r ) + 3 CO 
~ ? .. 

\! + .,-3 i i ,\ .j. 3 C x. 

->-

-;> 

-)0 

-)0 

-+ 

-)0 

-)0 

-)0 

-;> 

-)0 

.) 

• 

. 
? rH"7 . ')r,.., 
.... C.I T ,-0.;:: 

35 

!-l2 S 

c ++ .Ie 

+ 12 ,_. n 
, 2.) 

• FeSZ + 2e - , 

30:-1 

.~ 

~ \. ~. ... ":1 c:" 
b il~ '..J ...,1.14 

3 ++ ,-"Z Ca + 3 C l. 

3 Cil S04 

.~Cil (He03)? 
t. 

:ili.'~S_C~ __ U~Qt 

.1 

+ 3 C;;++ 

1«('til.1\1l111;J N.,+ pt'cll.;lhly. n~~tLI',"\l ~J(\(:, hy I!('OJ rl'c:n Fe (011):1 ;)lld COf. 

LJ ' ' '' D 1'''' ,pwarc-r~v1ng ECP ~a~er (0.0 v) 

S' .... l fur Reduction ( 1t. ,,\ 
• -. i , I 

'. 
R2~~ction ZO~~ G:s 

Red~cticn of Iro~s (-.77 v) 

Pyritization 

(probably from siderite or I ,..... , \ • 

Fe\~:":J2: 

Meteoric Water C2sce~t (-.4~ v) 

T"nr- I C:.,..he..J bv t:"r"'~~- \!'·"r .1 v I:) L c; \... "u .' I ~_~. ~ I 1 (. l. '-

-Ions from Risin~ DeeD Water 
• I 

.0YPS:.!.!i1 ForJ11t1tion Jt Intcrf.JcC? 

l1icarooniJtc FonrJt~on (1t IntcrfcJcc 

}.~'2.~:~ s i 129_._H~1_tfl:_ S-'l.i _'.ll.i.!.)i. 

~'; 
-~ 
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HHG£: vel1s No. 1 iUld 2 uhow tli.:1t th'~ filO:.;t densu br:ine exists neilr the base 

of :J~~dill1l!nLttry l()ck~ - thu nonu.:ll cirC:llIl1:;LdllcL! wherc<lS No. 
t 3 hils the heaviest 

• 
brine at <"(bout l~OO feet. Upflow of liILlll,'l:ill,j occurs between wells tio. 1 and 

c 
3, producinq these brines. This <11so i:.; inJiciltc:d by '1l2S gel!:>, which ir; Ule 

strong<.:st ill \vell Nu. J. The probdbl(~ n~':Ic:Li_on~j occurr.i.ll~1 at the intcG,c.cLions 

J0'\.F'1' HIV£P, GEOTIlEffi-li\j, lli:SI:;HVOIR AW,LY.SIS SU;,lMARY 

Strong brines rise along a N-S line nC<1r th(~ Crank well from the hQt b<1sement 

in Raft River Geothermal Field. 'I'his vertical flow is, flu5hed rJowndip tow.1rds 

RRGE No. 3 well by meteoric wCltors irvm the vJtJW, and is probably aided by a 

minor fr.:lctllrc system extending SE from the BIJ1 well. 

J\t the illterst:;ction of the westerly edge of the stt'ong brinos <1nd tho (;dsterly 

moving n;eteoric waters, deep Ca++ combines with S04-- to form ~T\lPs'J.m i'lnd 

perrrK~a..Lility lXHriL:c.>. To the b1st of lhi.:.; barrier, sulfates c1rc converted 

to sulfiJ,~s by hydro~lL'n from the deep wat:cr:.:;. 

Strong brines a1:0 found shallow east of the intersection of the bvo waters I , 
but are found deep -- in the nonnal circumstance ._- west of the intersection. 

It is suggested thilt. further dcveloprr,ent of the field be restricted to the major 

N-~; fr<.lctur,! ~;ystem cxi.!:;ting in the eastern parts of Sections 23 <1Dd 26. 

l-wximum tCIT.i,)cratures ilnd penneabilitics should occur there. 
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IDEALlZ~D 

Typ~ I 
Water 

Type 11. 

" 

WATER 

Meteoric 

5Q·C 

len i z e j 

e·-.... ·· 
'('~".':".,'.' 'I:::: 

" 

DiSTRIBUTION 

j! 0 t ,'" .! '''0 

IN f" LARGE SA S! N 

PC~,js 8 Sprln;s 

..... h u;J I" ICOO ppm 

EX:;-'C:1;~ Cc!~mnt Gro',;'y Cc .. ~;nCf:i 

/;o·CI- Comc::I::n Res!r:cll 

LotHel f,./;,.emenl Type ill . . .... J '0<' ._ 
~:".:~' Brjne~' u;' t'~ 200.0~O ppm", 

. .':' ,100- ') v"":" NO,Ca HrO - .. C·~ 
f\ ~.::. I" 3 -" 

• , ..... 'I ~ • 

..•. " -.' Reduc!d Warers 

<00_ 
Co e03 PrecipilaHS Q1 HCC

3
- O~ c r. 

• " • . C I!1C r. . ',",.", c"+ + 
•••• : •• Id" ':." w _ 

De cr. 
Nc'" CI-

-~ ...---
Reocllon 
Chemistry 
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