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. ABSTRACT

Tea Dsocovold posthormsal £icld, loeated in southwestern Utsh, has been the focus of
3 hish loval of cseivity by both private imdustry and the acedemic community. Phile
Apo Potrolern Compowmy g deilled sovem and Thermal Power Company two, of nine ox-

s to dopths romging botuween 370 amd 2300 moters imto a late Tertiary
ocmitis imoous ec—mplon vhich imtreded Precambrian (7) mstamorphic rocks. The resor-
. vedr io ecafimed ¢o Srostuses within ¢he granitic and motemorphic rocks. The nature
ST ef i3 rocorvedsr 40 cesh thot all oslls deilled ere wildeats.

..... o osthoroal £i0l4 Mes along the oot 5ide of the cofitral liinsral Range. Young
Fayeldts ¢e=o0, wAth accesioted flowd, ploree the laote Tortiary gremitic complex a faw
I0emsbor0 40 ¢y coot amd couth of tho producing wolls. The heat at. Roosewolt is
m@b&ym&@@cﬁ by the poremt oogea for the rhyolite domss.
wroted crploration progrom conmbiming geology, gecchomistry and gece

mmmmmmmmmzmwmcmumummﬂoum. The re=

T2 40 o wotor dexdnnged gosthormal oyoten with a mardmm temporsture in excess of

o o uotor 40 0 cofidnn chlorido woter with salindty locs than 8000 mg/l. Recent
cstivition dmsimdo ¢2o formaticn of ¢the Roozowolt Hot Springs Unit, applications to
oppregFAOso wator SiEn s otote, tha ostoblichreomt of a grounduater monitoring system
in ¥ vallcy, cnd proporation for cdditional recervoir tosting. -

I7FEOTUCEICN
- , Ths Recoovalt goothormal £40ld 48 oitusted in the western foot-

Ui pails 62 tho DAnoral Romge dn eostorn Beover County, Uteh, nasr the
§ /)—» coctorn ¢ of ¢ho Baoinm and Ronge physiogrophic province (Fig. 1).
- T8

!ﬁaﬁommzoramw cprings 40 about 12 mlles northeast
A4 ‘of ¢ cibt,y ofmzmﬂM%Qbm 18 milos northwout of Be&‘. the
Fresymy pracest imvootigntions aro ypdor st 8 by Lee
[0 tc*.*;'-' u«;@:ﬁ faedorg? (1970) amd Mowor and Cordova (1974). Barll (1957)
e ) ontlexfenily mpmed povticas-of thoe Minoral Ronge. Gondis (1960) ine
Z Teobinnted ¢ potrercmoois of ¢ho [Minordl Ronge Fluton. Recenmtly,
P 1 Potoroca (A974) fesuccd ottomticn on tho geology end goothermal po-
Tych Tndex temidnd, of tho Regocovold Hot Sprimap cred. In 1975 the Undversity of
tiap MWWMM@WWWMMWWMMW
FORSFs, teo mrzopsus to by momtiemcd hore.
Fhdidps Pobrolcoun Corpamy®s omploration activities in Utah began
i 1090 1972 cxd o chwsmolezical lioting of tho astivitisco.ot- -Reooovolt-ars given in
! oo L. Ao chern, omy omploroticn cusvoys woro camploted in the 1-1/2 yoars pre=
X ectdey the Rescowll MEN lsoge cale. An cvaluotion of theos curveys led to the con=
dlirodsa ¢hot 1o Rescowold areo ohowed cuscpiional promise. Tho leoase cale in July
1 AG7k, ©rs o LTy KERN g wp for bid 4m thoe ctobe. Tho orizinnl oight ssotions in
/ % ma M:ﬂlwm to 35.5 ggmwm es o rooult of tho ccm;migive mmetf.fshom ir1;n
: b B8ESEpNAtivo ceronge f4limg poried. 02 twolve ¢ s offered
| o My eddo, Fixddldes esgvdrcd mind tposts tovoling 18,870 acres at a cost of
B Tr$3,C80, "To lesciiss of tho traets, the cusecooful bidder, cost of each tract, and
850 B Q850 050 Cheim dm Fige 2. Aftor tho 1saces iosued in Octobor 1974, explora-
tden cobivity cmm to éxilldmz tho asquirod aspoage. During 1975 six exploratory
’ Aol 4ooko wore 65ilicd. Tho dioscvery well (3=1), the second
/ 1 ofd, €7Al1od, 6o dm of ¢ko ond of Agril. Dur’ 01076, offorts focused toward fur-
/ ? M@g %@ Bﬂrm@@é@a @ic’ o @%@h@m&l oyoten ¢ .1 PABOVOIT toots and a variety of
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‘Ehs Reoesvolt geothermal £401d 43 located at the junction botween Escalante Valley,

0 mlwmmm Rangs, a horst block paralleling the
valleyisfl&nloadontheweatbyahorat_mm- -

8 north-couth trendimg grobon
eaot eido of the valley (Fig. 3).
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* The greben 18 filled wvith upwards of 5,000
fest of poorly ecnoolidated eedimnte, volcanica and alluvium resting on more dense

The vallsy £i11 is thickest immediately northeast of Milford.

mm&mmmWyWMMeutotmmam Topogra= -

pry is rugged, wvith

otecop Slopes md high relief.

The central Minersl

rfhdch-is.pecogniged-as-Utah®s largest pluton. The -

grandto hes imtruded amd motemorpiiosed Palezoic sedixentary rocks now cropping out
cleng the couthooot cdge of the Rengas. To the west, granite intruded Precambrian

eehicts end grolsces (Fige. 4).
1%0 foraing tho grand

imzuded o coguones of
mﬂhendof%ew
ﬂmngfm«wmﬁemmm[

o 1957).

The granite-mstamorphic rock contact is gradational
wvith o zens about m.m vide conoisting of metemorphic inclusions within the gran-
te-motemorphic rock comtact (Barll, 1957).
it 45 in maawmi contact with a grencdiorite intrusive which in turn
mcambﬁm and_lowor Paleozcic sedimentary rocks at the

North of Rocsevelt

Lote Cenozoic acidic ash flow tuffs and lava

valleys cut in the granite

and partly cap portions

of tho gremite in tho eomtral Hingral Range. These volcanics appsar to be younger
tham the b@oﬂwmga Londting whﬂ.ch extmmed and pormitted dissection of the granite

plwen. Ago dotos of £00,000 yoars ¢o 0.8 m.y. are reported by W. P. Nash (1976) for
m %mmtainj haa boon ddontified as one of perhaps several volca-

tho volcmﬂwo
spolying the tuffs and lovas (Borll, 1957).

Other possible scurces are Nort.h

and South Bin Fiot Mountadn and a cmall eilicecus stock in Section 31, T265, RSH.

i
i
[

The Roosswolt Hot Springs KCRA
choving the location of 12 tracts offors=

The southern third of the range is
eempozed of folded amd foulted Palieozoic and Hesozoic sediments end Tertiary volcanic
poslss thich have boom imteuded: by[mm acidic ignecus stocks.

Bonae hos o _grenitis eontral eors.

b
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. Poltdmg i3 ubiowitous throughout
%@c& memwmtmm
2ovale &Mh&?@&@w
Sleonf imlurnso en ths
Teso are tha Brmo Fowlg, otmtﬁmm
threr o ecsiior of tho RERA, cmd the
cack=os otwildns Hogro Hag Wach fowlt.
o %ﬂm&ﬂ m@lmt ;-:"eg::‘m has
Becn @dcsucoed clocurore by Berge b
ado (1976) cmd Lcmmow cbe Qo (1%’6)
tmé ealy ¢2o Fooulto of teImerdture gre-
@il cvrvoys AL B soponted horee Inm
cdddtden, ¢ho Unfvoroity of Utch imwoe-
Siopbiny tocn 1cd by DP. Uand hove gub-
Uchkod oomy repozis on the Reoscowelt
orod, vhdsh odll met B2 dlocuseed. m

teoporcture groddom oop (Fig. 5) ds
--Baced €@ 0 tetl of thirtymns holos
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fren Pokoscon (3975 md Veolon (Undvor-
oﬂ@y of Utth, poroend ecommmieotiou).
of roddomt helcs vory £rom 60 to
) o (200 to 2,000 £). Crcdicmts in
Eﬁvoh@lwim@m mofthathemal
.Mozmcdw% - The emgmaly
mhﬂm&hmthachmga
mzmmmmﬁ,mmmm

~ ora ¢hird of tho apenly. Tho moFthe
T 3o Cosleds (10 6f Usriieorn DosQlomds somth toceo of tho Doo Powdd ecmbors

o [IeRUGINd afior Rokorocay 107kg ea ¢ mezly, amd thy eact=act Il
Heoo, 2957 ok, 39575 [Hmdoz, 1593 fl Uach gy, 45 eodmsideont, Ath zmm
cozo of ¢ho chomp in tFomd. Al o
mmm@dz@;mmmmmwﬁl@m.

ol Vit mzmm.?). Csmezmm volls Caecumborcd o 220, FOOCUTCEes.
S s (588 O M)WW@QMWQQMMIR pounds por

- b 62 ceso (e o3 s maee%efwm. (3=1), comast bo produccd duo to

Ao G Tt OF () Sy L. Bray (eadtts oaion o Eotozorphlo
mﬁy@g%omuammfm(moé)o @Qcamgm?ﬁggt
@ ME ":\_...._..._)E 7Y 0&2; €& Ixawmg (ﬁ@mm Emvgﬁ a20e8
M md govileo lenddng lesad hira offestivo pomedabil-
%y%%om/ﬁ!@or@w mmmmﬁmmammm
300 o covortdl Pisuoozd £oot dm Pldelmano=Li0 eop Oppamcmtly forzod by peeeipdtoted

ofden coollims ¢ A0sBurcs mmmw,@ﬁm_@g dsta..ove. oomnidorod wAldeate - - -

ofmes ¢ €omTses CeT R 050 SRostuso oyobomo theco  Gitdtrdos aro poorly lmowm ond
ago ged wellokcd ¢ oy Acullow 14kelety 6@ formsticn. Uoimg ¢ho elacoifiection
62 ado cxf Ay )mmmmmmmmamcwm
cpo, lsw coldsdty, Uewld deAniicd ¢msde recorvedr woter 4o elasoifiod
c@m@m& 6090 %o €300 /1 ToDoSo (ablo 3). Thoco wotors
cesdn ceenilenly s mmoo@%gmmg &, ?oﬁpm,anﬂaamﬁtymm-
@mwmm 00 Tard [o=E=0n
Suoefodd ))Emmc%ﬂé!cﬂ%%@ mmmmmsw
cxd 2R, ﬂmwomm olowy wwm cusrL0eo woter diccharging noar the
( 20 QUTFeSEOTH (m@m 16/%) boteson the calow
bempereures meacurcd 4n tho wolls,
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for the ocme purpeses 03 wnidbdisotion in
ol cwd grs arploration, and thot is
tho officisnt cmd economic dsvelopmant
) ' of tho rescurce. A unit accompliches
o oo ;\ A this by oliminating loase limsp, ollow=
ing tho £10ld ¢to ba dovoloped im the

3 r oot pvdent numors offost situstions

mﬂ % aro thoroby avoeldded.

‘ o Recoowclt Hot Springs Unit is
tho fisct approved Podorol geothermal
it in tho Unitcd Stotes. Tho undt
ared 15 chewm in Fige 7. The forme=
ticn of cny undt can be an extremaly
imvelved procoss, ond the Roosowalt

-~ Undt, boing the firct of its !dnd, teok
woll over 4 yeor to write cmd to re-
esive £ind epproval. The Pedoral geo=
thorzl wdd apecaont, waich stotes
the roguloticns rogazding unit opore-
tiom, vas dordved from the bagic Peds
omggmdgaamitmt. if

copo thom eze party holds lamd in the
arza ¢o b wmitiscd, as 43 ¢the casect
Lozacralt, o Un't Opercting Agrecmont
actting foruh tho oporating eexdivicms
mg;mdmwmdiffem

o fost thot the psothormal ressr
vodr ot Reosovold i3 comtainsd in fyac-
tuson and tho diotributien of firacturcs
. s bto highly orratie led to the adop-
Piz. L. CGeologic linp of the Reosoveldd Hotb ticn of a divided dypd wmit on a dract
EpFings ared. mmﬁcdammgm, 197k. Boois. Undor this oOystcm, costs and

profusticn aro opporticncd to cach par=
wmmwmamummmmMummmm@m, czd on=
tremeo dnto a portisigoting arcs 45 gaim:d-by deillimy-a produstiecn woll. Iach woll
&A2104 A ercdited Ath o eortadn czsmmd of coroqyp thish, 4f ¢ho woll 48 a produser,
45 ¢thon inslvded wAdhdn ¢ho pardieipibing apcas Dry heleo do nst coumd cnd aoroage
erefited ¢o thon 1o mst dmslvded im o partisipating arca.

’33‘% o ‘ purpese of forming & geothormol unit is
-f\

o
L 213 grow 0.0, CIVACEIN

Cyosyens dooiring to
prebicn omd thot 4o ¢ho
hoids ¢rus ovom 42 2o roocurse to bo dovoloped 45 on Fedoral lands, for in the state
of Tich, 011 exbors within the ctato aro public proporty. Tho basis for gramting a
wtor Fidght 4a Uioh 4o ¢hot ¢he wotor chall bo gt to bemoficinl wose Fhilldps has
tatcn otops to oppropFicto tho moeocoosy woter by oubmitting oppliections to the State
Caddmaer. mmmww&mm s pEOLocto wore £ilcd, ond 2 pub=-

dovelop g

. 2 hoaring boforo thoe St Baginser was hold in Beavor, Utch, in Aprdl 1976 to cone

oddor m egpuﬁmum Top o &m,o Znzdncor ¢0 opprove any opplicotion, the fol-
rorndsreaomto oot Bo mvs (1) Thoro 4o wnopproprinte woter in tho proposed
2 propescd uso wAll nop dmparo ardoiing Fighto, oF imtorfero with more
mmmtmofmm (3) Tho proposed plon 46 phynically and oconcmically
LETABET 543 TERSRGYE HrovrRSeRAr TRl o tho public wolfaro. (&) Tho applicant hes
tho Simsmedad abdldty ¢o ccmploto ¢k propsocd woriw and tho applicotion has been
£43s8 i 204%h cnd mov foF guEpoces of oposuloticn oF moropoly. At ¢he hoaring
opeeific tostinomy 0 gEocont $0 meot oash of these opoeific roquiremonts.
momwwmmnmmmmemozmmmwmm in
o Vm, ildgs hao dndedoted o meaitoring oyotom in Docalamdo Valley 4n consul=-

L S -

b mm&m&s fLased-with-the-oomg -~ -
4an of wotor nocoooary to run the powor plamt. Thimr:- - %t
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A mmen a L

tation with the USGS Water Resources Di-
vicion. At presemt, the system includes
oix ctock wolls, the Rooscvelt seep,
four water observation wells specifical-
1y drillcd by Phillips for monitoring
purpeses, and ons stretigraphic test
holo medified to act a8 a water obser-
vatien uoll (m- 8)0 The Phulipﬁ“

walls ars lecatzd bstueen the geother-
mal wslls and the existing water users
podnts of divorsicnm and ponstrate the
8c3 reservolr utilized by the ranchers
and farmors in the valley. The well
oitea wore located far from existing ir-
—~gigobion wolls to mimmiza or eliminate
tho offcect that prosent pumping in the
irFigation district might have on the
wotor table at the mondtoring sites.

ha system is an carly warning cys-
tem designed to dstect any offect that
testing or production would have on ex-
icting vster users scurcs of supply.
A¢ddtional monitoring points will be
eddcd to the oystem as nscessary.

ETPLORATION '

et e

Pi_g. 5, Feroporature gredients in the Roose- Most mrecently, emplorstion activity
area, Contour Imterval is at Roosswelt has consisted of drilling
w’c Inclndes dota fran Potersem, 1975 eeveral 2000 foot observation holes or
and Uholon, 1976, poreencd co=umicoticon)e  deep temporsture gradient holes. These
have been drilled to test certain ideas
conceorning the Reosevelt geothermal sys—
tem. This intermediate depth drilling
St«ep has proven extremely valuable in
~ovaluating other prospects.

The chief benefit of drilling a 2000
foot observation hole is the large quan~
tity of information obtained for a rel-
abively low cost. Our average drilling
cost 13 less than $50,000, vhich 1s81/10
that of drilling an exploration well to

o e

mﬁﬁ'nwmml

Fig. 6. mm‘%tmm‘"eecucn o 6000 - faet o - Information- generated by - -

drilling these holes includes the fol=-

throagh Bsll Co. -1 ' ‘ lowings temperature gradients, strati-
’ graphy, hydrology, alteration, drilling
prohlers end otructure. These holes are particularly useful in minimizing the risk in

pleldng tize proper spot to drill an emploration wsll. Such & hole might be drilled if

%thMWWWWWcm&WRteMwMofwm
wotors boloy dopths reached by challow tempsrature gradient holes.

progren at Roosevelt 4s a multipurpose program designed (1) to gain
to dsterins tho production capabilities of each well drilled, and (3)
Fecterize ma reservoir. Teoting has been limited to short term flow tests of
mma@a&m’atMmmM&ﬂsnmmom longeot test was a 3.5day flow of
Yol 54=3. Uith tests of such short duration, we have not reached all our objectives.
e have grined invalucble erporisncoe end eonfidence in operating equipment and in in-

dnn tho roouito oand o hove been cuccessful in determining each well®s capabil- -

itics. T oyotemo have beem uced for teoting. The initial testing at Well 54~3 used
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Table 2. Exploratory Goothorwal Hells & Strotigrephic
Tost Holos, Rocsovolt HGRA Utah.

- loihien gparstor tald Btotse Domh

69 ¥ Soc. 10, 7.27S., R.5¥. Paillips Pctrolcun Co. O.H. 2 A”bmm . 22500
) 1975
. 8E UBE 8s¢. 17, 7.278., R.M. Phillips Potrolowm Co. Q.. 1 Tngstm -—
OB &4 Sce. 9, 7.273., DG4, ’ Phillips Potrolcun Co. Roosovolt 1dls 6385°¢
. RORA G-l Dry Hole
SY B Sce. 3, T-278., R.9¥. Phillips Potrolcum Co. m%t 1dls 27240
S4B 8¢c. 3, T.278., R.4. Phillips Fotroleua Co. am’robt; Idle 2882+’
13 139 Soe. 357 o268+, B.SW. — ~ Phdlldps Potrolewn Co.  Boocovelt 1dle | —
RGRA 12-35
& Iy Scce 10, T278., B.SH, Phillips Potroleus Co. Roosovolt 1dle o
KGRA 13-10
OB QB Ssc. 33, 7.268., R.GH.- Faillips Potrolcus Co. Reesowvolt 1dle —
, mORA G2=33 Disposal
&4 I Soc. 2, 7.278., B.SH. Thoreal Pocor=latomas m State Idls 6108¢
34 89 8ce. 13, .7-278., BN Phillips Potrolews Co. gléumwll.;. 1dle —
) 23, .
f® !B Seo. 16, 7.278., R.9¥. Thereal Poons Utah Stote Tosting 1254°
Katomac<0?Brien 72-16
I 3 8zc. 33, T.268., B.94. Faillips Potroleun Co. O.He & wm —
8B MR So¢. 28, T.268., R.5¥. Fhillips Potroleus Co. OeH. § Drilling ——
) ! , SteataToot

for tocting. Tho indtial testing at -
Uell 54=3 used a separator to scparate
20 ligquid and vapor phages so they could
each be meesurcd separately. The sep-
arator has a capacity of 1 million
pounds psr hour of total mass flow
. apd it proved to bes inadoquate to han=
. dle the maximum wall flow. At the
other production wolls, flow has bsen
meosured using Russell James (1966)
wsthoed of stoam=wmteor moasurement em=
ploying an orifice plate and a 1lip
' critical pressure measuring dovica. .
| The limdting factor on the dura-

e sal of the produced liquids. At pres-
ent the reserve pits adjacant to the
wells are used to contain the test

o finids. During the 3.5 day flow test
of Yell 54=3, the liquids produced

pom § wore discharged into the natural
gystem. It was an experiment
o dsoigned to meagure the effect that

) S - reservoir fluids would have on the na-

_ Mot tive vegetation, and was allowed to
g A LA O .t © proceed bocause the shallow groundwa-
N I T tor in the area is similar in quality
m , to the rogervoir fluids. The dis=-
&

e charge pipe was buried beneath rip-
Dwm rap in the center of a large wash.
o After the test gullying was noted be=
D ' low the ocutlet pipe for several 100
. feet downstream. A second resuit was
Fig. .7. Roosevelt Hot Springs Unit Area. tho desth of trees immediately adje~
: cent to the channel, but not all

P cur e

"¢ _tion of the_flow tests.is the dispo=-—----- ~* - e -
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trees were effected. A recent field
, check indicates that dead trees are
TARLE 3. Suniper trees, but healthy pine trees
are found next to dead junipers. A
: detailed study of the effsct which
SOLECTED WITER ANAYEZS o RODTIVAT KERA this test has had on the environment
‘ , has not yst boen meds, amd wikil it
i3, it is unlilely that any further
SO0 | SDR surface disposal will be psrmitied.
=or In oxder to acquire nsecded reser-
voir dasta; there is in preparation a
--plen -for-a-long term flow test. The
propesal calls for flow-testing Well
54=3 for a sustainsd period of up to
gix months to dotermine roservoir size
and production characteristics.
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The fluids produced at Well 54=3 will
ba piped through a _cemtrifugal steam/
vater soparator at the wall site vhere
the steem portion will bs vented in
the pit through an existing muffler.
It will ba nocessary %0 construct ap-
proximately l.4 miles of 10" pipe to
comnact Yell 54~3 to Well 82-33 (Fig.
7). Yell 82-=33 will function as an

: injection wall during the reservoir

3y : tests. The liquid portion from Well
1 5L=3 will bs piped to Hell 82-33 using
4G230)2q me  the produced pressure for injection
into the well.
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NTIS Ccﬂfnvan
The Roosevelt geothenmal fleld 1ocated in southwestern Utah, has been the focus of

a high level of activity by both private industry and the academic commnity. Phil-
1lips Petroleum Company has drilled seven and Thermal Power Company two, -of nine ex-
‘ploratlon wells to depths ranging between 370 and 2300 meters into a late Tertlaxy
granitic-igneous complex which intruded Precambrian (?) metamorphic rocks. The reser-
voir is confined to fractures within the granitic and metamorphic rocks.  The nature
of the reservoir is such that all wells drilled are wildcats.

‘The geothermal field lies along the west side. of the central Mineral Range. Young :
rhyolite domes, with associated flows, pierce the late Tertiary granitic complex a few
Kilometers to the east and south of the producing wells. The heat at Roosevelt is o
‘probably supplied by the parent magma for the rhyolite domes.

Phillips'. integrated exploration program combining geology, geochemistry and geo—-
physics culminated in the drilling of the discovery well in April of 1975. The re-
source is a water dominated geothermal system with a maximum temperature in excess of -
265°C. The water is a sodium chloride water with salinity less than 8000 mg/l. Recent
activities include the formation of the Roosevelt Hot Springs Unit, applications to
apprOprlate water from the state, the establishment of a groundwater monltorlng system
in the valley, ana preparatlon for additional reservoir testing.

3

INTRODUGTION
The Roosevelt geothermal field is situated in the western foot-
QX§;“PHAH hills of the Mineral Range in eastern Beaver County, Utah, near the
j:fuqfﬂ» eastern edge of the Basin and Range physiographic province (Fig. 1). o
T ‘The field named for a now dry-hot springs is about 12 miles northeast ’

;f&f f .| of the city of Milford and about 18 miles northwest of Beaver, the
Rroosevelr prospect|  county seat.  Among previous investigations are water studles by lee
S v (1908§, Mundorff (1970) and Mower and Cc.-dova (1974). .Earll (1957)
A o geologically mapped portions of the Mineral Range. Condie (1960) in-
&1 vestigated the petrogenesis of the Mineral Range Pluton. Recently,
Petersen (1974) focused attention on the geology and geothermal po-

Utiiginéex tential of the Roosevelt Hot Springs area. In 1975 the University of -~
" Map Utah researchers launched an in—depth program and have publlshed many .

reports, too rumerous to be mentioned here.

: _ Phillips Petroleum Company's exploration activities in Utah began
in late 1972 and a chronological listing of the activities at Roosevelt are given in
Table 1. As shown, many exploration surveys were completed in the 1-1/2 years pre—

~ceding the Rdosevelt KGRA lease sale. An evaluation of these surveys led to the con-
clusion that the Roosevelt area showed exoeptional promise. The lease sale in July‘
1974, was the first KGRA put up for bid in the state. The original eight sections in
the KGRA had grown to 36.5 sections as a result of the competitive interest shown in
the Jamary 1971 noncompetitive acreage filing period. Of twelve. tracts offered in
the July sale, Phillips acquired nine tracts totaling 18,871 acres at a cost of" ’
$798,860. The location of the tracts, the successful b1dderl,cost of each tractr and
cost per acre are shown in Fig. 2. After the leases issued in October 1974, explora-
tion activity shifted to drilling the acquired acreage. During 1975 six exploratory
wells and two stratigraphic tests were drilled. The discovery well (3-1), the second -
.well drilled, came in at the end, of April. During 1976, efforts focused toward fur-
\\Lherlng the knowledge of the geothermal system’ through resev01r tests and a varlety of
/eophys1ca1 and geochemical surveys. : _ _ ,
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Fig. 2. The Roosevelt Hot Springs KGRA
showing the location of 12 tracts offer-
ed at the July 1974 lease sale.

GEOLOGY

The Roosevelt geothermal field is located at the junction between Escalante Valley,
a north-south trending graben, and the Mineral Range, a horst block paralleling the
east side of the valley (Fig. 3). The valley is flanked on the west by a horst form—
ing a number of smaller mountain ranges. The graben is filled with upwards of 5,000
feet of poorly consolidated sediments, volcanics and alluvium resting on more dense
consolidated rocks. The valley fill is thickest immediately northeast of Milford.

"“The Mineral Range is about thirty miles long and six to ten miles wide. Topogra—
phy is rugged, with steep slopes and high relief. The southern third of the range is
composed of folded and faulted Paleozoic and Mesozoic sediments and Tertiary volcanic
rocks. which have beén intruded by small acidic igneous stocks. The central Mineral
Range has a granitic central core which is recognized as Utah's largest pluton. The
‘granite has intruded and metamorphosed Palezoic sedimentary rocks now cropping out
along the southeast edge of the Range. To the west, granite intruded Precambrian
schists and gneisses (Fig. 4). The granite-metamorphic rock contact is gradational
with a zone about one-mile wide consisting of metamorphic 1nc1u51ons within the gran-
ite forming the gran1te~metamorph1c rock contact (Earll, 1957). North of Roosevelt
Springs, granite is in gradational contact with a granodiorite intrusive which in turn
"intruded a sequence of upper Precambrian and lower Paleozoic sedimentary rocks at the
north end of the range (Liese, 1957). Late Cenozoic acidic ash flow tuffs and lava
flows partly fill older erosional valleys cut in the granite and partly cap portions
of the granite in the central Mineral Range. These volcanics appear to be younger
than the basin-range faulting which exhumed and permitted dissection of the granite
pluton. Age dates of 400,000 years to 0.8 m.y. are reported by W. P. Nash (1976) for
the volcanics.. Bearskin Mountain has been identified as one of perhaps several volca-
noes supplying the tuffs and lavas (Earll, 1957). Other possible sources are North
‘knd South Twin Flat Mountaln and a small. siliceous stock in Sectionm 31, T268S, RBW



Faultlng is ublqultous throughout
: the area. Several faults within the

Roosevelt KGRA apparently have a signi-

ficant influence on the hydrology. .

These are the Dome Fault, striking NNE
e ~— L. ¥ through the center of the KGRA, and the

S ;;{:/ ‘ . east-west striking Negro Mag Wash fault.
= : - : The Phillips exploration program has
been discussed elsewhere by Berge et.
al. (1976) and lenzer et. al. (1976)
and only the results of temperature gra-
- dient surveys will be repeated here. In
, gu 3. e addition, the University of Utah inves—
: '\ ‘ it TZs  tigating team led by Dr. Ward have pub-
o T TN e ' lished many reports on the Roosevelt
' | area, which will not be discussed. The
temperature gradient map (Fig. 5) is
based on a total of thirty—nine holes
and combines Philli results with data
from Petersen (1975§5and Whelan (Univer—
sity of Utah, personal communication).
Depths.of gradient holes vary from 60 to
610 m (200 to 2,000 ft). Gradients in
five holes in the center of the thermal
anomaly exceed 40°C/100m. The anomaly
. is elongate north-south with a change
: ‘ ~.'in trend to the northwest in the north-
T ern third of the anomaly. The north-
Fig. 3. Geologic Map of Northern Escalante  gsouth trace of the Dome Fault centers
- Valley. Modified after Petersen, 1974: on the anomaly, and the east-west Negro
Llese, 1957; Earll, 1957; Hlntze, 1963. - Mag Wash fault is coincident with the -

: zone of the change in trend. All ex~
ploratlon wells presently drllled fall in areas having gradients exceeding 30°C/100 M.
. Drilling activity to date totals nine geothermal wells and four stratigraphic test
. holes (Table 2 and Fig. 7). Seven of the nine wells encountered geothermal resources.

Two wells (54-3 & 72-16) are reported to be capable of producing 1 x 106 pounds per
hour or more total mass flow. One of the seven, (3—1), cannot be produced due to
safety considerations.

The rocks encountered in drilling beneath the thin veneer of alluvium, are either

igneous intrusive rocks of the Tertiary Mineral Range granitic complex or metamorphic
rocks of the Precambrian Wildhorse Canyon series (Fig. 6). These rocks have almost
- no intergramular porosity or permeability. The geothermal reservoir is associated
"with interconnected fracture zones and faults lending local high effective permeabll—
* ity to the crystalline rocks. The reservoir is confined beneath a cap varying from

300 to several thousand feet in thickness—the cap apparently formed by precipitated
silica sealing the fractures. All the wells drilled to date are considered wildcats
- since the targets sought are fracture systems whose attitudes are poorly known and
are not related to any particular lithology or formation. Using the classification
of White and Williams (1975), the geothermal resource is 1dent1f1ed as a high temper-
ature, low salinity, liquid dominated type. Geothermal reservoir water is classified
 as sodium chloride water-containing 6000 to 8000 mg/1 T.D.S. (Table 3).: These waters

" contain anomalously high amounts of Si, Na, K, C1, F, B, Li, NH, and sallnlty rela-

. tive to other basin waters. The Na-K-Ca emperlcal geothermometer of Fournier and

‘Truesdell (1973) has been applled to the reservoir water from geothermal wells 5.-3
and 3-1, Roosevelt Hot Springs water, and present surface water discharging mear the
old hot springs (Table 3§ There is close agreement (within 10%) between the calcu-
»lated reserv01r temperatures and the reservoir temperatures measured in the wells.
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: ROOSEVELT HOT SPRINGS UNIT AGREB%ENT

Efforts to unltlze the Roosevelt Hot Sprlngs reserv01r have been succe=sful “The -



purpose. of forming a geothermal unit is

for the same purposes as unitization in
oil and gas exploration, and that is
the efficient and economic development

N of the resource. A unit accomplishes

» : this by eliminating lease lines, allow-
o N o Te— ing the field to be developed in the
T N bwé t most prudent manner; offset situations
. 32 3 ‘¢ ‘g%% ’ D 30 : are thereby avoided. '
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The Roosevelt Hot Springs Unit is
o | wEoRO fuag wasir] WK T | the first approved Federal geothermal
S H unit in the United States. The unit’

| | area is shown in Fig. 7. The forma- -
+  tion of any unit can be an extremely
involved process, and the Roosevelt
Unit, being the first of its kind, took
well over a year to write and to re-
ceive final approval. The Federal geo-
thermal unit agreement, which states
the regulations regarding unit opera-
tion, was derived from the basic Fed-
eral oil and gas unit agreement. If
more than one party holds land in the

1 area to be unitized, as is the case at
30 : ‘29 s Q= .‘lRoosevelt, a Unit Operating Agreement

P j @5 » setting forth the operating conditions
‘‘‘‘‘ sminh a must be agreed upon by the different
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A hot apring depotit m,m,,m , ~_The fact that the geothemal reser-
- voir at Roosevelt is contained in frac-

[ ] voeeme oo voow e aperemsen tures and the distribution of fractures

'_ - ' _ , . can be highly erratic led to the adop-

Fig. 4. Geologic Map of the Roosevelt Hot tion of a divided type unit on a tract

Springs area. Modified after Petersen, 197,. basis. Under this system, costs and
o . _ production are apportioned to each par-
ty based on the amount of their acreage included within a participating area, and en-
trance into a participating area is gained by drilling a production well. Each well -
drilled is credited with a certain amount of acreage which, if the well is a producer,
is then ‘included within the participating area. Dry holes do not count and acreage
credited to them is not included in a participating area.

' WATER APPROPRIATION -PROCEEDING

- Everyone desiring to develop geothermal resources in Utah is faced with the same
problem and that is the appropriation of watér necessary to run the power plant. This
nolds true even if the resource to be developed is on Federal lands, for in the state
of Utah, all waters within the state.are public property. The basis for granting . a
water right in Utah is that the water shall be put to beneficial use: Phillips has
taken steps to appropriate the necessary water by submitting applications to the State
Engineer.. The notices of application were published, protests were filed, and a pub~’
lic hearing before the State Engineer was held in Beaver, Utah, in April 1976 to con-
sider the applications. For the State Engineer to approve any application, the fol-
lowing requirements must be met: (1) There is unappropriate water in the proposed
source. (2) The proposed use will not impare existing rights, or interfere with more
peneficial use of the water. (3) The proposed plan is physically and economically
feasible and would not prove detrimental to the public welfare. (4) The applicant has
the financial ability to complete the proposed works and the application has been
filed in good faith and not for purposes of speculation or monopoly. At the hearing
specific testimony was present to meet: each of these specific requirements. -

- As a result of the geothermal discovery and the- concern of existing water users in
the Valley, Phillips has initiated a monitoring system in Escalante Valley in consul- -



tation with the USGS Water Resources Di-
vision. ‘At present, the system includes
six stock wells, the Roosevelt seep,
four water observation wells specifical-
ly drilled by Phillips for monitoring
purposes, and one stratigraphic test
hole modified to act as a water obser-
vation well (Fig. 8). The Phillips'
wells are located between the geother-
mal wells and the existing water users
points of diversion and penetrate the
same reservoir utilized by the ranchers -
and farmers in the valley. - The well '
sites were located far from existing ir-
rigation wells to minimize or eliminate
the effect that present pumping in the
irrigation district might have on the
water table at the monitoring sites.

The system is an early warning sys-—
tem designed to detect any effect that
testing or production would have on ex-
isting water users source of supply.
Additional monitoring points will ‘be
added to the system as necessary.
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EXPLORATION. AGTIVITY

o

Fig. 5. Temperature gradients in the Roose- Most recently, exploration activity

velt Hot Springs area. Contour Interval is at Roosevelt has consisted of drilling

10°C/100m (Includes data from Petersen, 1975 several 2000 foot observation holes or

and Whelan, 1976 personal communlcatlon) deep temperature gradient holes.. These

: have been drilled to test certain ideas

- ' concerning the Roosevelt geothermal sys-
3 iH tem. This intermediate depth drilling

- step has proven extremely valuable in

evaluating other prospects. :

The chief benefit of drilling a 2000
foot observation hole is the large quan-
tity of information obtained for a rel-
atively low cost. Our average drilling
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o '-:ngy cost is less than $50,000, which is1/10 .
G ' that of drilling an exploration well to
. "~ 6000 feet. Information generated by
‘.Flg. 6. Generalized Structurg section drilling these holes includes the fol—
 through Well No. 9-1. A : lowing: temperature gradients, strati-

- graphy, hydrology, alteration, drilling
problems and structure. These holes are particularly useful in'minimizing the risk in
picking the proper spot to drill an exploration well. Such a hole might be drilledif
it were suspected that the thermal anomaly might be caused by lateral movement of warm

waters below depths reached by shallow temperature gradient holes. -

~ENGINEERING

: The engineering program at Roosevelt is a multlpurpose program- de51gned (1) to gain
" experience, (2) to determine the production capabilities of each well drilled, and (3)
. to characterize the reservoir. Testing has been limited to short term flow tests of
" about two days duration on the production wells. The longest test was a 3.5day flow of
“Well 54-3. With tests of such short duration, we have not reached all our objectives.
- We have gained invaluable experience and confidence in operating equipment and in in~
: terpretlng the results and we nave been successful in determining each well's capabil-
1t1es. Two systems have been used for testlng The 1n1t1a1 testlng at Well 5L—3used



Location . Operator Well Statue Depth
SW NW Sec. 10, T.27S., R.9W. Phillips Petroleun Co. 0.H. 2 . Abandoned 22500
: 1975
. SE NE Sec. 17, T.27S., R.9N. Phillips Petroleum Co. © OeH. 1 I1dle-Strat —_
o o Test .o
. NE MW Sec. 9, T.27S5., R.9W. Phillips Petroleum Co. Roosevelt Idle - 6885
: _ KGRA 9-1 Dry Hole '
SW NE Sec. 3, T.27S., R.9W. Phillips Petroleum Co. Roosevelt Idle T2t
: ' KGRA 3-1
SW NE Sec. 3, T.27S.; R.9W. Phillips Petroleum Co. Roosevelt Idle 2882
. , KGRA ‘513
NW NW Sec. 35, T.26S., R.9W. Phillips Petroleum Co. Roosevelt Idle —_
. : KGRA 12-35 :
SW NW Sec. 10, T.275., R.9W. Phillips Petroleum Co. Roosevelt Idle —
‘ : KGRA 13-10 _
NE NE Sec. 33, T.26S., R.9W. Phillips Petroleum Co. " Roosevelt Idle —_—
‘ . - B KGRA 82-33 ,Dlsposal :
" SW NW Sec. 2, T.27S., R.9W. Thermal Power-Natomas Utah State Idle 6108
A ‘ , ‘ U~2 :
NW SW Sec. 15, T-27S., R.MW. Phillips Petroleum Co. Roosevelt Idle —_—
. HSU 25-15 :
NE NE Sec. 16, T.275., R.9W. Thermal Power- Utah State Testing 1254
' . Natomas-Q'Brien 72-16 "
NE ‘Nd Sec. 33, T.206S., R.G9W. Phillips Petroleum Co. O.H. L Idle-Strat ——
: a Test
SE NE Sec. 28, T.265., R.9W. Phillips Petroleum Co.’ C.H. § Drilling —_—
) ' . Strat-Test
R 9 W for testing. The initial testing at
o=t~} ,;;;;1 Well 54-3 used a separator to separate
n Vo N liquid and vapor phases so they could
' each be measured separately. 'The se
! Cparately. 1- P
- SV arator has a capacity of 1 million
[l
S | <§b§§§ e ! pounds per hour of total mass flow
! rJ§§§§§§f I * o1 3 and it proved to be inadequate to han-
SN dle the maximum well flow. At the
e N .
‘Angb\ﬁig“ se-33qt other production wells, flow has been
:,mu;f‘iw- rRRnE S measured using Russell James (1966)
o . method of steam—water measurement em-
! e ﬁ&ix\\ ploying an orifice plate and a lip
1. \ critical pressure measuring device.
1 N PHILLIPS P o . 1ng :
1 R The limiting factor on the dura-
L — L P3 L v i
A M 7 PriLcies r tion of the flow tests is the dispo~ .
1 s JUE P L oL . sal of the produced liquids. At pres--
:§f£%§§ e ! ent the reserve pits adjacent to the
27+ ——— T P - wells are used to contain the test
S ! W] 17 ; w 1 fluids. During the 3.5 day flow test
Q§§§:§ : P of Well 54~3, the liquids produced
F\ X o — | were discharged into the natural
i , ! drainage system. It was an experiment
R n S L designed to measure the effect that ,
! ! reservoir fluids would have on the na- '
o
]
1
1

‘Tablg 2.

Test Holes, Roosevelt KGRA Utah.

Exploratory Geothermal Wells & SLratigraphié o

;51”'[
D’[Dtuu

Fig. 7. Roosevelt Hot Springs Unit Area.

23

|

tive vegetation, and was allowed to
proceed because ‘the shallow groundwa-

" ter-in the area is similar in . quality -

to the reservoir fluids. The dis-
charge pipe was buried beneath rip-
rap in the center of a large wash.

After the test gullying was noted be-

low the outlet pipe for several 100
feet downstream. A second result was
the death of trees immediately adja-
cent to the channel, but not all
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TABLE 3.

SELECTED WATER ANALYSES of ROOSEVELT KGRA
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OEXPLORATION WELLS
) w(C28 1G4 -
©STOCK WELLS -

APPCO WATER O2SERVATION WELLS

OMODIFIED STRAT TEST

Fig. 8. Water Observation Well System in
~ the area of the Roosevelt Hot Springs Unit.

~

.

" injection well during the reservoir

trees were effected..
check indicates that dead trees are

juniper trees, but healthy pine trees

are found next to dead junipers. - A
detailed study of the effect which

this test has had on the environment
has not yet been made, and until it

‘is, it is unlikely that any further

surface disposal will be permitted.
In order to acquire needed reser—

voir data, there is in preparation a

plan for a long term flow test. The

-proposal calls for flow-testing Well
5L4-3 for a sustained period of up to

six months to determine reservoir size
and production characterlstlcs.

The fluids produced at Well 54-3 will
be piped through a centrifugal steam/
water separator at the well site where:
the steam portion will be vented in
the pit through an existing muffler.
It will be necessary to construct ap-
proximately 1.4 miles of 10" pipe to
connect Well 54-3 to Well 82-33 (Fig.
Well 82-33 will function as an -

tests. - The liquid portion from Well
5L4-3 will be piped to Well 82-33 using
the produced pressure for injection
into the well.
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: UNITED STATES : : |
DEPARTMENT OF THE INTERIOR ) B

GEOLOG]CALSURVEY

Geologlc Division
Branch of Experimental Geochemistry and Mineralogy
345 Middlefield Road, Menlo Park, California 94025

March 21, 1977 -

Jake Rudisill _
. Thermal Power Co. .

601 california Street .

San Francisco, CA 94108

Dear Jake,

Here are the chemlcal analyses of the Utah State 14—2_well fluids.
The tritium, deuterium, HyS, and SO4 sulfur isotopes and SO, oxygen'
isotopes will be a few months more. The small cyclone separator worked .
well - only 1-2 ppm Cl in the steam condensate and a liquid-vapor 184
fractionation 0of '2.5°/4, Vs. 2.6°/,, from experiments. Earlier collections
with a Targe separator. showed - steam in the water and water in the steam.
The soecial port for the célorimeter collected. a fluid with § 185 = -13.5
indicatiang fhat 1t contained almost all water (& 189 = - =13.27, -13.46) and
littls steam (8180 = -=~15.82, =-15.87). '

It appears now that Emanuel Mazor and John Bowman. w111 come along for
the collection on March 30. We will drive  down from SLC on the 29th
‘and cénnect our separator before you open up on the 30th. If we can- E
sample upstream and downstream of your orlflce plate we would like-to
do so. This would allow us to make an independent estimate of the- total
f£luid enthalpy. For this we would need valdes on both sampling points
with %" (or some other agreed upon size)'female'NPT<connectidnsf

© Keep me informed:of your plans' as they develop.

Best wishes,

ALFRED H. TRUESDELL - . -~ - . 7 "
Enclosure . -

cc: Stan. Ward



.U S. Geological Survey, Water Resourccs Division

.- " Source:- Thermal Power Company Wéu
~ ROT-76- 18 Roosevelt Utah
- Location: -

Point of coll Water separate after

2 1/2 hours, 374°F. o
' Collet.tipn 14°C

| WHP _lll_psii Tempa
. Date of coll.:_Novemher 1976

Collected by: _A. Truesdell

;Analy'st: . Barnes' group

Date completed: _ 3/77

- Checked by:

Field Filter: :None.
:© Lab Filter: 0.1 um. :
- 1:10 silica field dilution
F denotes field determination.

“Dissolved solids:
Calculated (mg/.1) -
Residue (180°C) (mg/1)

Hardness as CaCO, (mg/1) -
N.C. Hardness as CaCQ,( mg/ 1)

Qualxty of Water Branch, Menlo Park, Cahforma S R
ANALYTICAL STATEMENT = . !
I-Bb No. _GT293AT76 e U o }

- mg/] S o ome/1.o mg/1 . me/1 i

N Si02 640_, L ‘ e e _,v, _Hcoa - A s = .- - ,?
A T )
Fe .~ . OH _

<. As __ 3.0 .. S0, _18
- - © €17 -3650 g

F 5.2 g

" Br- - ;

Ca - __ 9.2 . No,
Mg . 0.6 _- ' NOy
- Se. - PO, i
. Ba - . o B __..29 {
© Na 2150 - - S - g
'K 390

Li {
NH, ‘ _

. Cation totals: : Anion _totals: i
‘Specific conductance (micromhos at 25°C) 9900 b
Fpu.i_.ﬁ__(ueneﬁ Density at 20°C. (g/ml) _ 3
Sulfides as H S( mg/ 1) ;
(Unpuhlhhcd rccords. subject to revulon. Copled E ;

from original record. )

" % GPO 6%0-240




¢ - ‘Date of coll. :

U.S. Geological Survey, Water Resources Division |
_Quality of Water Branch, Menlo Park, California

- ANALYTICAL STATEMENT -

S Lnb No. GT295A’I‘76

.;_séu;ce Utah State We_ll #14-2

ROT-76-20 -
- Location: . Roosevelt, Utah .

% SCC . ,Ti , » R.

 Point of coll: . Water separate. s

Collection ; =

- WHP 177 psia _; Temp, 9°C

November, 1976

" Collected by: A. Truesdell

* Analyst: _Barnes group

o Date complé‘tcd: 3/77. - -

Checked by:

Field Filter: None ..
Acid: HC1, HNO3.
1:10. 5111ca field dllution.

F denotes field determinmation.

Cmg/1 ome/l i mg/1

. sio, _820 L "~ HCO,
AL : ST | co,’
Fe . C . OH
Mn ' o - T '
As . 2.2 - 50, __60_
’ P . el _3650
F 4.8
s S
Cﬂ- 6.9 . - . NOI
‘Mg . _.__0.08 . ‘No3
CSel _ PO, -
Ba B __28 _
_"Na 2200 L 5 -
K _410 - : _ .
A 5 S = -
'NH — : PR : o
Camm_m_tals. e . Anio

Labh Filter: 0.1 um.-
Dissolved sollds :
Calculated (rrg/l) _
Residue (180°C) (mg/ 1) A
ardness as CaCO3 (mg/1) s
" N.C. Hardness as CaCO (mgfl)_-—-—

Specxﬁc conductance (micromhos at 25°C) __10, 000

FpH 6.2 (paper): pensity at 26°C (g/ml)

Sulﬁdea as H S( '“R/I) i

(Unpubllahed recordn, subjec. to reviswn. Copled
- from original record ) : :

# GPO 6030




- US. Gedlogxcal Survey, Water Resources’ Div;sxon C
Quality of Water Branch, Menlo Park, Cahforma

Source: Utah State Well #14 2

ANALYTICAL STATEMENT
- Lab. No GI296AT76

ng/inl‘

<V < -IS Q7

. mE/.I-j ’ :

' ~ROT-76-21 - . . - mg/1 » me/1 .~
Location: Roosevelt, Utah ' o T
% Sec. : ,T. _,R. 8i0,.. _ <1 = HCO3
) . :‘  : AI: . C03
Point of coll: Steam condensate - . Fe o od .
- | L “Ma o - :
Collection As .. _<0.01 so, __3 :
— , Temp.______9°C ' a2
Date of coll.;_November, 1976 ' F <0.1
Collectéd by: _A. Truesdell Br.
e ' _ 1
: - ‘ Ca 6.6 “NO,
' . Analyst: Barnes group ‘Mg <0.05 - NOy 7
Date completed: -3/77 _ St PO, . _
Checked by: __ : Ba . B 0.55 - -
Field Filter: None. Na <0.5 | ‘ '
Acid: HC1, HNO3 , . K <0.1
‘Lab Filter: 0.1 pm. "Li '
F denotes field determination. ~NH . - _
Cnm;n_m_mls. Anion tggis
Dissolved solids: , * Specific conductance (mncromhos at 25°C) 185
Calculated (mg/1) pH(LL.E'_.(D_s.P_S‘.L') Density at.20°C (g/ml)
Residue (180°C) (mg/1) Sulfides as 1,S(mg/ 1) :
Hardness as CVaCOJ'( mg/1) - (Unpublished rccords, subject to revnsnon Copxcd
N.C. Hardness as CaCO,('mg/ D . from ongmal record ) : : L
o ST . g #r GPO 690-240

[RPERS HURR—

- o



) U S Geologzca! Survey, Watcr Resources vaxsxon :
Quality of Water Branch, Menlo Park, Cahforma
~ ANALYTICAL STATEMENT -
"~ Lab.-No. GT294AT76

mg/1 ;ne/l.;"._“-", om0

VSAou_r:ce Thermal Power Company Well -
ROT-76 19 Roosevelt, Utah

4 "
Cation totals:’

'me./1‘~

—.Locauon . . L . B IR
Y% Sec.____. T . ",R. ‘ 810 <1 Y === HCO i
. o ) - AL .+ €O,
Point of coll: - Steam condensate.’ Fe - : . . OH .
o he A ' © Ma T
Collection As - ___0.02 - S0, _2
, Temp. 15°C _ cr _1
" Date of coll. ___Nmmb_g_;,__l};lﬁ_______ F <0.1
Gollectcd by: _.A.._Iluesdﬂ.l.l_______ Br _
. ) 1.
o o Ca 52 NO,
Analyst: __Barnes group. ‘Mg __<0.05 NO,
Date completed: 3/77 S ST ' . PO, o
Checked by:____ a Ba. : . - B 0.6 .
Field Filter None. Acid: HC1, HNO3. Na < ' '
“Lab Filter: 0.1 um. C K <0.1
F denotes field determination. Li <
' : - : NH'

Amon totals:

- Dissolved solids: .

Calcix[atcd (mg/1)
" Residue (180°C) (mg/1)

;o Hardness as CaCO; ( mg/1)

. 3 i - )
N. C. Hardness as CaCO,( mg/ 1)

“ Specific conductance (micromhos at 25°C) 220.

F pH4.9 _(paper); Density at 20°C. (g/ml)

Sulfides as H 2S¢ mg/ 1)

(Unpublished records, subject ¢ to revision, Copled L

from original n:cotd )

© % GPO 6%.810

s

b
.
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The Application of Soil Geochemistry to Exploration for Concealed

" WAIERSITY OF UTAM
J | | RESEARCH INSTITLTE
SUMMARY S ‘ EARTH SCIZNCE LAB.

Geothermal Fields: Roosevelt Springs, Utah

Under the terms of the cooperative agreement, a two phase sampling
program was undertaken over the Roosevelt Springs geothermal area.
The purpose of the first phase was to test. the practical application
of surface-microlayer geochemistry as avlow-éost exploration method
for detecting blind gebthermal reservoirs by carrying out both

conventional soil and surface-microlayer sampling at sites along

‘traverses across the geothermal area. Multi-element analysis of the

two sets of samples confirmed that surface-microlayer material was an

" effective medium for detection of mobile elements associated with the

hydrothermal activity. Mercury, antimony, cesium and arsenic proved
to be particularly‘advantageoﬁs for use in the surface'micrdlayer

when compared to conventional soil samples.

The earth's surface is covered by a microlayer of particulate
materials that is composed of a mixture of organic and inorganic
constituents. This surface microlayer‘teflécts the geochemistry of
the underlyiﬁg soils, and when collected in the appropriate size
fraction, can provide high quality and definitive geochemical

information. The surface microlayer on exposed soils has a fairly

obvious connection with the geochemistry of the parent soil material;

however, it has also been discovered that particulate material
occurring on the surface of vegetation and having an entirely

biological origin also exhibits a chemicalicomposition that is

closely related to the geochemistry of the undeflying soils.

Furthermore, the surface particulate material is in comtact with the
atmosphere and is therefore exposed to oxidation, radiation,
weathering, evaporation, photochemical reactions, and microbiological
phenomena that are unmique to the atmospheric interface. This surface
activity provides a means of immobilizing‘mobile components that rise
as -gases and solutions from underlying mineralization and hydro-

carbon accumulations. In particular, the process of evaporation
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'SUMMARY

Under the terms of the cooperative agreement, a two phase sampling
program was undertaken over the Roosevelt Springs geothermal area.
The purpose of the first phase was to test the practical application
of surface-microlayer geochemistry as a low-cost exploration method
for detecting blind geothermal reservoirs by carrying out both
conventional soil and surface-microlayer sampling at sites along
traverses across the geothermal area. Multi-element analysis of the
two sets of samples confirmed that surface-microlayer material was an

" effective medium for detection of mobile elements associated with the
hydrothermal acti?ity. Mercury, antimony, cesium and arsenic proved
to be particularly advantageous for use in the surface.mibrolayer

when compared to conventional soil samples.

The earth's surface is covered by a microlayer of particulate
materials that is composed of a mixture of organic and inorganic
constituents. This surface microlayer reflects the geochemistry of
the underlyiﬁg soils, and when collected in the appropriate size
fraction, can provide high quality and definitive geochemical
information. . The surface microlayer on exposed soils has a fairly
obvious connection with the geochemistry of the parent soil material;
however, it has alsb been discovered that particulate material
occurring on the surface of vegetation and having an entirely
biological origin also exhibits a chemical composition that is
closely related to the geochemistry of the underlying soils.
Furthermore, the surface particulate material is in contact with the
atmosphere and is therefore exposed to oxidation, radiation,
weathering, évaporétion, photochemical reactions, and microbiological
phenomena that are unique to the atmospheric interface. This surface
activity provides a means of immobilizing mobile components that rise
as ‘gases and solutions from underlying mineralization and hydro-

carbon accumulations. In particular, the process of evaporation



results in the formation of a residue or coating of mineral and
organic salts on particles exposed at the surface that can enhance
the geochemical patterns related to microseepages from mineral

deposits, geothermal areas and hydrocarbon reservoirs.

SURTRACER equipment for sampling the surface microlayer is
manufactured by Barringer Resources in both airborne and ground
versions. The airborne equipment utilizes a helicopter with a
specially designed sampling probe for continuous sampling of the
surface particulates at flight speeds varying between 25 and 50 miles
per hour. For ground surveys, a portable backpack version of the
SURTRACER system, consisting of a lightweight vacuum device driven
by a chain-saw motor, provides a convenient means of collecting the

surface microlayer. By use of this technique, surface particulate

. samples are collected into plastic vials over pre-determined

intervals. Sufficient material is collected to allow for a variety
of analytical methods to be used. Where adequate roads are.
available, the backpack unit can be mounted on a four-wheel drive

vehicle for spot sampling at regular intervals.

Following on the encouraging results from the orientation survey, a
more extensive second phase of surface microlayer sampling was
undertaken over an area of 100 square miles surrounding Roosevelt
Springs. All samples were analyzed for 34 elements using a variety
of methods including induction-coupled plasma emission, ion
chromatography and atomic absorption. Contour mapping of the survey
data has confirmed the importance of cesium and antimony in defining
the leakage zones associated with faulting in the geothermal area.
Factor analysis of the data set has considerably enhanced the

geochemical interpretation of the surface microlayer.

For further inﬁs;mation contact: Dr. W.T. Meyer
Vice President
Geochemistry
Barringer Resources Inc.
1626 Cole Blvd, Suite 120
Golden, Colorado 80401



PHILLIPS PETROLEUM COMPANY

DEL MAR, CALIFORNIA 92014
BOX 752 714 755-0131

' A‘RZQ NATURAL RESOURCES GROUP

) Energy Minerals Division
MT ‘Geothermal Operations

Reos N B | Jahuary 2, 1976

- Le-1-76G0

Mr. Reid T. Stone

U. 5. G. S.

Conservation Division

Area Geothermal Supervisor
345 Middlefield Road

Mail Stop 36

Menlo Park, CA 94025

Dear Mr. Stone: = | o Roor® J»'}M

A recheck of our Proposed|Plan of QOperation/dated De-
cember 29, 1975, has disclosed a number of drafting
errors. Two wells, 13-14 and 48-27, are incorrectly
located on Exhibit A. The correct locations are shown
on the attached sheets, On Exhibit B-4, the Proposed
Drill Site Layout Roosevelt KGRA 87-28, the letter y

-nr A:) . . o e e, e 4 v P N_ ' ' b o .
o ‘?’viﬁ oo L AU AL S B0 2 T S
.'-';';,' ) : ’ l - ¢

should be omitted from the second word in the descrlptlon

of the northwest trendlng access road.
PleaSe call us if additional corrections are necessary.
. Sincerely,

[edoed L Rommn

Richard C. Lenzer

Geologist
RCL: jm
Enclosures
UNIVERSITY OF UTAH
RESEARGH INSTITUTE
EARTH SCIENCE LAB.

\H Y 18/0 .
AREA GEOTHERHAL SUPERVISOR'S OFFICE
CUNSERVATION DIVISION
' U.S. CENLDIICAL SURVLY
VENLO PARK, CALIFURNIA
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" DEL MAR, CALIFORNIA 92014 : , L R ey,
BOX 752 714 755.0131 . o AREA GEOTHE N

EREAL SUPERYIAR: '
CONSERVAT I o 19OR'S GFFioe

‘ : ' 10 Drvig
NATURAL RESOURCES GROUP: US GEOLOGICAL SUR/iN
Energy Minerals Division, : ’ MENLO PARK, CALY Y

‘Gootherma! Operations

FORiNIA

December 30, 1975
Be~232-75G0

Mr. Reid T. Stone
U. S. G. S.

Conservation Division
Area Geothermal Supervisor
. 315 Middlefield Road
Mail Stop 36 :
Menlo Park, CA 9,025

Dear Mr. Stone:

Transmitted herewith is our proposed Plan of Operation covering the drill-
ing of the next sixteen exploratory wells on the Roosevelt KGRA, Utah. Also
enclosed are Applications for Permit to Drill the first three of the six—
.teen wells, namely, Nos. 46~10, 25-15, and 58-3. The purpose of these wells
is to define the extent of the reservoir and determine if it is capable of
commercial production. All of these sixteen locations will probably not be
utilized. They are submitted to allow diligent exploration and anticipate
possible future sites instead of submlttlng further - operatlng plans during
the exploration phase. .

The Plan and APD's describe state-of-art technology; moreover, our personnel
have acquired considerable expertise now in drilling exploration for the
geothermal resource. We are confident that we can explore the Roosevelt
field in a manner consistent with maximum resource conservation, diligent
exploration, and multiple land-use policy. -

_ Please call on us if addltlonal documentation will serve to expedite the
proposals.

Slncerely yours,

=

C. W. Berge, Manager |
Geothermal Operations’
3
Enclosures



* PROPOSED PLAN OF ‘OPEPATIOIVS)A@L# Uips fetrrbom G

UNETEB-SPATES GROTHERMAL LEASES A Reoseoe® KGRA, Beemer Co

‘ Utatn
}—27384,/273/85,' 27386, 27387, - LD
o ) . ber T
27388, 27389, 27390, 27392, 27393 & A
| - 3307,

December 29, 1975



PROPOSED PLAN OF OPERA‘T.I'ONSI, ROOSEVELT KGRA, UTAH

In accordance. with 30 CFR 270.34, the Phillips Petroleum Company submits the follow1ng

proposed plan of operatlon as required,

Attached map "Exhibit A", shows topography of the leased land and‘éurrounding.lands,‘

drainage patterns, present road and tract locations, proposedArdad and tract locations,

 and prbposed:well locations.,

This map was prepared from the followihg maferials:

‘1. The topography and drainage patferns are located on four 7-4 minute USGS topo-
graphic quadrahgie maps (Minersville 2 NE, Black Rock 3 SE, Black Rock 3 S,
ﬁanch.Canyon) at a écéle of 1:24,000. .

2; :Lease tracts were plbtted from BLM MT'Plats.

3. Present roads and tralls not originally included on the topographic maps

_ were 1dent1f1ed from aerial photographs flown for the Unlver51ty of Utah on

October 10, 1974 by Olympus Aerial Surveys Inc., Salt Lake City, Utah 84115.

The following exploration plan is proposed by the Phillips Petroleum Company on lezsed

Public Domain land within the Roosevelt KGRA,

I. Phillips proposes to perform the following exploratioh operations:

1. Exploratory Drilling -Phillips proposes to drill up to sixteen exploratory wells

at locations shown on Exhibit "A" to test for geothermal resources production on



.....

-2

leased land., As of December l 1975, five wells (9-1, 3- l, 5&—3, l2~35, 13 lO)
have been drllled on.-'the leased lands at locatlons shown on Exhibit "A" Well
9-1 was dry; wells 54-3, 3-1 and 13-10 appear capable of commercial production;
and wé11r12_35, while not a dry hole; may not be capable of commercial production.

We are presently drilling well 82-33.

The ‘sixteen well proposal is designed to test reservoir size by means of limited

IT1.

step outs in sequence from completed wells capable of commercial production; With

such a plan, the drilling of one or more dry holes in the sequence would result in
a temporary éuspension.ofrdrilling operations and-a reevaluation of the_drilling
program. Should prospectSvof success diminish below a level acceptable to the

Phillips Petroleum Company, the remaining wells would hot‘be»drilled. It is

Amutually understood that our request'for permission to drill these qixteen'ex—

ploratory wells does not constitute a firm obligation on the part of the Phillips

Petroleum Company to actually drill same.

Drilling will be oonducted'in early 1976, conditional on obtaining the followihg
(1) Approval by ﬁhe Area Geothermal Suoervisor of the plan of operation and the
opplioétioné for peroit to drill, (2) approval by ﬁhe State of Utah Water En-
gineer, (3) construction or improvement‘as necessary of acoéss;roads, lateral
roads, and drlll site locatlons, and (h) drilling equlpment and auxiliary equip-—

ment and serv1ces.

Drilling Proposal:
1. Phillips proposes to drill up.to sixteen Y6000 foot exploration wells at the

locations shown on Exhibit "An, ‘Placement of the equipment at each location is
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shown on plats attached as Exhibits "B-1" through "B-16m,
2, Well locations given iﬁ feet and direction from the nearest section or‘tract

lines are listed below by lease number.

Lease No. U—2738h'

Well Number Exhibit Number

Well Mh-27 B * Section 27, T26S, R9W, SIM. 2519.34' S aleng

section line and 2012.61' E at right angles
to said line from NV corner of section 27.

Well 48-27 .- . B-b Section 27, T26S, R9W, SIM. -2137.36' E alcng
- section line and 205.59' N at right angles to
said line from the SW corner of section 27.

 Well 22-28 . B-1, . Section 28, T26S, R9W, SIM. 1147.92' E 2lcng
: : : " section line and 741.18' S at right angles to
said line from the NW corner of section 22,

Well 5,28 B5 ‘Section 28, T26S, R9W, SIM., 2269.85' W zlong

. ' ' ' section line and 2155.93' S at right angles to
gaid line from the NE corner of section 23,

Well 84,-28 = B10 Section 28, T26S, ROW, SLM. 2163.56' S alerg

. . O

section line and 14%8.96' W at right argles ©
said line from the NE corner of section <2.

.Lease No, U42738h-‘

Well 87-28 ) B-L, Section 28, T26S, RYW, SIM. 1252,,7t I alorg

section line and 150.19' W at right angless %o
said line from the SE corner of section 28.
Lease No. U-27386
Well 4,2-33 - B-12 Section 33, T268, R9W, SLM: 2076.25* K along .

section line and 1309.04' S at right angies to
 said line from the NW corner of section 33. .



Well Number

Lease No. U—27386_.

'Exhibit Mumber

Well 58-3

Well 82-)

Well 57-8

Well 46-10

Well 83-10

Wdl5520

Well 13-14

B-1 - ‘Section‘3, T27S, R9W, SIM. 26L46.L4' W along
o ' section line and 197.91' N at right angles to.
‘said line from the SE corner of section 3.

B-13 " Section L, T27S, R9W, SIM.  1146.60' S along

" section line and 266.09' W at right angles to
- said line from the NE corner of section 4.

Lease No. U—27388

B-15 Section 8, T275, B9W, SIM. 2910.33''E alons
. section l;ne and 915.L44' N at right angles to
said line from the SW corner of section 8.

Leése No, U-27389

B-2 ' Section 10, T27S, R9Y, SLM. _1710,05' N along .
- section line and 2553.40" E at right anglec 1>
+ said line from the SW corner of section 10.

B-7 " section 10, T275, ROW, SLM., 1854.95' S alonz

section line and 369.90* W at right angles %o
_said line from the NE corner of section 10.

Lease No. U—27390 :

B-16 - Section 20, T27S, R9W, SLM, 2822,23' S along
U ' section llnb and_2303 L7' W at right angles to
said line from the NE corner of section 20.

Lease No. U-27392

B-8 Section 14, T27S wa, SIM. 1944.02* S along
section line and 60.31' E at right angles to
said line from the NW corner.of section 14. .
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Lease No. U-27392

Well Number = Exhibit Number

Wéll.25—15 '  B-3- - Section 15, T27s, R, SIM. 2719.06' S along
' : o " .section line and 1094.26' E at right angles to
~said line from the NW corner of section 15.

Well 31-15 B-9. Section 15, T27S, R9W, SLM. 1525,68' E along
o : section line and A470.17' S at right angles to

~said line from NW corner of section 15.
'3. Well sequencé. Anticipated well sequencé if all wells are successfully com-

pleted as producers is as follows:

1.) 58-3  Lease U-27386

2.; 4,6-10 Lease U-27389
3.) 25-15 - Lease U-27392
L.) 87-28  Lease U-2738)
! 5.) 54,-28 . Lease U-2738,
6.) 4,8-27  Lease U-2738l -
7.) 83-10 Lease U-27389
. 8.,) 13-1),  Lease U-27392.
- .9.) 31-15 Lease U-27392
10.3 81,28  Lease U-27384
11.) 4427 Lease U~-2738.
- 12,) 42-33  Lease U-27386
-13.) 82-4 Lease U-27386
14.) 22-28 Lease U-2738)
l5.; 57-8 Lease U-27388 . . .
16.) 55-20. Lease U-27390 = S -

. III. Existing and planned access ‘and laterai roads.’
The road net with proposed well.loéations-is shovm on Exhibi£ "An, Existing rocds
will be used with one exception for'accéss to all the wells., The single exception
_reqﬁires the constrﬁction of 960 feet of new road.‘ All aécess roads havé been

‘classified into three types:
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Type L - Exiéting, improvedléccéss roads{ ‘These are either county roads or
roads.improved by Phillips as part of»oPeratiohs in the Exploration Plan re-
" cently completed. To aid identification, this road type is colored yellow |

on Exhibit "A" and labeled with the number 1.

' Type 2 - Existing, unimproved access roads. These are tracks or trails and
require some degree of improvement for utilization as access roads. This type
is shown in green on Exhibit "A" and each segment is given the number 2

followed by ‘a hyphen and an alphabet letter for identification.

Type 3 - New access road. Construction of a short segnent of road is necsssary
to .provide access to a well site in an area devoid of preexisting roads. Thais

road type is.cOlored blue and'is deéignated with the number 3 on Exhibit i,

A1l necessary road improvements and new construction will comply with specifizziions

set by the BIM as specified in section 9113 BIM manual.

As specified in each geothermsl lease, aniapprbved competent archzeologist has ex-
amined the lands to be disturbed., His report, providing an inventory and evaluation
of‘archaeqlogical_aﬂd historical values is included‘as Exhibit "C'. Phillips Pet-
roleum Company iSfprepared‘tq follow the recommendations of the censulting archa2o0-
logist. '

General access to the drilling sites from the pipe and equipment storage ya;d at

Milford will be by'Utah.Staﬂe Highway 257 and by the system of- county énd BLM roads

~ improved as part of the previous plan.
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.The'acoess roads to each well site are deséribed_in the following paragraphs.,

‘Well 57-8 (T27S, RV, Séc.8) Lease U-27388

‘The well site is adjacent to the county road. No improvements are required.

Well 55-20 (T27S, P9, Sec.20) Lease U-27390

Access to the well site is by‘county road, improved dirt road, and unimproved road

labeled 2-A on Exhibit "A", Lehgth of road 2-A_needing,improvement is 10,200'.

Well 13-, (1275, R9M, Sec.l5) Lease U-27392
Accese is By couﬁtybroad and uhimproved'roadIZ—B. Length of 2-B needing improve-
ment is 9300°!. | |

Well 3;_15.(T27s; ROW, Sec.l5) Lease U-27392

Access is by county road'and unimproved road 2-B, Dietance_on road 2-B from 31-15
to county road is'hOOO'.

Well 25-15 (T27S, RYY, Sec.l5) Lease U-27392

The well site is reached by county_road, and unimproved roads 2-B and 2-C. Length
of 2-C requiring improvement is'2500{.

Well 46-10 (T27s, R91L,Sec 1o) Lease U-27389

' Access 1s by county road and unlmproved road 2-C or alternately by. county road, ard
- umimproved roads 2-B and 2-C. Total length of 2-C requlrlng 1mprovement is 7340'.

Well 58-3 (_273, ROV, Seéc.3) Lease U—27386

‘The well site is adjacent to county road and 1mproved dlrt road therefore no ro zd

improvements are necessary.

- Well 83-10 (T27S, R, Sec.10) Lease U-27389

Access is by county road, and unimprovedlroads 2-C and 2-D, 2500' of road 2-D

requires improvement.
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Well 82—h (1273, R91, Sec. hlﬁLensc U—27386

Two access roufes are planned. One route connects the 1mproved access roads g01ng
to well 9Ql with the'unimproned roads 2-E,_2fF and the snort segment of new road
construction 3. The second route usesdnew road 3, unimproved roads-Z—F and 2-E
and connects vith the access roads.to well Roosevelt KGRA 3—1 10,000 fectzof
road'improvements are required: 3 OOO feet on road 2—F 7,000 feet on road 2-E,
New construction totalo 900 feet. |

Well 42-33 (T26S, R, Snc 33) Lease U—27386

'Access.ﬁo the well s;te is by county road and improved dirt road. No édditional

. improvements are required.

_Well 5,-28 (T26S, R9H£,Sec.28) Leaso U-2738L,.
. and

Well 22-28 (T26S, R, Sec.28) Lease U-2738L

Both wells are located adjacent to unihprovcd dirt road 2-I which connects with.

- the county road system. 18,000 feet of road 2-I requires improvement, .

‘Hell 87-28 (T26S, B9, Sec.28) Lease U-2738L

and

4

Well 8/-28 (T26S, R9Y; Scc.28) Lease U-2738L

' Both wells are located adjacent to un_mproved dirt road 2-J. Access to wells is
‘ by county road, 1mproved dirt road,- and Lnlmproved roado 2-H and 2—J. Lengthé of

2—H ‘and 2uJ to be 1mproved are 6000 feet and 3000 fect respectlvely.

Well 48-27 (T265, R9, Sec.27) Lease U—2738A

and



V.

Vi.

- o

Well 14-27 (T26S, RO, Sec.27) Lease U-2736kL
Apéeés is by county road, improved dirt roéd; and unimproved roads 2-H and 2-G.
The well sites are adjacent to road 2-G. Improvement of road 2-G for a'distaﬁce

of 5000 feet is required.

Location and Source of Water Svpply and Road Building Material
Water for construction and all associated operations; will be purchased from the

city of Milford, Utah and trucked tdAthe drilling sites.

Road'building.material‘will be purchased from:-county of Beaver sources.,

v

Locabion of Camp Sites, Air Strips and Other Supvorting Facilities

No camp sites or air strips are proposed. Arrangemen£5»for an equipmens.storage

‘yard at Milford have been completed.

Other Areas of Pobential Surface Disturbance

Other than road improvements and drill pad preparations, no other areas of potential

 surface.disturbance are planned or canibe forescen at present. The pediment, where
-all proposed operations are planned, slopes gently to the west. ’Slope angles range

from 2° to0 10° over much of'the area, Steeper'slopés are encountered along the sides

of washes,ldraining the pediment; howe#er, these are rarely more than a few fect or
tens of feet in relief.',Mass—mOVEménts, such as landslides, will not present a

significant hazard to operations on the pediment.
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VII. The quograghic'Feafures of the Land and the Drainage Patterns
'»TOpographic feétures and drainage patterns are depicted on Exhibit “A" a composite
map made from four USGS 7 minute topographic maps (Minersville 2 NE, Black Rock

3 SE, Black Rock 3 SW, Ranch Canyon). \

VIII. Methods for Disposing of Waste Méterial
At each well site, fluids will bé contained in a reserve pit located adjacert' to
. the. pad, AThe reserVé‘pit will be a gel-sealed eafth reservoir, the surfaces of
which being dréssed with 1 pound per square foot of drilling'type naiural bern—

tonitic clay gel.

Fluids not salvaged for usé'onxsubséquent.wells will be confined in the reserve
pit. The suspended solids will be allowed to sebtle. The flwid will then be
Vpicked ﬁp By vaccuum truck and used fo maintain the county roads.. If sait has
been added to the driiling fluids, or if geothermal reservoir water is diverteﬁ

~ into the reserve pit, the contained fluids will be evaporated to drymess.
The dry reserve pit will-be‘reélaimed and drill cuttings, mud and any salt
residue will be buried. Garbage and foreign debris will be disposed of at

an authorized dump site.

XI. Protection of the Environment

This section describes the measures pfoposed to éffectiveiy minimized environ- -
mental damage and conduct operations in a manner consistent with rules and re-
. gulations and specific actions required by the Authorized Officer regarding

prevention and control of:

RO ——



1.

F‘ire

l. Fire fighting equipment will be iocated at the sites of proposed

operations.,

2, Vegetation on the drill site location will be cut back.

3. Every reasonable effort will be made Lo prevent, control or suppress
‘any fires started on or near lands occupied by Phillips by taking initial
attack action including makiﬁg available such construction equipment and

' maintenance forces that. are available.

L. Thé aﬁthorized officer shall be informed as soon as possible of all

" fires in the lease area.

" So0il Erosion,

1. Due care shall‘be‘exercised to avoid scarring or removal of ground
vegetativc cover,
2, Vehicular travel shall be’coﬁfined.to roads and trails. Any up--

grading of roads shall be:made'in accorxlance with BIM road standards which

‘may include ditching,-draining, culverts and graveling or capping of the

road bed.i

3. Activities employing wheeled or tracked vehicles will be conducted

to minimize surface damage.

Le Disturbed-areas shall be restored by shaping thc surface to as near

‘as possible to the original form and reseeding with a mixture of 4 lbs.
crested wheaﬁgrass,-Z lbs. yellow sweet clover, nomad.or alfalfa, and 2
.1bs, bitter brush seed per acre. Application will be by drill and will

" be made during the'périOd from October 1 to November 30.
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- 5, Reserve pits wiil have ‘a surfdunding berm to prevent overflow.

Pollution of Surfaceuahd'Groundwaters

1. No surface water brotection is required due to a lack of‘permanent
streams or springs in the érea of broposed operations.

2, Th§ well will be cased to preVeht contaminaﬁiOn of the principal
grouﬁdwaﬁer,aquifers;

3. The reserve pits will be lined with a mud gel to prevent leakage of

- well fluids into undergrouhd ﬁaters.,

t

L. During testing, all produced fluids will be confined in gel sealed

‘test pits.

Damage to Fish and ¥ildlife

1. Unéttendednreserve pits coﬁtaining fluids will be fenced to keep
out livestock and wildlife. |

2. Surface distﬁrbanqe'uill beikepﬁ to a miniﬁum’to limit destruction
of wildlife habitat. | |

3. Well»diécharge lines will be directed away from nearby vegetation

to prevent injury or contamination.

Noise‘andrAir Pollution

1. Phillips shall control noise levels and air emissions from operations

.in accordance with federal and state noise emission and air quélity stan-

dards and any applicable local air quality or noise emission standards.



2, ADuring:reservoir tests,muffling deficcs éhall be used to’kéep noise

'emissions.aﬁ or below the level required by the authorized officer. .

Hazards to Public Health and Safety

Phillips will regulate access, with approval of the Supervisor, in those

areas vhere unrestricted access would unduly interfere with operations

under the lease or would constitute a hazard to health and safety.
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An Archeologlcal Sampllng Survcy in the Fscalante _Valley
- of Western Beaver County, Utah

This report summarizes an archeologlcal survey conducted on

the eastern side of the Escalante Valley approximately ten miles
northeast of the town of Milford in the western half of Beaver County,
~ Utah. The federally owned lands sub)ect to this study are administered
by the Cedar City District of the Bureau of Land Management. The

land is currently under lease to.the Phillips Petroleurn Company for

the purpose.of exploring the geothermal potential of the area. It was in
behalf of the Phillips Company that this survey was conducted. The
work was authorized by Department of the Interior Antiquities Permit
No. 75-EM-028 and by Utah State Antiquities Permit No. 154..

Representing an extension of archeological survey work previously
carried out by personnel of the Bureau of Land Management and by
members of the Department of Anthropology at Brigham Young.Univ er51ty, '
the assignment in this instance called for an archeologmal survey of (6
drill pad sites of 10 acres each.and an examination of the margins of"
-approximately 11 miles of existing roads. wh1ch are to be redeveloped as

access roads to the proposed dr1111ng sites. :

The effect of the project requirements was to create an occasion
for a random sampling survey. Within this framework, ‘the drill pads
may be regarded as small quadrats while the survey of the roads creates,
in effect, long and very narrow transects. The survey was random in
the sense that the areas studied w_ereselected by exploration geologists .
“on the basis of criteria that appear to be unrelated to variables affecting
prehistoric settlement or use. A degree of sample stratification within
the limits of the east bench area is achieved in the fact that the project
design placed 5 of the 16 pads in zones of mixed juniper-pinon and sage
brush while the remainder are in open areas dominated by sage brush.
Approximately 5 of the 11 miles of road are in the juniper-pinon zone.

In the entire project areca the gradient ranges from 3° to 10° in a
decline to the west. This variable does not appear to correlate with any
element of prehistoric use. The elevation of the drilling sites extends
from a low of just'over 5500 feet at Pad 14 to a high of slightly more
than-6200 fcet at Pad 7 in Little Cedar Cove All road right-of-ways
fall within thlb elevatlonal range. ' : :



The project area divided into northern and southern sectors, both
in terms of the local terrain and in terms of the arbitrary survey. The
entire northern section of the survey area is contained within T26S,

"~ R9W while the southern unit is confined to T27S, R9W. The two areas

are also separated by Hot Spring Wash¥ a deeply entrenched intermittant
watercourse which effects a rather steep westerly descent from the

" Mineral Mountains to the floor of the Escalante Valley where it joins the
channel of the northerly flowing Beaver River.

Substant1a1 evidence exists that, by Great Basm standards, pre-
historic inhabitants or users of the area could rely upon abundant
water resources. Prior to its modern diversion, the Beaver River
maintained a year around flow except in the driest part of some weather
cycles. Further, the Beaver Bottoms, some 12 miles northwest of the
project area, was still marshland at a time within the memory of the
older residents of the area. Indications are that it was a lake of fluctuating
levels up to the time of European settlement.

The mineral c.onte.nt' of the water coming from a number of hot

. springs in the vicinity appears to have rendered it unfit for culinary or

agricultural use. At the same time, however, both the western slope of
the Mineral Mountains and the floor of the Escalante Valley were once

dotted with a considerable number of usable springs of substantial flow.

As late as the early 1950s, for example, a group of springs 3 miles south
of Milford sustained a hydrophylic environment of perhaps 10 to 15 acres.

Local farmers tend to discount postulated climatic cycles when these
are offered as an explanatxon for the still-declining number of springs.
The loss of springs is generally attributed, and apparently with some good
reason, to the long-term use of pump wells for irrigation which has re-
sulted in a substantial lowermg of water tables. '

In terms of prehistoric use, at least, the most unique and significant

‘natural feature of the arca is the extensive range of obsidian deposits -

fcund in the western canyons of the Mincral Mcuntains. These deposits
appear to have been a major source of prized lithic raw materials which
would have attractcd man to the area even without the well-watered cnviraons,

* Negro Mag Wash'’



............

While the deposits have a considerable north-south distribution,
the most important and most striking part of the fcature is found in
Wild Horse Canyon where extensive ledges of the shinning, black glass
are to be seen above talus slopes of flakes and cores that appear to be
the result of many centuries of human exploitation. Future research

“will doubtless demonstrate that utilization of this material was spatially

as well as temporally extensive. So important has the Wild Horse
Canyon quarry site, 42-Be-52, come to be regarded, steps have been -
initiated to place it on the National Register of Historic Places.

Although the obsidian "'mother lode, " is east of the pro;ect area,

" it affects sites within both the northern and southern segments in ways

that directly affected prehistoric use. Over much of the east bench of

‘the FEscalante Valley, particularly-in the regions below the mouths of

Wild Horse and Ranch Canyons, the alluvial effluence contains, in
addition to soil and granitic gravels,’ streamworn obsidian nodules in ‘
great abundance. When weathered by natural forces, the nodules assume

-a matte black appearance analagous to that observed on nodules of some
~ of the denser basalts noted in areas fa.rther south,

Deposits of these obsidian nodul'e‘s cover extensive areas that often
attain an extent of several hundred acres. The presence of flakes, cores,
and occasional artifact fragments in these areas of nodular concentration
argues that at least some of the préhistoric peoples made pc'rhaps as much
use of the east bench secondary deposits as they did of the more dramati-

~ cally abundant obsidian sources up the canyons. This fact is of critical °

importance to the pattern of site location within the survey area.’

METHODOLOGY

The requirements of the survey involved an intensive examination

_of each of the 16 proposed drilling sites located as shown on the accompany-

ing map. The area of each pad was to encompass 10 acres of land to take
the form of a square 220 yards (201.168.m.) on cach side. - The position

- of each 10 acre quadrat.was determined from the location of the drill

point marker previously placed at each site. In so far as possible, the
quadrat was laid out so that the drill point was exactly centered. In
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cases where drill markers were less than 110.yards frorn a road the
marker was centered on the axis parallel to the road and then the axis
perpendicular to the road was marked off using the road as the base

lineé. This adjustment was made because the company representative’

indicated that none of the pads would be laid across existing roads.
Pads already graded in the earher phase of this prOJect have adhered

.to this principle.

\

The road right-of- ~-ways surveyed are also marked on the accompany-
ing map. In all cases, the proposed road development is to follow the
route of existing roads. Although not regularly maintained, all of the
roads examined have, at some time in the past, been graded.. The
Phillips Petroleum Compadny does not anticipate widening these roads
but will, rather, ccncentrate on improving existing surfaces. Road
improvements completed at the time this survey was conducted were

" found to have conformed to this standard in every instance observed.

Drill site areas were examined by a four member team crossing
each unit at 15 yard intervals. Artifacts recovered as random finds
under conditions that did not suggest the existence of a site were collected
at each pad and are recorded as coming from that area. Sites found on
pads have bcen recorded with reference to one of the corner points of each

‘quadrat and they are also located to the nearest /16 of a section.

Sufvey of the roads was accomp.l‘is}'ii'edvby a single wo‘rker'.walking
each route, all of which have been flagged, at a distance of from 2 to 3
meters of each side of the road. This provided intensive covérage of a

strip 5 meters wide on each side of all roads surveyed. Sites discovered

during the road surveys are located to the nearest 1/16 of a section and
are also plotted in terms of measured yards from readily 1dent1f1able

- points.- Thesc points are usually intersections with other roads.

The.su:vey produced a total of 12 sites of identifiable prehistoric
activity. Of these, 5 were found in the southern sector of the project
area while the remaining 7 were located in the northern unit. Basically,
all sites proved to be lithic scatters indicative of quarrying and/or flaking

~activities. In two instances a conccntratmn of obsidian flakes in combi-
 nation with a few Southern Pamte sherds: suggcsted the possibility of a

camp site. As will be noted below, further investigation ruled out the
camp possibility andvpromptcd_the conclusion that each site represented
a secondary deposit of material from higher ground to the east.



A records search for sites previously recorded in the sections of
land mvolved in this study was requisitioned from the office of the State
Archeologist. The search produced the records of 27 sites within the
area. Of these, 11 were plotted by the Bureau of Land Management:
personnel and 16 were recorded by a Brigham Youn_g‘UniQersity survey
team. These sites are marked on thc accompanying map and all are
listed in an appendix. to this paper. Of this number, only sites 42-Be-116,
'118, and 121 proved to be directly involved in the project area. These
sites will also be evaluated along with those recorded during the course
of the current project. ‘

One methodological innovation for the SUSC. archeological survey

- group should be noted Following discussion with officers of the Bureau
of L.and \Aanagemcnt, it was decided that a.procedure of minimal site =
testing should be incorporated into the original survey. ThlS was accom=
plished through the excavation of ""probing, ' holes 30 cm. square which -
were cleared to depths ranging from 20 to 30 cm. The actual depth of
these probes and the number to be used in the examination of each site

. is, of course, to be determi'ned by an 1appraisa1 of Qn#site conditions.

: A number of con51derat1ons prompted the expcnmental addition of |
'thls step. First, it affords an expanded dimension of knowledge in site
reporting from which to base recommendations for additional work., It
also makes possible for more expeditious move from the original survey
to extensive testing or excavation where needed. Such a method shows
promise of at least a partial elimination of a middle step and thus reduces
the time needed to provide the client with-a more precise statement of his
future obligations to obtain the ant1qu1t1es mitigation requlred in the
environmental 1mpact study :

The SUSC group feels that the method has proven especially valuable
in dealing with sites in the current project area. All sites directly related
to this phase of the project have, with the exception of two small Paiute
sherd scatters, proven to be lithic sites. It is believed that the use of
the probing test under these conditions has been especially valuable.in
obtaining prompt and reaSOnably accurate site cvaluatmn
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THE SITES

-

' The followmg is a brief descr1pt1on both of the 12 sites recorded
by the SUSC group and of the 3 sites relevant to this project that were -

'logged by earlier wo'rl{efs In each instance the number of probes made
.is given and the results of these tests are summarized. All sites in the
project area are plotted on the enclosed map. An evaluation of the sites,

together with recommendations, concludes the paper.

42-Be-273. This area was labeled a site only after considerable
indecision occasioned by difficulties of definition. Identified
along the borders of the proposed access road to Pad 16 in T27S,
R9W, the northern edge of the site was dclineated on the south
bank of a large wash which the road crosses in the northwestern

" corner of the SW1/4 of Section 16. Identified only along the road,

" the site passes through the extreme southeastern corner of
Section 17 and extends across much of the NEL/4 of Section 20
to a point 110 yards north of the right angle turn at which point
the road turns west towards Pad 16.

The site area, extending for 9/10 of a fnile on a north-south line
and for an unknown distance on an east-west dimension, is one of
the major areas of secondary deposit of obsidian. Although there
is some variation in the density of the material, its distribution
is clearly continuous for the full distance. WNodules, flakes; and
cores are even found on the banks of some six washes that cross
the road at right angles. Throughout the entire area examined,
the obsidian nodules are.accompanied by the flakes and cores
~indicative of human activity. Four rather large and casually
flaked knives of ''tear drop'" form were found together with the

- fragment of what appears to be a fifth of the same form. Although
~all were found in the SW1/4 of Section 16, they were not assocxated
No other artifactual ev1dence was recovered.

A total of ten probes exte‘nding tlo a depth of 30 cm, in each case -
were made. These were placed in a series of 5 pairs located with
one on each side of the road at 5 of the high points between washes.
No evidence of m1dden was found in any of the tests but 7 of the
probes exposed either flakes or cores at depths of between 10

and 20 cm. '
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~ worked "'stone slate,

42-Bec-274 (NWL/4 of SEL/4 of Sec, 20, T27S,R9W). - The entire
" quadrat of Pad 16 shows evidence of flaking activity. However, a
. wash enters the pad area near the eastern end of the southern

boundary and curves to the west to exit the unit aft about the mid
point on the western boundary. Obsidian nodules appear to con- ‘
centrate most heavily in the area to the south and west of the wash
while cores and flakes-are more common to the north and to the
east.  Eviderce of flaking activity does occur on the southern part
of the pad, however. Although two or three flakes might be classed

‘as blades from prepared cores, no actual artifact fragments were-
found. Six probcs were cut to a 30 cm. depth in randomly spaced

pairs in the northwest, southwest, and southeast quarters of thc
pad. While no midden was found, flakes and small cores were
noted to a depth of 20 cm.

 42-Be-275 (SW1/4 of NW1/4 of Sec. 14, T27S, RI9W). Located in
- the northeast quarter of Pad 8, the site is situated in.what was, before

chaining, a moderately dense juniper-pinon stand combined with some
sage brush and grass. An obsidian point fragment-associated with
a small cluster of flakes seemed to indicate a site. It was thought

‘that the material might have worked out from the area around the

base of an uprooted tree. Further east in the pad, three small Paiute
sherds and a sloping shouldered Pinto point were recovered as random

finds. A test probe in the area of flake concentration failed to produce

any sign of a camp site while another probe set at a more easterly
point on the pad similarly failed to produce cultural evidence, It
should be noted that Be-117, 256, and 257 are all located up slope
from Be-275. Althcﬁugh none of these other sites yielded a large

.assemblage, they point to the possibility that Be-275 was formed by

a secondary deposit of cultural debris frorn other sites at higher

o levels.

42-Be-116 (SE1/2 of NW1/4 of Sec. 15, T27S, R9W). Recorded
earlier by BLM workers, the site report noted obsidian dectritus,
" and quartzite nodules. Re-cxamination of
the site failed to produce obsidian or slate but some of the apparent
quartzite was much in evidence. It seemed to the survey team that
the material observed earlier had been in the process of a downhill
movement along a small drainage. Quartzite similar to that in the



site aréa was noted on the slope of a shoulder or spur ridge that

jutted north just to the southeast of the site. Cultural debris’

noted by BLM workers could not have come directly down the

slope from. the r1dge since a shallow wash intervened between the

»rldge and the site. Inspectlon revealed, however, that the materials

could have gone down the eastern slope of the spur and then carried
around it to the north within the wash to be deposited in the site
area during periods of heavy rain. The fact that an obsidian flaking
station was identified on the ridge (see below) lent some credence
tp the thesis.” No probes were made at this site. '

42 -Be-284 ) (SE1/4 of NW1/4 of Sec. 15, °T27S, R9W). The site"

rests on a ridge or spur at a point just southeast of 42-Be-116.
The top of the ridge is comparatively level but cut into segments

" by linear strips of what seem to be the edges of a tilted granitic
‘upthrust. - Some highly impure cryptocrystalline nodules were

noted on the lower slopes. The ridge top provided-good, level
areas for work or for camping between the granite alignments.

‘The area was covered with some sage brush and a scattered or .
' open juniper-pinon stand. A decomposed granite gravel covered

the surface. Cultural evidence was limited to a scatter of moderately
large obsidian flakes. Since the site was not threatened by any

planned activity in the area, no probes were made.

42-Be-118 (NE1/4 of NW1/4 of Sec. 15, T27S, R9W). The BLM site

report notes that this site is ""Located on the periphery of a small

arroyo. leading out of Big Cedar Cove, a small quantity of chipping
detritus, a fairly large metate fragment, and a large charcoal and

ash deposit was observed. Theé burned material could be, however,
recent, a function of burning after chaining..." While the-mectate
fragment was absent, the same or other transient obsidian flakes

~were noted. Further, the burned areas were examined in probes

to a depth of 30 cm. The BLM report did not note that the center
of each of the burned areas (there were actually scveral within a

- compass of from 150 to 200 feet) a small mound 10 inches high and

about 4 fecet in diameter is to be seen. Probes rcvealed that the
evidence of burning penetrated only 1.5 cm below the surface but

‘that it extended for an area of some 5 or 6 feet around the mounds.

The burning influence does not appear to havec penetrated any deeper



9

into the mounds although this should perhaps have been the case if,
as is here assumed, the burning results from recent chaining work.
In present perspective, the burned areas are thought to represent
the elimination of trash aceumulated during chaining while the
mounds are evidence of the gathering together of the last smoulder-
. ing fragments which were covered with soil as a precautmnary
measure at the end of the process.
. o '
' 42-Be-121" (SWL/4 of NEL/4 of Sec. 10, T27S, R9W). Also recorded
by the BLM, the site, plotted on the Adamsville 15" quadrangle,
places it near the start of a road extending to the east into Little
Cedar Cove. Although this road also appears on the more recent
" Minersville 2 NE 7. 5" Quadrangle (proof only), no trace of the road -
was found. Examination of this general arca as well as the area
around the junction of the Little Cedar Cove Road now in use some
300 yards to the north, failed to produce any ev1dence of a flaking
area, The survey group assumes that this is 51mply indicative of
‘the ephemeral nature of secondary deposits.’

42-Be-276 - (Midpoint, NE1/4 of Sec. 10, T27S, R9W). The site is
located 420 yards east of the starting point of the access road to
Pad 7 in Little Cedar Cove. The activity area is identified by a
liberal scatter of flakes over an area of some 65 yards parallel to
the road and extending nearly 50 yards up the slope on the base of a
ridge on the north side of the road. Above the point of the flake
scatter, the slope steepens and the flakes become very rare. It
appeared to be possible that the flakes may have washed down from
the top of the ridge where a gently sloped gravel area appeared to
promisc a good camp site. No flakes were found at the top of the
ridge, however. The area of flake concentration at the basc of the

".ridge is in a moderately denSe j.ﬁniper-pinon stand with a surface
of soil mixed with limestone fragments. Since the area is not

- threatened by pending projects, no probes were made.

At this point notice should be taken of another very large sccondary
deposit of obsidian. This is located in the area of Pad 1 where the county
-road runs in a northeasterly dircction towards Negro Mag Wash and is
intersected by the north-south access road from Little Cedar Grove and
Big Cedar Cove. The point of intersection of the roads is almost on thc
~line between sections 3 and 10 and. only a few yards east of the quarter
section marker.
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The road grading for about 400 yards north, east, and west of the
intersection.and for about 100 yards to the south of it, reveals obsidian =
deposits. Drainage channels recently reworked along the margins of the
roads expose flakes and cores to a depth of about 40 cm. Although the
area approximates the conditions found on 42-Be-273, no attempt was
made to designate the area as a site since it has been observed by other
workers whose Judgement secmingly differs. '

Survey, of th’e access road'that cxtends' from the NW1/4 of the NELl/4
of Sec. 9 to the midpoint of Sec. 3 revealed several concéntrations of
_obsidian flakes. These were not recorded as sites since a study of the
terrain and limited probing seemed to indicate that this material was in-
the process of being washed down from’ h1gher levels to the east and to
the northeast.

42-Be-277 (SEL/4 of SW1/4 of Sec. 27, T26S, R9W). A flake

concentration 120 yards east southeast of the drill point and a

concentration of Paiute sherds 30 yards south of the flakes. ‘The
- slope is down gently to the west. A surface of granite gravel

is covered with a moderately dense growth of sage brush and an
open stand of juniper-pinon. Two probes were made to a depth

of 20 cm. No midden or cultural debris was observed. '

42-Be-278 (NEL/4 of SE1/4 of Sec. 28, T26S, R9W). Area marked
by a scatter of obsidian flakes lying on a surface of decomposed
granite gravel. The area has a moderately dense cover of low sage
brush with some grass and rabbit brush in the interspaces between
the sage. The site area is in a level zone between the road and a
bluff which forms the south bank of a wash flowing down to the
northwest. The bluff is approximately 40 feet above the floor

" of the wash. A single 30 cm. test probe.failed to produce midden’

. or cultural evidence. The site has also been somewhat disturbed

' by a road grader passing over the southwestern edge of the flaking

area,

42-Be-279 (NEL/4 of NEL/4 of Sec. 33, T26S, R9W).  This site

was found at a point where the road curves up over a bluff forming
- the south bank of a wide wash. The bottom of the wash'is some

35 to 45 fect below the bluff. The granite gravel surface slopes



g‘e‘nerally‘ down to the west northwest at a. modecrately steep angle

of 10°, Vegetation is in the form of widely spaced and stunted sage
brush. The site revecaled only flakes and cores. Nodules seemed
to be missing.. Two 30 cm. test probes were cut.into the site area,
both on the east side of the road. This procedure was used because
this is on spot where a slight realignment of the road is indicated
by the markers. Nelther midden nor cultural debris was found

42-Be-280 (NELl/4 of NE1/4 of Se‘c. 33, TZéS, R_9W). The,sit’e arca~
is situated ona low rise between two shallow swales.. The general
slope is down to the west northwest at about 10°, Gravel of de-

composed . gramte undcrhes a moderately dcnse sage brush.cover '
“into which some grass is mixed. The prescncc of unmodified
obsidian nodules and an apparent lack of artifact fragments suggests
that this site may have been more important as a resource area

for the procurement of larger flakes. than it was for the’ manufacture
of artifacts. A 20 cm. probe was cut on both the west and the east
side of the road. Neither produced midden or cultural debris.

42-Be-281 (NWL/4 of NE1/4 of Sec. 33, T26S, R9W). Granite
gravel covers the surface of the site while vegetation takes the

" form of a moderately dense sage brush cover with some tufts of
grass and a few open spaces. The site is characterized by rather
small obsidian nodules to the east of the'road while flakes appear

to be more prominent to the west. The area appears to have been ..
marked previously by someone who took a fragment of surveyor's
flagging and wrappzd it around an obsidian core and placed it just

to the east of the road. Two 30 cm. probes, one on each side of the
road, failed to produce cultural eV1dence of any kind.

o 42-Be-282. (NW1/4 of NE1/4 of Sec. 33, T26S, R9W). The customary
‘granite gravel is covered with a moderately dense sage brush start
and a few tufts of grass. The general slope of the terrain is down
to the 'Wes_t‘at about 5°, The entire site area involves a rather thin
scatter of flakes which are slightly more abundant west of the
road. The site appcars to-have been marked préviou-sly by someconc
‘using a fragment of surveyor's flagging to wrap around a limestone .
" fragment which was found cast of the road. The 2 30 cm. test

pits produced no cultural evidence. )
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42-Be-283 (NEL/4 of NW1/4 of Sec. 33, T26S, R9W). The gravel- ,
covered slope drops to the west at about 4°.- The moderately dense '

" sage brush cover is interspersed with considerable grass and '
rabbit brush. The extensive area of flakes, cores and nodules
noted here makes this seem to have been the most heavily used of
the 5 sites recorded along this road. Most activity seems to have

- concentrated west of the present road. The site was marked by a
person who scratched an X in the ground to the west of the road. '
The mark was quite fresh on the day that-the site was logged. Two
20 cm. probes produced neither midden nor cultural debris.

RECOMMENDATIONS

‘The findings of the archeological surveys conducted by the Burcau
of Land Management, Brigham Young University, and Southern Utah State
College reveal quite clearly the limited resource function of the project
area. While this part of the east bench of the Escalante Valley must also -
have served as a source of game and of seeds, its primary value lay in
‘the beds of obsidian nodules which were, -perhaps, more readily exploited"
" than the primary sources in Wild Horse and Ranch Canyons, =

In his notes on 42-Be-52, Wiede (1964) urged the importance of
searching for campsite and workshop areas in the vicinity of known spring
- localities in the Mineral Mountains. He clearly assumes that, when
prehistoric man quarried obsidian, he then moved to nearby water to
fabricate his tools. A study of the 7.5" maps of the area reveals that live
water existed higher in the Minerals to the east and, to the west, on the
floor of the Escalante Valley. The-east bench itself seems to have been .
devoid of perennial water. Hence, it would seem that Wiede's model accounts.
for the vast quantity of flakes and cores and the most limited assortment
" of artlfact fragments found. ‘

ATest probes seem to support this position. While the. possibility of
east bench sites of extended use such as the prchistoric site that may
underlie the historic site at Roosevelt Hct Spring is acknowledged, a _
 transient lithic exploitation is the most accurate dcscr1pt10n of the modal

activity of thc east bench. ‘



The fa.xlurc to produce any swmhcant ¢vidence of pre}nstonc use
or occupation in the test probes justifies the view that, with the exception
of sites 42-Be-273 and 274, no further archeological investigation is
needed. The evidence of limited human activity at all other sites is
confined to surface manifestations and excavation or more extensive
testmg holds no reahstm promise of y1eld1ng data. '

Some: spccial consideration of sites- 42-Be-273 and 274 is nceded,

. however. The first of these sites, 42-Be-273, represents a very large
secondary deposit of obsidian identified along the access route to Pad 16.
Just to the southwest,; 42-Be-274 is a similar deposit which covers all ‘
‘of Pad 16 and extends for an undctermined distancé beyond the boundaries
of the pad. Probes in both sites produccd no midden but they did expose
flakes and cores-to a depth of 20 cm. The limited size of the probes leaves
reason to suspect that similar material may also be found at greater depths.
At the same time,; it is assumed that deceper materials w1ll have the same
'casual distribution noted on the surface. : : : :

The concern of the antiquities investigation is to minimize the
destruction of evidence of prehistoric patterns of culture and, in cases
"where destruction cannot be avoided, to insure maximum recovery of data
relevant to those patterns. Using this concern as a guideline for
recommendations, the. question is, then, one of the kind of knowledge that
might be gained from extended excavation. The lack of evidence of the
repeated use of any one spot suggests that the most valuable data may well
come from some insight into the depth at which flakes and cores produced
by human agency may be found. This would be an initial step in the
direction of ascertaining the -antiquity of human activity in the area,

. In view of the scattered and amorphous distribution of the minimal
evidence thus far observed, the recommendation is made that no further
" testing or excavation be required on 42-Be-273. It should be recognized
that this road was graded in the past and that its redevelopment will but
slightly increase existing disturbance of a site of very great areal extent.

At the Pad |6 site of.42-Be-274, however, a situation obtains in

. whi.'ch it may prove most efficient and least expensive to secure some data
in connection with the development of the pad rather than be requiring
excavationin advance of development. It can be argued that the most
promxsmry cxtension of knowledge may be had by any process that affords
the opportunity to examine a cross section of one of the secondary
obsxdlan depos1ts. :
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I‘c is recommended, then, that the Phillips_:Petr.oleum Corhpany be -
asked to give assurance that, when Pad 16 is to be graded, the company.
will undertake to excavate 40 meters of french, either as a single unit .

~or’in four 10 meter segments, to a depth of not less than two nor more

than three meters below the modern surface. The company should also
be.asked for assurance that sufficient time will be allowed after these
trenches are cut for Bureau of Land Management archeologists or an

archeologist approved by them, to examine the profiles of the: trenchcs

~.and to prepare them for. such photographmg and d1agrammmg as may seem
.advisable. :

This stipulation should not neg‘abte clearance at other sites in the

‘sense that the company should have the right to decide against the dcvelop-

ment of Pad 16 and the access road to it should 1t so desire.
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(Man1963) . o
UNITED STATES
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Budget Hureau No. 42-R1425.

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

APPLICA]ION FOR PERMIT TO DRILL, DEEFEN. OR PLUG BACK
o TRt DEEPEN [] PLUG BACK []

MULTIPLE D
ZONE

DRILL
]

b. TYPE OF WELL

ot | m

\\Pll
2 \A\IE ()} Ulill\’l(‘!(

. 6AS RINGLE
"ZONE

WELL Geothermal

OTHER

G. LEARK DESICNATION AND EHIAL NO.

o INDIA\ AI IOTK‘P L OII TRIBE NAM);

7. UNIT AGUREMUNT NAME
S ——————— :

"B FARM OR LEASE NAMBE

T
__Phillips_Petroleun Co. W X
3. ADDRLSS OF OFERATUR - : Rooaevﬂt }’Gr{j\ 2 _.]_O
P. O- BO‘( 75? e DCl 1 ar, _CA 9?01 'k‘—_-_——' o B “T0. Finin AN lOfn,, ok Witpcar
?:'IOCAHI_)\ oF }\Hl (1. urt [neutlon clearty and i necordance with any State reauiccments.®) ' Wildcal
At suraee 1710, O N along Section line and 2553.40'E at right TL 56 v o R
anglos to said line from the Si-corner of Sec. 10,T27S,RY © T ANDsUKET Ox aREA
At prepaosed pred. zone
(straignt hole) . See algove ‘surface location 10—27%—47«1_ B
T4, DISTANCE 1N \m}'s“.\-\.—n BILECTION FROM NEARLRT T0WN O FOST GFVICE® _1" COGNTY 0it PaRIsH | V3 sraie
11 miles NE of r’llford, Ut L : Beaver Utah
15 01T aNey prost | ot 16. N0, OF ACEHES 15 LEASE 17780, O AR ASSIGNGD -
LOCAYTION 7o NY T . TY TIHIS WILi,
PEOFFRIY 08 LEASH LINE,
(Airo'tu nearest drle, ue lt llm i un\) 1710 05 __]:_7_96_]1' l‘i_o - . o o
18T CUE IROA FIOPOSTD LOCATEON 19, FECTUSED PEUL T 7200 ROTARY Ok CaTLE TOULS -
T WELL, DEILLING, €0 \uu,n:o; :
Of: APFIIIY FOR, O “Titts 1t Asr, . 2860' 6003' Rotary ) )
21, !:u.v.nw\w (&how hether DF, RT, GR, ete.) I 22 AVIEOX. DATE WOUK VILL START®
. ' 6,074.9 GR _April 1, 1975
23. PROPOSED CASING AND CEMENTING PROGEAM :
SIZE OF HOLF 81ZE OF CASING WEIGHT I'ER FOOT SETTING DEPTH — QUANTITY OF CEMENT
: +
26" 200 13.3 60" CR 250_sx =
175" _13 3/ ﬂ_'_'___ _54.5,K=55 BT | 600!~ GR 785 _sx -
125" 9 5/8n 4O, K=55 B | 1SCO'“ GR 600 sx

IN ABOVE SPACE DESCRIBE FROPOSED PROCRAM : If proposal is to deepen or plug back, glve data on prerent prod

1t proposal 13 to drill or decpen dlrectionally, give pertinent data on subsurface locations and measurcd and truc vertical deptbs.

vctive zane and proposed new productive
Glve dblowout

zone, »
preventer prograny, if any. -
a3,
f/’, ' . ' '
Y id . N
- senen _ 22 % "{/ //‘/ 7 L smeManager, Geothermal Operations.._ Dec. o 1975
e e _We Ber;ze_,/ - — _ :
(This space fur Fealcral or State oftice use)
PERMIT No. APPROVAL DATK
APFROVED BY __ TITLE DATR

CONDITIONN (Il',Al‘l‘l(U\'.\L. 1F ANY 2

.


http://propos.1l

R
A,
A

. APPLICATION FOR PERAIT T0 DRILL, GLOTHERAL RESOURCE TEST WRLL 10
APPROXTATT 6,060 1~o<>f TEPTH B

In'cémpliance with séct‘ion 270.71, Chaper 11, Title 30 Cs Fo Ra,
N Pufu"ulﬁﬂ ;, hereoy regues 6 Lo commence arlllirv tc 6 well Reoseveli
KGRA 46--10, s ction 10, TS, R 9%, Selb Like B. axd ¥., Beaver Cowniy,
Uw,h- | | |

1. Locaticn of.Hoie:

Exactly 1710'N along sechion line and 255 IE &t righﬁ |

‘ t&

»

angles to said line ffdm tﬁaiﬁ’corner of 3:ction 10, *:\v?hip 27
South,iﬁange Gd. l' See Attachment I woll p]at

2, Tlevation of the ground % the well site is.6o75', obtéined from
é seébnd order‘of betﬁer survey conducted under the d;r:cu ~';I._:'-» |
vision of a registered land surveyér.,l

3. Elevation of,?hgiderriék floor is * f.

4o 'The_hoie wiil be drilled as'd‘straight hpieu, Bottom hole loca~

 tion is_expected to lie directly;below surface location as

shown on Attachment I.

"*Not'presentiy known
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DETAILS OF ¥ORK

If Tools and équi:nent..
The following equipment will be used to Grill and complétc‘the‘tést
wells | |
Information not available & this time.. An Addendnn

describing the equipment 4o be used will be submitted

at such time as a drilling contractor has boen selocheds



" DETAILS OF WORK

. II. The proposed depﬂh'td which the well will be drilled is 6000 '.
Estimated depths to the top of important markers are:

1. Quaternary and Tertiary

a]luViwnand arkOSic Bands.....o'.."..“.-....‘..-.....'-‘...-"o'.S‘Lirface B

2. Tertiary intrusive rocks and/or mignatized
Precambrian metamdrphic YOCKSeesesecscsccscnsssecosccene 3507
‘ The estimated geologic section is,alluvium’zero to 350 feet, and
© mixed Pre#ambrianlmetamorphics and-Tertiafy intrusive rocks 350

to 6000 feet.

Groundwater, if encountered, should be found above the top of the
Precambrian metamorphic rocks or Tertiary intrusive rocks. Geo--
thermal resources may be encountered at depths greater than the

~ alluvium intrusive~metamorphic rock contact.



DETAILS OF WORK -

'iII._ Proposed Drilling énd Caéing Progyam

1 ,Drill 24" hole. Bevel bbttom, run and set = 60 ' of 20" CD
133# but tress thread K~55 casing (internal yield 3060 psi and-
collapse 1600 p51). Center'ca51ng in hole with.bow type ceniral-
izerse: Cement to surface. U31ng O% excess of the following type:
Cias B ccment with 24 Ca012

: Estimaﬁéd éuantity‘éfidemént required to cement Y60 t of 20" oD

'.133#.bu£tress,thread‘K4554casing to surface using 50% excess is

250 sacks.

Cubv off 20" casing; mold on cau|nn spool vith two 2" Ouuleus, in-—
stell 20! hydrll. Test, hydrll and casing to 200 psi for 30 mim ve;;--
'2. Drlll 171" hole to = 600" (Qr>150 feet of granitic penetfatioh).
 -withistandard-drill.assémbly.‘ Maintain hole within 3° of verticle
using drift surveys at 100 foot intervals.’ Run 13 3/8“,'5A.5#,
"K-ss_Buttréss thread, Range 3 casing (internal yield 2730_psi,
collapse resistance 1140 psi) to %otal depth; Cement to surface

with thennalbmix 1:1 Perlite éement.'

' Ebtimated'quantity‘of cement required to cement 600 feet of

13 3/8" OD 54L.5# buttress thread K-SS casing to ourface using 10@o
. excess 1s 785 sacks.

A



.' v off cas‘ing, install weld on head ?dth ﬁwo 2" outlets and equip .
mll with 12¢ S“I‘lCS 900 blox ’Ouu pr‘evbn{,e“ consisting of. 30CR2 psi '
vorxing pressare aoable rexm and hydr:... Test blind énd pipe rams
: and_ casn.ng to 1000 ps;__for, umr‘.;;f minutes. Test h;y"dril_’oo SCO.psi.
for thw-y minutes. Test r;sulté wi.]_ltbbe showa in the d‘é:‘ly T3

port book. (Us S. Go Siwdll witness preventicn tests).

3. D"JJ'I 12% hole with & tatben : hole locked drilling asserily 40
il 800'.. Dri]lin-7 will bz wivh minimun 1-:eig;;‘o frésh v:atei‘ systen
as deucrnbvu in r'.ld proé_,ra'n. Mud J-oggers vill maintern c.ol*L':ﬁaxlz o3
survel_'l ance of niwd ue*pn" uzje and log gas shows on a mav:i:?::::.‘,» of
20! intervals. Drift surveys will be run at each bit change or at
200'. foot intervals ,wheh‘deviatior‘z increases at a rate gre_éter than-
.-3/14,0 per 100' on any bit change survey. Re'*\edle_l drilling proce- ‘
dures, i. €. reduced welg,h‘u or rotary speed w:_ll be ‘started when

. any survey shows an :.ncreased dev1at.10n greater than 1° from ver—

tlcal. In no event w1ll maximun deviation great.er than 1?2 be

permitted at casing point.

Run directional survey giving both inclination and azimuth to

¥ 1800!.

L. Run and set £1800' of 9 5/éi'_0D L0# K=55 Buttress thread,

Range 3 'casing_‘ (in'ternal}yield 3,950 psi_ and collapse 2,770 psi.)

" with z;egulari guide shoe on bottom and baffle ,co]iaf on top of first
joint. Tack weld and vpiple lock bottom twq joints. Centralize wiﬁh

bow type centralizers five feet from shoe, baffle collar, and each



third joint to surface. Cement to surface with Thermal type -

cement.

Estimated Quantity-OT cemertt recuired to cement - 1800 feet of

9 5/8” OD 104 K~55 buturcus thread casing to surface uslng IOQb
- excess- is 600. sacks. '

5. Remove DOP and casing spool. Oub off 9 5/8" casing, install
weld on ¢a 51ng spool w1th two 2" outlets and blowout prevention
equipment as Squn in Attact hmend 2. Te;thﬁlind éﬁd pipe'rams &l
.c ing to lOOO p;] for thirty minubes. Test hydril vo 500 ﬂéi Tor
© thirty minutes.  Test re sults will be uhonn iz t%e delly repory

book. (U. Se Ge 8. w1ll w1tne%s prevention tefus)

6. ‘Drill'baffle'cdilar, cement, shoe and i?O' with 83" bit and
slick bottom hole drilling assesbly. Pull out for locked botbenm
hole drilling assembly. Drill uO D w1th 81" bits. Drop drifli -

surveys before pulling out of hole for bit changes. -
7. Ve will test potential producing horizons below ccsing point
 and take such stéps as are necessary to control such.zones before

" drilling on to total depth.

8. Run logs as temperature will permit.



" IVe Mud Prbgram

 Sunface Hole
Spad Mud: Mix bentonite wnbil a 3638 visc. is attained, then add
3 to J, ,1bs./bbl. _flosal and = 1b. per bbl. lime. Maintain with a

ratio of 1 sack flosal 1o /, szcks beubtonite.

Below Surface Casing

P . cere e s
Casing sho2 to =-3-500 feetv: Use fresh waber with minimun s2lt a2
dition to control penetrated formabions. F¥eep wolght doun wilth Do

sander and D-silter.

- . . " NS .

Below 2_2[? Casing

~ Use fresh water with minirum salt addition to control punetrated
forumations. In the event of lozt circulabion, water will be eeriatcd

to'obtdin returns.



.V Logglng and Testing Progrdnl
V The mud logglng unlt w1ll monxbor flow line temperauures, colWCct
:samplc Sy prcparc a 11thoWn~Lc los and logz .gases. Otheir logs o be
ran include: - |

Formalien Density Companizched Log
Compensated Neutron Perosity Log
Borehole COﬂpenu;Leu Sorie inyg
Gamna Log :

Caliper Log

Temperature Log.

1. Formaticn Testing

In the eveult drilling date &nd evelustion criteris indicate thab a

g
D
ct
o
€.
m

potentially commercial;geothcxsal'reServoir,hqs-bccn penctr
ste“m contrcl head will be inst lled;on the Mﬁs o1 Gatq. The esczm-
. bly consisting of access porv, Ckill line, and:flow choke'will be'
tested to contain maximum,wvll—head pressure of a fully deVeloped
flow based on drill preseafe:ecnuinﬂw«nt xLuh sw.bable safety allow
ance for meximum anticipeted.steam temperaturcs. F01nab10no to be
tested will‘be'opened to the well bors. Mindmum flow to characterize
'formatiqn,and well installabicn will be produced to surface reserve

‘. pits. v . : ‘ - (.. :

' A_typical-sampling,progrém is included as Attachments IV and V.

. é. ‘Proposed progfam for determining geothermal.grédients and the

~ sampling and analysis of~geo€hermal rasources.

‘a) Geothermal gradients - A w1re llne temperature survey or surveys
will be run 1n‘the well to ob ain data necessary to calculate geo—

thermal gradients.



.-

Eaissicn Spacbrographic qualitstive analysis are run on a limited

b) Sampling and analysis of geothermal resdurccs -~ Formation testing
procedﬁres and'aésembly arc included on Page 5 of A« P. D. A more

detailed program is inélﬁded as Attachments I and II to this addition.

Fluid samples arc submitted to commercial laboratvories and to Phillips

Petroleum Company R&D for analysis. We routincly snalyze waber

samplss for boron, caleium, msgnesium, potassium, sodium, ammonium,

-,chldride, combined nitrate and nitrite, silica, sul.fate, combined

-carbonate and bicarbonate, pH and conductivity, Selected waters are

analyzed -for all of the aﬁove, plus lithium,‘strontinm,AarSenic,

fluoricde, barium, iron, hvdroxide, carbonate and bicarbonatce

/

5

-basis for the,elements Ba, B, P, Fe,AMn, Mg, Pb, Cr, Si, Al, Mo, Sn,

v, Li, Cd, Cu, Na, Zn, Ti, Zr, Ni, Co, Sr, Ca, As.



BOP FQUIPIENT a,EQUlH:"ﬁT’TS

1. BOP eqpipmgnt should confohn to specificsiions set forth in attach-
merirt;s; In addi‘.nion, the foll.ox-ring shondd bc pfovidcd or followed:
a. wcfcer nozzles or sprinklers ehoald be installed to sprey
on the preventer sta.ck +0 control ten mpere pres and help |
presérve_ rubber elements vihen Aonfcﬂ & "..'::1;";’"oCmif>0?f‘5‘flx;411,?,‘-.';fi.
becone excessives | |
b. Ram elements: shduid be checked Jor 1,\, um." SUVULT d.amag»_ev cvery
trip end replaced as r‘cvdeh |
. Ce A bleed _Line'sﬁould be provided. on one of the casing
| head outlets to vent well during trips wnen it is -

necessary to closz well in.

 2. An accumulator system should be .provided- with Ithe following minimum
Spe\lelCatlonS : | |
| a. Large enough to close all of the hydraullcally operated equlp-
ment, with pumps shuu off, and have a minimum (1200 psi) re-
maining- on the accimulator.- |
b. A back up of nl‘orogen bottles or an air conpressor driven in—
dependently from the rig should be prov1ded. Plpnng should be
" such that the nitrogen can be routed throu 7h a pressure regu-
| lator directly to preventer sltac.k», by-passing the accumulator.
Co T‘woA_operating._ stations-bshox;ld be pr'orided. A main unit

(with a four-way valve) and a remote unit at the driller's


http://dj.ista.lled

4Isbabi§n."Thc main-uniﬁ;should.be at léast 50 feet from well-
1borb in a convenlent locatlon.‘
d. All plplng should be 1" minimum steel llneq with (3000 p51)
workjng pressure. . No rutber linqs should be‘used; Sirivels

“should be used to preven® wnduc stress.

3. A1l engines are to be equipped with explosion resistant igaition and

explosion-proof or water injection exhaust.

Le A1X rig lighting is Lo be vapor and/or explosion~proof. Undzr-Iioor

lights should provide good illumination of wellhcad ecuipmcnt,~but

| should be JOﬂducd as far from the nellhvgd assenply as pOSu'b]C.

5. ‘Vater tanks should be filled with sufficient volume to fill welibors

plus an excess in case lost circulation cccurse

6. The following additional EOP equipncx{t should. also be on the. mu :
floor ab all times: o | |
é._ An inside blowout preVentér,
bf A fu1l1 opening drill string séfety valve ih the open position.
c. A kelly“éock should be used below the swivel and a full opening
kelly cock of such design that it can be run through the bloucut
prévénters should be installed at the bottom of the kelly.

M~

In addition, the mud system shall be such that a positive indication can

‘be obtained-asjtd mud volumes required to f£ill the hole on trips.
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.2..

Bécause of the sensitivity of an uncontrolled geothermal well in

this arca, he ohould adiise and consult with the Drllang Supcr—

The

intendent as soon as practlcal.
'B. W. Berthelot |
- office:  (714) 755-0131
© Home:  (71h) 755-2852

He is to initiatevany further or supplémcntai.steps which may be

necessary or advisable based on consvitation with the Drilling

Superintendant.

He is to be cerbain that all soluvy praecuices and procadures arve

v

'bblng_follonvd_uuu Lhav all websrs of the drilling crow are pois

foruming their assigned cduties corrzclly.

Contain any SpillS'tﬁat may have occurred.

Drilling Superintendent is t6:1 
1. Bricf his immedisbe supervisor (Operations \dﬂagbi) on tne
' situation and course of actloA undervay.
C. W, Berge - Office Manager, Geothermal Operaunops
office: (714) 755-0131
Home: = (714) 753-9678

2. Contact the following agenc1es or regulatory bodies as soon as

practical and in the follo'ln* order:
United States Geoloalcal Survey

Conservation Div: "1on -~ Western Region Area Gﬂothermal SLD??VISO“

345 Miadl_sield ©oxd .

» . Menlo Park, CA ¢ 'zs (415) 323-8111 exten51on 2851

Bureau of Land }:::-zement
Department of th> Interior
154 N. Main

Cedar City, UT 84720 (801) 586-9443

Department of Natural Resources
Division of Water nghts

State Engineer

W2 State Capitol -

Salt Lake City, UT. (801) 328-6071



 United States Geological’ Survey
District Geothermal Supervisor

Room /J\2 Post Office Building
Salt Loke City, UT

Office: (801) 524~52L5
Residence: (801) 532w26h2

II. Proposed Containment, Public Heallh z“d Lc“utv and Clear-aupn
i vt ' - v 2

Measures in the Event of a Blowout:

A

‘B.
C.

. D .

F.

G

‘going to scme.

Closc &1l rozds l iz drbo well and conkrol 21l trailic

e

Buin carvhien dikes dowm sUreem going to dreinaza arsas.

Uge vecuun trucks to transport, finids to dispossl pit'

near proposad injection well (#12- ,))-,

Heinjoct flﬁids back inbo Injecbion wizll with puap sel v

on locatlon after obtaining approval of dlstrlct geotharmal

_superv1sor aud state hater engiIeer.
If it is possible to mdkb tie-in to well, kill well with

(9.6 ppg.) salt water using rig pumps or Halliburton trucks.

Drill directional hole as a last resort to kill well.

Clezn~up measures will be cariied out in accordance with BIM

recommendations and surface areas will be returned as near

as possible to their natural state and reseeded with

native grasses. B


http://vri.ll

b.

C.

'PROGRAM FOR DISTOSAL OF VEILL EFFDIENT

fver érillin 9! uut¢a > hole excess mud is used a
AL ll £ co ductor and ce holes, excess mud used as

an additional. sealant in the reserve pit. At the terﬂination of the

useful life of" the reserve plt, well cuttlngs and mud are buried and

the pit area is rotu”ned as nba“ly as is pract*cal to its precxisuing
shape.

Preferrred drilling fluid for 121" hole (9 5/8" casing string) is
fresh 1iilford ClLy water. 'An analysis of Milford waler is included
as httachus ) v this addition.  In the cvent of hole caving, - ws will -

switch to mud dnd disposal will be as above.

Beleow 9 5/8" casing Milford City water will be used as the drilling

fluid. Ve circulate through the.réserve'pit to cool the water in the

~event the temperabure‘eXCeeds’ZOOOF. Additives are added to provect

drill pipe if air is used to obtain and maintain circulation. . Water

not consuied in drllllnn is transisired to new wells and used again
as drilling water. EkaSo vaver is used on county roads to help
control . dust.

It is sometimes necessary to use salt water as the drilling fluid
to maintain well control. Upon completion of the well, the salt

' water is transferred to new wells and recycled. Excess salt water is

allowed to evaporate in the reserve pit and the residue is buried

"during reclamation of thelpiti o : L _ -



. SUPPORTING STRICIURAL LD KYDROINGIC INFOLATION

Depth to the water table and qualiiy ol the groundwater is not knowm.
Water teble is pfesumedAto.lie‘in the alluvium- above the relatively
impermeable intrusive and metamorphic rocks which function as a cap on.

the geovhicriinl systems
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1.

-ATTACIZIEIT IV
ImSE‘jELF IXGXU\ L;.JLAII rl‘ bT })I‘ C:JL' 1

D:tc”*'nc statvs of fluid columa in odJ?C“Hu wells, sample end elire-
inale any noncondensable gases.at the top, .end preonrp to m0ﬂ°urc and
record p“~°surcs'continUOusly (tvo presuu“c rnco“dcru, ca llb“ﬂueo at
intervals with a dead weight, should be used to make surec no data are
misscd) at'tho welthcad while the icotLu" of the HNo. H6~]O vell is
under 1 ;zye 1T tubing has been lnuupllcd’ the weld fluids shovld Tz

dluphg,cd from the tuling and prcoﬁur’“ mezsured ab the tubinshezad.

Obtain wellhead and bettom-hole pressures and tempiraturss end tempor-
ature gradient on the Wildcabt well while the well-is shub in and afizz
the well fluids have been displaced from the tubing. (It is importart

to obbain initial reservoir pressure and temperatures).

Start well to flow at nzarly the ca@acity of the well at a constani
rate. This flow will be a clearnup flow and should be considered as

one point of anhisochronal test. -Duration of flow should be appron

“imately 72 hours.

Take wellhead preosures (both annulus and tublng), tempcratures

measurcaments and orifice meter flow rabtes including prescures and

:temperatures on separator at log scale time (i.e., 1 min., 5 mins.,.

lohhm.,15mﬁm;, Omum.,ASth.,l}m”=Mm.)amldmﬁn

samples as shown on Atpachment II.

- RECORDING PRESSURE GAUGES ARE RECOMM NDED.

VYhen well is shut in, get wellhead préssure buildup and temperatures

at the same frequency as drawdown test, including instantancous



shut--in pressurcs to catch peak wellhead pressure. . Continue shub-in

until welihead presgurcu “and tcmperathxco stabilize. or a maximm of

probablj nolt more than 2 houru.'

Aftfr initisl f10v tests have been anslyzod, condust a threo-point
isochronal test &b rates of 1/3; 2/3, and finally, again at maximum

flow capacity. EBach flow should be followsd by a shut~in pericd to

- a stablllzed shut-in _pressure as was done for the shut-in after the

cleermp. flew.  Seme duba and dabaebaking LlCUU”‘“" should be used for

dravdoims and huilups as descrihed for the cWez:,p $lovw.

N



© ATTACHMINT V'
SAMPLING SCHELULE
eseription of Sample

Test - Surface , ) :
‘Time ~ Water Drilling Condensed  Separated:  Noncondensable - Silica
(nrs) . Samples(2) Mua(l) | Steam(2) - Licwid(2) . Geses(3) ...  Test _

0 . X X |

1/2 i ' X X X

A X X :

T2 X X X

6 X - X
10 X X
14 X X

18 X X

22 X X X X
32 X X

2 - X X

52 X X X - X
62 X X

72 S — . —X . ~ X ~X..
Total . o o o 3 o

Samples 2 2 13 3 I . L
Notes: ) Drilling Mud samplé vhen holg is bottomed out and again dum.ng cenpletion

1
2) . "T,"A Type kit
., (3 "FU Type. kit
L) Test to be made in field

-




Helium Sniffer 12 January 1976 . AREg

’ ' | urt
Ted Denton, Isctope Geology, USGS J
, : Roos
Lab Note: Preliminary field trip to Roosevelt Hot , ggg?

Springs, Utah, 23-4 Uctober 1975.

{
| w :
| tes Lo " teliivan
On esach of the two days, 23-4 Dctobé L“P{; #:‘§3 O Pows. CEEN to
twenty samples of soil gas at Roosey Switfer g an

: : + S 7
cast-west line that had been laid ol eved  HoT O I'“' of Utah

and designated "2200 North". Pleas% (976 , DaePr sed maps.
All samples were taken from the soil ,surface .
and analyzed for their helium conter ‘collec-
tion. A plot showing the excess of| le over

the helium normally found in air isc |

The sensitivity of our detecting system in the field at that
time was such that the smallest detectable output signal from
the instrument corresponded to 10 parts per billion helium in

air: that is, the system could resolve the difference in helium
composition between an unknown and a reference gas with a pre-
cision of + 20 ppb. Calibration of the detector was performed

at least three times on each day against two standard &ir mix-
tures that had been certified by the U.S5. Bureau of Mines. How-
ever, the reference gas used in evaluating each sample was taken
directly from ambient air, because the helium content of the
air above ground was found to be indistinguishable, to within
the precision of our calibrating technigque (+ %), from the
fraction of helium regularly found in the atmosphere (5.24 ppm).

Although the variations in helium abundance along the sampling
line did not exceed the limits of uncertainty associated with
any one measurement, a trend of increasing helium abundance may
be discerned within these limits, reaching a maximum scmewhere
near the position "500-west". This maximum may be associsted
with the intersection of our sampling line with a north-south
fault which we understand lies somgwhere under the "2200 North"
line. '

Also appaerent in the data plots is the fact that all samples:
collected contained at least one percent.more helium than is
normally found in air. In addition, the éverage excess of helium
on the first day was about 2% above normal, whereas on the secaond
day it was only about 1%. This decrease in helium abundance in
the soil gases on the second day may have been caused by the
simultaneous increase by about eight millibars (~ 1%) in ambient

barometric pressure. ;
|

The conslusions that may be drawn from this preliminary visit to
the Roosevelt Hot Springs are:

~a)_.Since.--helium was readil& detected everywheré“along the
line "2200 North", there is no reason tc doubt that our
system could be used to map the extent of the reservoir
that underlies that area. The magnitude of the effort
that would be required to do so may be estimated from the
observation that four persons, with a truck-mounted Sniffer



vt

He Sniffer Roosevelt Hot Springs ehd 12 Jan '76

and an auxiliary field vehicle, can collect and analyze
about 50 samples in 'the course of a day. If the samples
be collected on a half-mile grid, these 50 samples would
cover an area which 1is three miles square (nine square

miles).

b) Increasing the resolution of the Helium Sniffer by a
factor of two or so, might make it possible to locate
subterranean faults, even in a region of enhanced helium

content.

c) The interface between the atmosphere and the soil appears
to extend at least two feet below the surface in soil of
moderate density.

Our thanks are due Professor Stanley Ward, of the University
of Utah's Department of Geology and Geophysics, for inviting
us to collect our samples along one of the University's base
lines, and for his interest in our helium detecting system.

: l
Alan Roberts of the 0il and Gas Branch, USGS, and his twao
associates, Mary Dalziel and John Lubeck, participated in the
collection of samples at this site. The 0il and Gas Branch

‘has provided~thHeé principle funding for the development of the

Hellum Sniffer.

The truck-mounted Helium Sniffer used on this trip was lent to

‘us by Mike Reimer, of the Uranium and Thorium Branch; USGS, who

modeled his instrument after the one originally developed by
the Isotope Branch.

enclosures
ehd
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