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UNITED STATES 

DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
AreR Geothermal Supervisor's Office 

Conservation Division, MS 92 
345 Hicldlefield Road 

Menlo Park, CA 94025 

NOV 9 1979 

Hemorandum 

To: Interested Parties 

From: }>.o-\"'\.~-ea Geothermal Supervisor 

Subject: ---Plan of Development, l\111inoil USA, Inc., Federal Lease CA-1862, ----- -- ---------.... Geysers-'Calistoga KG~, L3.ke and Sonoma Counties, CA. 
Ref: 2403-01 CA-l862 (POO for EA #136-80) 

Aminoil USA, Inc. has submitted a Plan of D.iJeration for Development in 
accordance with 30 CFR 270.34 to construct five nml tiple-well pads, dr.U.l 
nine or more exploratory ',.;ells and construct a steam transmission pipeline 
for t:he steam supply to the proposed Sacramento Hunicipal Ut.ilities District 
(St-IUD) electric generation unit No.1 on Federal Lease'CA-1862 in the 
Geysers-Calistoga KGRA, L:J.ke and Sonoma Counties, california. A copy of 
the Plan is enclosed for your review and files. 

&1'1 Envil:onmental ];ssessment (EA #136-80) will be prepared by the Off ice of 
the l~ea Geothermal SUpervisor for the proposed action. 

You are invited to participate in a field inspection being led by Ted Hudson, 
Santa Rosa District Geothermal SUpervisor, USGS, on December 5, 1979. 
participunts are asked to meet at the Chevron Service Station in Middleto\o:n, 
california, at 9 a.m •• 

We urge you to send written commentary and \o,ill appreciate hearing from 
you even if flU are of the opinion that the existing regulations, lease 
terms, and operational orders provide adequate environmental protection. 

All COm!~lents concerning the proposed actions 'should be received no later 
than December 19, 1979, by: 

ArE-a Geothermal Supervisor 
US Geological Survey - Conservi.ft.ion Division 

345 Hiddleficld Hond - HS 92 
Henlo Park, CA 94025 

Tel: (415) 323-8111, Ext. 2845 (FTS: 467-2845) 



All comments will be given serious conoideration in the preparation of 
the Environmental Assessment and any subsequent conditions of approval. 

The Area Geothermal Supervisor's office will routinely distribute copies 
of the completed dr.lft: EiI.' s to the surface ac;cncy, the lessee, Goot_hermal 
Environmental Advisory Panel and the U.S. Fish and Wildlife Service. 
other interested parties ffiily receive a copy of the final EA upon request. 
Copies of EA's will also he available fbr inspection during normal business 
hours at the Area Gcot:herrnl Supervisor'::.; office, the District Gcot.hermal 
Supervisor's Office and Bureau of Land Management manager's office having 
responsibilities for the areas under consideration. 

Enclosures 

bee: Reading File 
Subject File 
DGS, SLC, U'r 

DGS I RNO I 1'-1"\1 

ENV 

~tlY. 
BDeTar/km/ll/08/ 79 

(Original Sgd.) Bruce H. Hellier 

9f Reid T. stone 

101-02 
2403-01 (POQ for EA #136-80) 



IN1(RESIEU PAkTllS EA u136-80 

Aminoil liSA, Inccr'p')rilted 
Plan of Devp.lo[lIPpnt 

District Geothermal Supervisor 
USGS, ConserV0tion Oivisi0n 
Post Offic(' OOK ~539 
Santa HOSd' California 9~,042 
*F1S 450-U326 Com~: 707-525-4326 

/-\ r. Hen r y CuI 1 ins 
Area Geologist, Pacific Area 
USGS-ConscrvatiGn Division 
345 Middlefield Hoad, ~s 60 
~enlo Park, California o~025 
*FTS: 467-2053 Com~: 4IS-323-8111 

Dr. G. D. f?obinson, Chair'nan' 
Geothermal Environmenti'll i\(ivisory 
Panel 
3~5 Miadleflelrl Road, MS 19 
Menlo Par~, Cal ;fornia 94025 
~flS 467-2871 41S-323-Rll1 ~2&71 

Califnrnia State Dirpctor 
Bureau of Ldnri Manaae~ent 
Federal [)u; ldlno, f<0011 (-22 tll 
2800 Cottape ~ay 
Sacramento, Cal i fornie 4)r,2~, 
*fTS: qhB-4676 Com (916) 4~4-4676 

u.s. Fish and \,,; 101 i fe 0f'rllice 
ATTN: Field Sur~rv Ecoloqic21 S~rv 
2800 Cottage ~ay 
Sacramento, California ~SB25 
*FrS: q68-4516 C0~m: 91~-08q-Q516 

Department of tneraY, Division of 
Geotherm,,1 R('<;ource ,·1an0Qen,c n t 

AT l! J: Hr. F red H. A h e I, I-' r oq fJi<) r 
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Washington, O.C. 
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California Division of Dil :<. Gas 
ATTN: K~n Stclllrq 
2904 ~cUrirle L~ne 
San t il f? 0 S il , C" I i for n i i'l '-15 11 () I 
*Comm: 707-S2S-0~7q 
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Lease Unit No. 7 West C~ 1862 
Sections 21, 28 and 29~ TIIN, RSW 

Geysers Area KGRA 
Lake and Sonoma Counties, 'California 

September 15, 1979 

Aminoil USA, Inc. 
P. O. BOX 11279 

Santa Rosa, CA 95406 
(707) 527-5332 

Plan proposes construction of five well paJ sites for the drilling of nine or more 
gcothC'l'ln.:l1 rC'sOLJI"CC '-Iel1s anti constnJctlng :\ pipeline for the ste:lI11 supply to the 
Sacralllt'nto ~hlll.icipal Utility District Electric G<.'neration Unit 1. Drilling of the 
.wcll:; is s~'hL'JlIll'd to uq.:in in 1980 with construction of the steam supply pipelinC' 
systC'1n St'h\~dlllc-d for 1982-83. . 
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A. INTRODUCTION 

Plan of Development Operation 
Lease Unit No. 7 West eA 1862 
Sacramento ~tunicjJlal Utility 

Dist rict (S~!UD) EJ ectric 
Generatioll Unit 1 

Pursuant to 30 CFI{ 270.34, Arninoil USA, Inc., formerly Burmah Oil and Gas 
Company, hereby submits its Plan of Development Operation Lease Unit No.7 
West eA 1862. The Plan proposes construction of five well pad sites for the 
drilling of nillc or morc geothennal resource wells, ronstruction and installa­
"tion of a steam supply pipeUne system to provide the steam supply for the 
Sacramento ~luJlicipal Utility District (SMUD) Electric Generab on Uni t 1. A 
concrete sedimentation basin will be constructed near the power plallt to receive 
excess condensate from the plant cooling to\,ers. A small section of ne\~ road 
will have to be constructed for access to the most westerly well site. 

B. DETAILS OF TIlE PLN~ OF DEVELOP1vlENT OPERATION 

1. Site Locatfon 
/ 

The project site is located in the Gey-seTs Area I~GRA, Lake and Sonoma 
Counties, California (see Exhibit "A" Regional Map (page 2) and Exhibit 
"B" Area Hap (page 3 )). The project aTe3 enco:npasses about lGO hectares 
(396 2cres), including the S 1/2 of W 1/2 of Section 21, "the N 1/2 of 
N 1/2 of W 1/2 Section 28, the N 1/2 of N 1/2 of E 1/2 Section 28, and 
the N 1/2 of N 1/2 of E 1/2 Section 29, TIIN, R8W, NDB & M. Access to the 
project site is from Higlnvay 175 via Socrates ~line Road and the California 
Division of Forestry Service Road which has been previously improved for 
exploratory drilling operations. 

2. Reservoir CJlaracteristics 

The geothermal resource from one well, CA 1862-3 (37-21), on FederClI Lease 
Uni t No. 7 West as I-li th the balance of the Iwlls in the Geysers GeothennCll 
Development Area, is dry steam generally at saturation. Results of tests 
identifyi1lg the characteristic of the steillil from the CA 1862-3 (37-21) 
well are on file with the USGS office of the Geotherma 1 Supervisor, Menlo 
Park, California. ChaTacteristics of the steam produced from the Hells 
to be drilled is not expected to differ materially from that produced from 
the now compl eted I'le 11. 

1\'011 CA 1862-3 (37-21) encountered reservoir rock at measured depths below 
1149 meters (3769'). Tllough the well penetrated approximately 1210 meters 
(3970') of reservoir rock, it is not believed that basement was reached. 
Although the total area of the leases COliUlli tted to development for the 
S~IUD Unit is considered to be productive, the thickness of the res('rvoir 
has not yet b('en defi ned. Porosity and permeabi I j ty of the metap,rilYlv;J.('ke 
reservoir ro('k is 101.... Permeilbility in the reservoir is thought to be 
the result of fractures. Static pressure at each well head is exp~cted to 
be ~ 32 Kg/clil 2 (,150 psig) i1S ellcollntered in wells previously ori lIed. As 
noted. reservoir fluid is dry steam, gencr;dly at saturation, with little 
or no free I~atl'r. Productioll from the \,ells cOlilpll't('d in the S~!UIl Uni t I 
project ar('a and Oil offset propt'l'ties ranges from 3R,(,OO Kglhr (85,000 
Ibs/hr) to OVt'r !>l,OOO Kg/hI' (200,000 llls/hr). The \~t'lls yet to he 
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dril1ed nrc expccted to be "hhin this rnnge. 

We 11 s to the nort IlIves t of the deve 1 opment :11'ea have heen slIl'plyi ng s t enm 
to PGandE's Units 9 and 10 since 1975. Production l',\tcs at these werls 
have experi enced some dec Ii no o\'cr tj me. I t is expect cd that the we 11 
drilled to date, those to be drilled under this Plan of Development, and 
additional replaccment wells Hill providC' adequate steam stlpply for thc 
commercial operaUon of the SS I-IW St-lUD Unit 1 for at lenst a 30 year 
period. 

3. l\'el1 Spa~}nfl 

Spacing of I-Iel15 to be developed from Federal Lense Unit No. -7 West CA 
1862 for the S~lUO project will be determined following evnluatioll of 
rescrvoir characteristics to determhlC optimum production from a- minimum 
number of v1el1s. Surface locations ",j 11 be scI ccted to correlate Kith 
bottom hole objectives and In-ecisely located follOldng an evaluation of 
topographic features, drainage areas and surface geologic conditions (refer 
to Exhibit "C", Geologic t.1ap - Appendix 1 for details). Detailed infor­
DJation on well ·sp2cillg and bottom hole I"ocations \·:ill be filed with 
Applications to Drill (Form 9-331C) under sepaTate cover. 

Five multiple \~ell pad sites will he developed in an effort to minimize 
surface disturbance and the resultant environmental impacts. Where appro­
priate, site specific geotechnical studies have been performed and a 
report of the findings will be fOTl1arded upon cOlapletion of each study. 
A typical chilling site is reprcsented by Exhibit "0" page S. The five 
multiple well pad sites '-lill also provide locations for the drilling of 
replacelllent wells which might become necessary to maintain the steam flo\\' 
rate required to operate the plant for the life of the projec~. 

4. Representative Drilling Pro-gram 

A detailed drilling program for \<lell CA 1862-3 (37-21) has been submitted 
previously with the Application to Drill (Fol1n 9-331C). The drilling pro­
gram for any future well is not expected to differ materially from that 
appToved for the above mentioned ,,-e] 1. Profi Ie of a typical geothermal 
Hcll is depicted uy Exhibit "E" page 6. 

5. Stenm Rcservoi"~' Adequacy and Comr.lcrci a1 Uti lization 

Duc to the high productivHy of several offsetti ng ,,-ell s (over 91,000 
Kg/hI' (200,000 Ibs/hT)) and the presence of productive ,.;ells to the 'vest, 
south and enst of Federal Lease Unit />Jo. 7 .ll'est, Arninoi1 USA, Inc. has 
determillcd that an adequate steam reservoir exists to supply steam for 
the cOIluneI'dal operation of SMUD Geysers PO"'er Plant Unit 1. Arllinoil has 
cOlllmit ted the approxirnat el y 160 I!cctares (396 acres) of Lease Unit No. 7 
I\'cst to proclucUon of stearn for the operation of the S5 ~j\\, plant. 

SI-IUD Unit 1 is nOH expected to start commercial operation by Janu(lry 
198·1. 

Only steam from Lease Unit No. 7 West ",Ill be used for the operation of 
S~nJlI Unit 1. Production froll! individual ",ells will be (lccountcd for by 
individual well orifice meters in accordance "'ith GIW Order No.7. 
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The Plull of De\'eloplllC'nt Opcration proposes drilling nine or more geother­
mal resource wells from five nlul tipl e I~cll pads, constrllction ,Ind installa­
tion of [thout 5300 meters (17,.100') of stC'alll supply pjpeline and an 
unspedfieu amount of condensate pipeline. A concrete sedimentation basin 
Hill be constructed Ilcar the pOh'er plant to receive excess condensate from 
the plant cooling tOl'e1's. Approximately 1.1 Km (2/3 mi.) of new road 
Hill have to be constrllcted. 

a. Well Pads 

One ~:el1 for the s!,run Unit 1 project has been completed fror.l one exist­
ing drill si te. Complete dcvelopillent of the field for initial start 
up of S~ruD Unit 1 will require the drilling of an additional nine or 
more ~;ells from one· existing and four proposed multiple I-:ell pad s:i tes. 
The exist ing and proposed dri 11 p3d sites are indicated on Exhibit 
"Fit Proposed Locations and Pipelines - Appendix 2. 

Each \\'ell site will require construction of a level pad of about 4,000 
square meters (43,000 square feet) l'.'1th a drainage system and an 
adjacent waste sump with a capacity of about two to six million liters 
(1/2 to 1-1/2 million gallons). 

Pad sites have been selected to take advantage of existing topographic 
flats or ridge lines. 

h. Access Roads 

A minimum amount of ne,", road construction will be required to provide 
access to the most westerly drill pad site. Existing roads between 
PGandE plant sites provide excellent access to the project area. 

c. Steam SUl~ply Pipeline System 

Steam will be carried from the veIls to the power plant in insulated 
steel pipelines supported above gTound by drilled, cast-in place COll­
crete piers.. The pipeline system is designed to provide a steam 
supply of not less than 4.5 x 105 Kgs (10 x 105 pounds) per hour at 
7 Kg/cru2 (100 psig) and 1700 C (340° F) at the power plant inlet. The 
size of the pipeline increases as required by steam volumes from a 
minimulll at the I,'ell head to a maximum for the m3.in trunk line at the 
power plant inlet. Exact pipeline sizes will be detennincd after 
the design criteria have been established. 

The p:ipeline collector system (Exhibit "G" page 8) for each well 
includes a well head master and production valves, rock catcher (where 
necessary), rock lI1uffler (h'here necessary), l.;el1 he3d throttling 
valve, well head separator, well head meter rUll with orifice flange, 
and a well head isolation (root) valve. The collector system from 
the well head to the isolation (root) valve will be designed to with­
stand maximum well head shut-in pressure and templ'raturc of 34 Kg/cm 2 

(490 p5ig) and 240 0 C (465 0 Fl. A rcview of existing systems may 
indicate ch:lllr,es in the system I,hich will be incorporated in the l'13n 
of Production Operation. 
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The main pipt'ljne system from heyond thC' \\('11 pad collector to the 
plant inlet includes h'o master ch':ln lip scparator:; (Exhibit "JI" 
page 10) Oil eithc'r !;ide of the plant inlet line, a series of ;lutolllated 
steam 1'c]io[ valves I\'hich dirt.:ct stc;lm to a rock muffler silencer 
during power plant outnges nnd a series of 1.:1 Kg/~m2 (J 80 psi);) 
ruptm'e <.lisc:.; located at strategic points alone the line to provjde 
for the saf{,ty and intep'i ty of the system. The [.win pipelille beyond 
the 11el} pad collector system l\ill have a Tlonnal operatinr. pr('s~;urc 
of 9 Kg/cm2 (125 psig). 

A condellsate collector system I,ill parallel the main pipeline and 
collect all steam emissions and condensate uOImstrcam [rom the \\ell 
flOH liIeter and exhaust into the reinjecti0n system. 

Steam transmission lille Toutes are generally selected as the shortest 
distance to the generating unit, thus minir:1izing heat and friction 
loss. I~Kever, the layout of the pipeline system is some~hat dictated 
by the terrain of the rugged area. For ease of maintenance, routes 
will fo]Jo\~ r0ad aUgnments \-ll1ere",e1' possiLle. Turns and changes 
in elevation required by the rugged terrain offer some advantages in 
helping to provide relief for pipe stresses and anchor loads. Areas 
of active slope instability arc avoided wherever possible. A low 
profile has been emphasized to reduce visual impacts. 

Pipeline segments will be sized on the basis of pressure drop and 
steam velocity. Pressure drops are in the order of 0.01 Kg/cm2 

(0.15 psig) to 0.02 Kg/cm2 (0.25 p5ig) per 30 meters (100') of equiva­
lent pipe length resulting in total pressure drops between the well 
head and plm!t inlet of 0.35 Kg/cm2 (5 psig) to 2.1 Kg/cm2 (30 psig). 
Steam vc10ci ty varies from 30 meters/sec (100 fps) to 75 meters/sec 
(250 fps) Ivi til a 45 meters/sec (150 fps) velocity being the- most 
desircable from the standpoint of minimizing noise levels and conden­
sate losses. 

Experience at the Geysers Field has proven pipe fabricated from low 
carbon steel such as ASH! A53> Grades A or B or piping of equal com­
position, to be highly satisfactory for steam transmission line. 
Internal corrosion of pipe llse<.l to carry steam at the Geysers h.:ls not 
becn a problem. Insulation, used to minimize heat losscs, has proven 
to be very effective in protecting external pipeline surfaces. 
Because of its longer life and its ability to be reused after rcmoval 
for pipcline repairs, aluminum has proven to be the most effcctive 
matcrial for use in covering the pipcline insulation. A colored 
external surface .:hich blcnds with backf!l'Olllld vegetation is to be used 
to reduce visual impacts. 

Pil)c\-:al1 thicknesses vary in range from 0.64 cm to 1.3 cm 0/4" to 
1/2") in accord:mce 16th thc A.'l-SI fi3l.1 ['oh'er Piping Code, current 
edition. Stresses in pipelinc material have also becn designed to be 
within tho limits as specified by the A~SI B3l.1 PO\\'C1' Piping Code, 
currcnt edition. The temper3turc of thc pipeline fr(llll an extreme cold 
condition to an extreme hot condition ranr,cs from about _10 0 C (14 0 

F) 
to 205 0 C ( 400 0 F) I\'IJi ell C,1I1 rcsult in a liIea sUl'cd movcment of abou t 
3.2 ems (1-1/4") per 30 meters (l00') of lineal pipe. 
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This expansion produces the forces which require the anchors for 
holding the pipeUne IdthiJl its prescribed ;lllgnmellt. Concrete 
supported steel piers I-:ill vary in siz_c from 20 CHI (8") to 7S CIIl 

(30") ill diameter and Hill be set at an :Jverage depth (If three 
meters (l0'). Supports l\'ill be spaced nbout ]0 meters (33') :Jpart. 
Depending on c(lllditions at each pier location; one of the follOld.ng 
supports will be provided: 

1. Solid Anchor 
2. A one direction sliding plate 
3. A two direction slidillg plate Kjth limitjng devices for later:Jl 

movenlC'nt, or 
4. A free floating_support which a11m-iS both unlimited horizontal 

and vertical movement of the pipeline. 

The rigid anchor points 'dill be placed at ahout 150 meter (SOD') 
intervals at Ioc:ltions c(lnsidered to be reasonably st<lble. Il'here 
forces arc expected to be too great, exp:lnsion loops are provided 
to relieve the excess stress \-;hich might result. Eal'thquake 
and wind forces Hill be factored into the final pipeline desigfl. 

Valves selected for service ill the steam gathering system will have 
cast steel bodies Hith stainless steel trim to protect against corro­
sion from exposure to minor amounts of hydrogen sulfide. Slab gatc 
valves, such ,IS the II'KH POHer Seal T}1)e, or equivalent, arc to be 
used at the well heads. Isolation (root) valves arc to be typical 
gate valves ",ith rising stems. Small valves of S cm (2") and under 
are to have forged steel bodies with stainless steel trim and stems. 

Each well head collector system will be equipped" v:ith an automated 
throttling valve I-;hich may be actuated by a central control system. 
A feasibility study is being conducted, to confirm if a central contTol 
system is I,'arrantcd and also to detcrmine if the Unit 13 and Unit 16 
systems can be extended to S~lUD Uni t 1. 

Exhibit "F" - Proposed Locations and Pipelines - Appendix 2, indicates 
the location of the proposed pjpeline gati-.;)ring system. 

d. Condensate System 

A concrete sedimentation basin Hill be installed Ileal' S~lUD Unit 1 to 
function as a particulate sedimentation basin for excess condensate 
from the Unit 1 cooling tOl-lers. The basin \611 be equipped \,ith 
automatic level sensing deviccs set to indicate alarm conditions at 
specific high water levels. The control devices will be of the 
"fail safe" type and pOI{ered by an uninterrupted pOh'er source. 

Excess condensate will be pipcd to an, as yet, undesign:Jted I,'ell for 
reinjection into the geothel111al reservoir. The pipeline wi 11 be 
constructeu of flanged, epoxylined, steel pjpe e!c\'.:ltec! above ground 
and when possible paral leI to the ste:Jm pipeline. The line 
will be si:ed to accommodate the maximum cooUng tOl,er outflol .... The 
pipe will be rigidly supported by stecl piers set in concrete. 
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8. Protection of the Environment 

Continr,ency plans for (1) Emergency Accidental SpDJs and Dischhrge 
Control Procedurcs, (2) Emergency Fire Control Procedures, (3) Hydro­
gen SuI fide Contingency Plan and (4) /)]O\,out Continf,('l1cy Plan \{ere 
forwarded I{ith cover letter dated July 26. 1977 and are on file at 
the USGD Office of the Gcothenllrll Supervisor, ~lcnlo Park, California. 

b. Soil Erosion 

The Environmental Impact Anillysis "The Geothermal Leasehold of Union 
Oil Company at the Geysers, Sonoma County, California" Ekoview 
February, 1975 overlaps the projcct area. The Report states that 
according to Jackson (1972) natural or geolop,ic erosion rates for soils 
forr.Jed on Franciscan Formation in this very active tectonic zone al'c 
among the hif,hcst known in the \wrlr..l. Soils on the Leasehold are 
identified by the EkovieH Report as Josephine, /,b)111C!n and /lugo Series. 
All three of the soi Is are referenced by the USDA Soil Conservat ion 
Service 1972, as having high pelTIeability, good drainage, high 
susceptibility to erosion and fair to poor suitability for vegetabon. 

Care l"i11 be taken at the pToject site to minimize the: potential for 
erosion and disturbance of natural drainage. The outer limits of the 
entire area to be disturbed \~i 11 be staked for field inspectioll prim' 
to commencement of any cons truction acti vi ties. Vegetation ,d 1 1 be 
cleaTed ancl earthwork a1ld installation of culverts and drainage ditches 
will be done pursuant to specifications as provided by ~ qualified Civil 
Engineering firm. On completion of construction all outer fill slopes 
will be dressed and coo~actedby rollers or by walking with a crawler 
tractor. Vegetation will be re-established on all fill slopes alld 
appropriate cut slopes pursuant to recommendations of a qualified ver.cta­
ti(tn consultant acceptable to the USGS, l>Ienlo Park, and BU·l, Ukiah Dis­
trict Office. Revegetation \,i11 take pI ace prior to the l'Iet season 
immediately folloh'ing completiuT1 of const-;'lJction activities. 

C. Surface and Grouncl Water 

All construction ,·lill be completed pursuant to specifications for pro­
tection of ground ~ater resources. The Haste discharge sumps at the 
well sites \dll be constructed with a 61 cm (24") thick impervious 
clay lincr co:npacted to insllrc a maxilllum penneabilit)' of 1 x 10- 6 
em/sec. (0. <1 x 10- 6 inches/sec). Subsurface ground I~aters will be 
!-urther protected by casing and cem,nUng procedures proposed in the 
Application to Drill (Form 9-331C) and approved by the office of the 
Geothennal Supervisor, '-Ienlo Park. 

Big Sulphur Creek Jr;}jnap,e area supports several trihutaries through­
out its course I~hich dr,lin the proj ect area. The northerly port ion 
is drained by the hcadh'aters of Cobb Creck, a perennial strC4lm. The 
southHesterly portion is drained by two. unn;llned p{'rcnnial CTl'cks \\hich 
fIOH into Ili!~ Sulphur Creel-.. ahove its confluence Hi th Hot Springs 
Creek. A small epheilleral stream drains the southern portion of the 
projcct area and flows westerly into tile most casterly unnamcd creek 
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which dr;lins the southHestcrly portion. 

Drain:!r.e of the northc:!st corner of Section 28 flOl1S into Anderson 
Creek and ultim:!tc'ly into Putah Creek wldch forms,<1 part of the "ater­
shed bHsin for Lilke nerryessa. 

The potential for stream pollution will be minimized by constl"lIction 
of carthem berms at nppropriatc locatjons along the dd]l p:!d sites 
",hich \-li 11 direct <Illy ;lccidental spillage of oil alld grease from 
·opernting faciJitirs into the waste disposal sun~s. Waste disposal 
sumps "ill be constructed I{ilh c<lpacitics to accomodate all of the 
liquid I'Tastes from drilling operations plus the maximuTil pr(;cipitatioll 
\'lhich could be expected to fall within its area. The sumps \':ill be 
operated Idth a minimum 91 Clil (36") of fTC,ebo~n'd above the liquid 
level at all times. 

d. Fish and Wildlife 

Direct impacts to resident \~i1dlife will be from the alter:1tion or 
removal of habitat for the construction of ",ell pads. pipeline 
installation, and ne .... ' access Toads. Displacement or elimination of 
the smalleT and !.lore sedentary forms of wi IdJife \:ill be the most 
significant impact. The affected aTca l-:i11 be a small fraction of 
Lease Unit No.7 \'lest CA lS62. 

No dril] ing muds or other fluids associated ".lith geothermal operations 
"'ill be discharged to any sm."face other than to the sumps, thus 
avoiding potential hazards to the aquatic life In Big Sulphur Creek 
drainage. 

Observations indicate that increased noise levels caused by \{ell 
cleanouts, testing, and standby venting. as well as disturbance from 
human activity had little obvious effect on wildlife usage of adequate 
habitat. (Neilson, et aI, 1976). 

The BLN Environmental Assessment Record of September 1978 states that 
endang~red and fully protected wildlife species sighted in the Geysers 
area, include the golden eagie, the peregrine falcon and the \\'hite­
tailed kite. The observed usc of the area for all of these birds 
appears to be for foraging. No nesting is knOl'o'Il to occur on or 
adjacent to subject lease. 

c. Air Quality and Noise 

The potential impacts of the project on air quality arc: (1) increased 
suspenrlcd particuJates from road a~d pipeline construction, vegetation 
removal. and vehic\llar traffic, 0) particulates generated during 
air drilling, and (3) production of hydrogen sulfide (1I 2S) during 
drilUng, testing and producing. The particulates from construction 
activities will be mitigated by the exercise of good engineering 
practices and by the "etting of problem dust areas \,hen necessary. 
Particulates generated from drilling will be abated by usc of injected 
water and a cyclone separ<ltor/lIluffler: Potential impacts from the 
prociuction of 112S \dll be mitigated as reqllired hy the Sonoma County 
Air Pollution Con1rol District. A Hydrogen Sulfide Contingl'ncy Plan 
was fon"ardetl with a cover letter dated July 26, 1977 and is on file 
at th<.' USGS office of the Geothermal Supervisor, ~Icnlo Park, C;llifol'nia. 
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Potential C'llvi ronm('ntal ilr.pacts by incT(';)sed noise lcvc1s exi:;t from 
the variolls con~;trllctjon and ddllinf, C'quipl:lcnt and frora testing of 
the \·:ells and pipeline'. ~Utjgatioll of engine noise \·611 be ilccontpljshcd 
through thc usc of mufflers on the air co:npresso1' and dril }jng rig 
engines. Noise during ai l' dri 11 illg l'Iill be abated by the cyclone 
muffler/sep;nator. Altogether noise from drilling operations, even 
thou!:h of on ly (,0- 90 da),s dura tion, ,·:i 1] be aba ted t u a 1 evel 0 f 6S 
dR(A) at a dist:ll1ce of 0.80 !:m (0.5 miles). Noise levels during 
pipeline testing (blo\\'dOlIl1) will not exceccl Ldn 55 <InCA) at locations 
approxim3tely 1.7 Km (l mi Ie) aI,'ay during each 12 hour test period. 
A "Report of Noise Associated wi t11 I-,'estsj de pOI'ti 011 of lfnit 13 blO1I'­
clolm" prepared by COllsul tants in Enginccrinr; Acollstics JUlie 12, 
1979 ~:as filed h'ith the Plan of Developmcnt Opel':Jtion, Geysers POHcr 
Plant 16, on AUi:ust 8, 1979. This report indicates that the sound 
levels from blo\·:c!OIVIl noise at Anderson SprinEs, approximately 1.7 Km 
(1 mile) away, wcre well bcloH the land use permit criterion of all 
Ldn of SS dB (A) . 

9. ~letllOds of DisEosing of Waste ~bterial 

Waste disposal for the proj ect 1·:iII he in accordance with methods described 
in Supplemcnt III to the Plan of Operation for Lease Unit No. 7 CA 1862 . 
submitted April 23, 1979. 

c. Plan of Injcction Operation 

At this time, the well to be selected as an injection. l,-ell is not kIlOl-m. 
Details regarding the well selected as an injector and exact line sizes will be 
provided in the: Plan of Production to be subnd tted at a later date. Conden­
sate from producil'g Hells will be collected through the collection line to be 
ins tall ed :Jdj acent to and Ivi th the main steam transmission pipe! inc s)'ster~. 
The collection lille will carry the condensate from production wells into the 
main injection line or the sedimentation basin at the pO\\eT plant sj te along 
wi th the condensate from the cooling tOl,rer. Condensate from the sedir.JenL\­
tioll basin Hill £10\'1 tllTough a non-corrosive line to a pojnt just heyond the 
outer perimeter of the pOI,cr plant si te and an epoxy c03.ted line from tha t . 
point to the lYell head. As described previously, a fail-safe, two-stage 
alarm system operated by an uninterruptable pOlwr supply ,· .. i 11 protect the con­
densate system from overflow. 

The condensate system l>'i11 be operated in compliance ,,,i th I~aste [lisch<lrge 
Requirements <ldopted by the Cali forn ia Regional Ivater Quali ty Con t 1'0 1 Board, 
North Coast Region. 

D. Environmental Concerns 

1. Rcgiona 1 and Loea 1 Gco logy 

The projcl't area is located ill the central ~layacmas r-!ollntains of the Califor­
nia COilSt RanI!es. Thl'se ranges arc knOl-:n for their complex geology, active 
and potentiall), acth'e faulting. l'up,ged tcrrain, highly erodible soi Is, 
and wicksprcau landslide conditions. 

The central ~1ayaeJllas ~!ountaillS ll:\ve hecn nt:lppc'd by R •• 1. McLaughlin (1978) 
3S n structurally complex, sOlltltl'a~t\{anl-Jllungil1g <llltiC'line (n'gionally 
upfohlC'd anu tilted la:ISS of roc).;). The C'l'o(kd corc of thi.s structl!re 
con~;ists of 1atl' M('!;o::oic sC'uil1lt'ntary, ign('olls alld 1:tC't:tr.lOl'phic l'ol'ks of 
the Franciscan ASsl·llIhlagc. S(..,uilllent;ny rocks ).;nOl,·ll as the r.rl'at Valley 
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Sequcnce, in places, overlie thc fr<lncisc<lll corc rocks but arc in part 
contcmporaneollS ill (l!!<'. Largc scale thrllst-faulUng alonr, the CO.1st Ranl;e 
thrust has placed the Gre.1t Valley Sequellce over thl;' Frandscan Assemblage. 
This thrust fault is chnractcrized in 1II0St arcas by the occurrence of 
serpentinite or other bnsic intrusivc rocks :11on£: thc base of the fault. 

North and ea:;t of the mClin Geysers area, rocks of the Franciscan Assemblage 
arc unconforlll:lbly ove1'lnin by TertiaT)'-QlIaterllnry volcanics of the Clear 
Lake Volcanic Scdes. I'iest of the Geysers, Franciscan rocks arc unconfor­
mahly overlain by Tcrtillry <Inc! QuateI'll;]ry sediments. Throll[:hollt the 
COllst Rangc of California, the Frandscan Assemh];]r,e has been severely 
folded, fractured and fnulted producint: an extremely complex mixture of 
rock types. Serpentinite and basic intrusive rocks ore common throughout 
the assemblnr,e. The distribution of these bedrock units in the vicinity 
of the si te is shOl>1.l on Exhibit "e", Geologic ~!ap - Appendix 1. 

The leaschold is entirely underlnin by rocks of the Francisclln Assemblage 
of Jurassic to Cretaceous nge and by rocks closely ossociated with the 
Franciscan Asse\ubJage. Regionally metamorphosed graywacke snndstone is the 
mos t preval ent rock type, underlying opproximatcly 70% of the area. It 
occllrs principally in the northern and eastern portions of tlte area, but is 
interbedded Idth greenstone in the Kcstenl portion. ~!uch of the: gray-.\'ad;e 
mapped in the central portion of the area, occurs os "tectonic blocks" \\'ithin 
a melange unit. Serpentinite, melange, and metllgn'.enstone underlie approxi-­
ma.tely 30?,; of the area, principally in the western pOI·tiou. 

·Melange occurs in a narrow band trending northwest across the central portion 
of the area, There are numerous in"c]usions or tectonic blocks of metagrll)"­
wacke, greellstone and blueschist \,i thin the melange. The. melange is in 
faul t contact I'li th metagraywacke to the northeast and south\\'est. A naTroW 
nort}lI':est trending band of serpentini te and melange a Iso occur along the 
eastern margin of the area. ~lctamorphosed ultramafic rock and associated 
serpentinites and greenstones occur along the western margin of the area. 
The rock unit as mapped by R. J. ~!CLatlghlin (1978) extends aortlll·:est along 
most of the producing trend of the Geysers. In general, the contncts betlvcen 
most rock unj ts wi th"in the area an' ancicnt faults. These faults r al though 
not sources for future seismic activi ty, have in man)" instances produced 
severe shearinr. nnd deformation of the ro,-ks immedi<ltely adjncent to them 
and have provided conduits for hydrothermal fluids \,hich have altered the 
rocks in their vicinity. Thj s hydrothermal alteration is app:n'cnt on the 
western portion of the lease. 

Shale units in Franciscan terrain arc locally common but not often seen 
in outcrop becollse their fr<lctured ond sheared condition tends to accele­
rate the weatherjng process to produce an obscuring layer of soi 1. The 
rebtive scarcity of outcrops in some of the areas r.wpped as underlain bj 
metagra).,acke and melange sug!~ests that shale may be a significant consti­
tuent within these units. Conglomerate units a.re also knOl\"Il to occur 
wi thin groYI,acke and metngroYKacke units. Thesc arc obscrved in outcrop 
in northeast portion of the area. 

2. Potcntj 01 Gcologicol Enginc('ring Ibzards 

a. SC'ismicitl. 

The Geysers KGRA is located in n T('gion known to be sei5mically activ~. 
The San Andreas, lIealdshllr!~-Rod!!('rs Creck, and ~l:Jacamn Faults arc tilt' 
closcst knOlm activ(' faults ~:ithill the region \{hich nrc capahle of pro-
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clueing (l:im:lr,jll!: ground ~Iwl;jng \·:ithin the study area. They are 10ca­
tt'd S3 J...m (32 fili), 20 kill (12 mi) and 13 km (8 mi) ~oUtlll~c~t of the 
study nrea, respectively. 

There ,Ire no l:no'.m ncti ve fnul ts tllroUf,h or closely adjacent to 
the project area. The Collayomi F;lUlt, \·:hich r.1:ly be nctive, located 
about 4 kill (2.5 Jili) cast of the pToject area, h'otllJ geJlerate till' 
greatest ground shaking due to its proximity. 

The lo.rgest historically recorded earthquake lihi ch affected the area 
" .. as the 1906 San Frand!;co Earthql1:lke \·:hich occurred along the San 
Andreas Fault. Lawson (1908) indicated ~lod.ified ~fcrcalli ground shaking 
intensities of VI in the vicinity of the project area as a result of 
this event. Little or no damage was reported to communities in the 
nearby region, 1!00~ever, the region was sparsely populated at tl10.t 
time. and it is possible that some shaking effects may llave gone 
unreported. 

The Heal dslllirg - Rotlgers CTC~ck Faul t , .. as the source of the 1969, 1-!ar,ni­
tude 5.6 and 5.7 Santa Hasa Earthquakes. A f.Iodified 1·1erca111 ground 
shaking intellsHy of V \':as reported in the vicinity of the Gcysers 
as a result of this earthquake ·(U. S. Department of Commerce, 1971). 
Little or no damage h'as documented. 

b. Landslides 

Based on field mapping and aerial photo study done by Harding-La~son 
Associates. numerous landslides of varying dimensions and degrees of 
activity wcre identified within the area. The location of these 
slides arc s!tOlm on Exhibit "C", Geologi c ~Iap - Appendix I: The 
nmjoTit)' of these landslides occur in the southern portion of the area. 
NumeroLls large. apparently inactive landslides arc assoc:iated I:ith the 
northwest trending melange belt which occurs in the centl'al and cas tern 
portion of the area. The association of landslides and melange 
terrain is common throughout the Geysers area and is due prim:lrily 
to the'lol{ strength of the highly sheared melange materials. C:orlstl'llC­
tion of drill sites in the area of the melange "ill be done so as 
to avoid these slide prone areas for the location of. well pads. 

Along the "estern portion of the area, hydrothermal alteration of ser­
pentinites and Inetaffiorphosed ultramafic rock has produced a large, 
active slide in the vicillity of proposed well pad location CA 1862-A 
(Exhibit flF", Proposed Locations and Pip.0lines - Appendix 2). This 
slide has been avoided for the location of the \~ell pad. Presently, 
a detailed geotechnical investigat:>m of all drill sites ill the vicinity 
of landslides is being conducted by Ilarding-Lawson Associates. The 
results of this study \'Iill be fileu as an addendulll to this Plan of 
Development Operation. 

Soil creep (the very'slol>' dOlmhill movemcnt of soil, probably a fC\1 
millimeters to centir.lcters per rcaI') appears to be very 10\1 'dthin the 
area. This se('mOo to be dlle to the vcry dense vegetation characteristic 
of milch of the area. Vegetation lind its root strlll::tlln~ telll!s to hold 
the soil in place, thus, limiting the alllollnt of dOlmslope movemcnt. 
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n. Surfacc I\'ater 

The project arca is part of the nig Sulphur Crcek elrainar,e :'Irea \·:hich 
supports severill tributaries thruughout its course. These arc mostly 
ephemcl'ill streallls h;lVinr, significant I'.'ater flow only durin~~ the "inter 
and sprinr. months; by ][lte slimmer lJ10st are dry. 011 the north side of 
Bi g Su J phur Creek, Cobb Creek, I klt Sprinr,s Creck, and two ullnamcd 
crecl:s \·:jtliln a mi Ie soutflcast of Hot Springs Creek arc pel'C'l1nial; 011 

the soulh side, three unnamed creeks, located hctl{cell the Geysers 
resorts and tho CClTlflUCIlCe of 1I0t Springs Creck \·,:ith Big SUlphur Creek 
and Tndtt Creek, arc perennial. Tributaries almost unifolTllr have a 
nortll(,il~; t: -south-·,;es t trend, the exceptions having a more n01'thcrl y 
course. Thus, they arc n01'mal to the dircction of Big Sulphur Creek 
and tllC st.ructural grain of the region: 

A small area' in the northeast corner of Sectjon 28 drains into Anderson 
Creek and uJtimately into Putah Creek l\'Ilich [Ol1llS a part of the I';atcr­
shed basin for Lake I3crryessa. 

Steep slopes and J 01 .... substrata penneability offer a limited reservoir 
for storing precipitiltion. Underlying TOck is generally not conducive 
to infi ltnt ion frorn rerco 1 at inf, soi 1 water. During the rainy period, 
short, ephemeral streams augment local stTeam flO'.~ causing runoff to be 
highly respollsive to rahlfall amounts. As a result, lVatel'Ha),s arc sub­
ject to rapid increase and decrease of flow rates. 

b. Ground I\'ater 

No regi onal ground\\,ater aquifers of significnnt yi e lei have been report eel 
to date in the underlying rock formation of the t-Iayacmas ~iol!ntains in 
the Geysers area. FTanciscan rocks are generally classified clS nOI1-

water bearing. They are considered impermeable except along fracture 
zones "hich locally yield small quantities of \\ater to spdngs and Hells. 
The presence of cold springs a~d seeps indicatcs some ncar surfilce 
groun(h,~ter. Sprinf.s ,md seeps are partj cularly conunon in landslides. 
Significantgrounth·:ater resources are not knmm to exi st on or in the 
vicinity of the project site. All construction, howover, will be 
completed pursuant to specifications for protection of groundl,ater 
resources. 

4. l-leteorol0lI.~ 

Clim~ :e of the Geysel's Region is a mi ld two-season type wi th .:et winters 
and dry SUlnlllC'rs. l-10st precipitation occtlrs October through ~lay, \d th rain 
predominating. The dry season t1sua]]y occllrs June through September, and 
is long enough for soi 1 1ll0istuI'c to be depleted producing dry range lands 
before fa] 1 raj ns comiilcncc. 

The complex terrain of the Geysers Region is a major factor affecting 
local clim;lte. Interplay between terrain and climate is reflected in data 
from the ~In':l's several 1I~l'teorologjcal monitors. 
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The ~Iayaclilns HOllnt:d/l~ ridge deflects incoming nl;1rine air, thll!; producinp' 
temperatures ,,.ithin the Geysers T<.'r,jon relatively contillellt~ll in charactC'l'. 
Interpolatillg frO/:1 Elford (196 /1), temperature pattern ot the project site 
is: 

Jalluary moall minimum temperature 
,TallU;]ry nW<l1l maximum telllpvraturc 
LOHest observed tClIlperntllre 
,Tuly mean lIwxj I;illl:l tempcrnture 
July lidnimul!l tcmperature 
Jlighest obscn'ed temperature 

oOe (32°F) 
13°C (55°F) 

_lOoe (14"F) 
30 0 e (S6°F) 
9°e (tlS"'F) 

43°e (109°F) 

Average 1'olnti1.'e humidi ty at the Geysers Tangos from 13·~ during the driest 
months til' to 80". ill the winter. 

Potential allnual moistllre utilization in the project area is about 75 em 
(30"). Stored soil nl8istllrc usually is depleted by early June. 

Wind speed generpl1y increases with elevation. At elevations below 300 m 
(lOOO') annual average "ind speeds, excepting calms, are 3 to 5 kph (2 to 
3 mph). Ate I eva ti on s of about 7(,0 1lI (2500 ') avenge speeds range bet\\een 
6 and ]0 kph (4 to 6 mph). At and above 915 m (3000') elevation, the 
average exceeds 16 kph (10 mph). 

Frequency of calms (,,'inc!s less than 2 to 3 kph) (l to 2 mph) var1 es from 
55% at stations beloh' 610 m (2000'), to less than 0.3Q

.; at exposed elevated 
peaks. At 1011e1' elevation stations, highest frequency of calins is ill winter, 
and lowest in summey. ' 

Directional frequency distribution of local \'lind floll' is more complex. 
At higher elevations (915 m) .(3000'), yearly average directional frequency 
is either from the NE -t 45° or Sll' + 45° nearly all the time. This bimodal 
distribution is obs(;yvcd in all seasons, but with the NE quadrant slightly 
favored in winter, and the SW quadrant stTongly favored in summer. 

At IOl-.'er elevations, local terrain effects beco~!C: increasingly important 
in determinIng directional distribution. These effects are of tll'O t)1)es: 

ChanneUng of moderate :lnd stTong flol'ls ,dthin valleys and around obstacles, 
and buoyancy driven slope flOlvs consisting of upslope flOlv over sun he~ted 
surfaces and dOll'l1slope nocturnal floI'!. LOIO[ elevation "ind frequency dis­
tributions also tend to be bimodal, except that preferred directions arc 
defined by local topor,raphy and, thus, vary considerably from site to site. 
With the exception of low elevation stations ·located in valleys oriented 
NE-Sl\' or on slopes \Vitll a fall line dO\'iJ1\Yard to the Sl~, very Httle simi­
larity is found betl'loen directional distribution aloft and that at 10ll'er 
elcYati0.ns. 

As implied by the rate of buoyancy mentioned above, the bimodal distri­
butioll frequently obs(:n'('d at 101l'er levels is also diurnal, (i.e. each of 
the preferred direct]ons is generally limited to a particular time of 
day). The eXilct local varlntion depends 011 slope orientation on or belOlY 
which the monitorillg st:ltion is located. At a lOll' elcvntioll site on or 
below east'~:lnl facing slopes and 1I0t in a N-S oriented valle)', the typic:ll 
seque'nc(' of ('\'ents is: J.'n'dah'l1 ,':('stcl'lics (dmmslopGs), midmorning e:lstcl'­
Iil'S (upslope), and afternoon throli!:h ('vening $olJthll'l~stcrli('s (~;ea breeze). 
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On wcstl-:aru facing slopes, early mornjlli; fJO\~s arc normally easterly 
(dOlmslope) heCCJ1;llng westerly (upslope) ill the Intc n:ol'llinf" folloh'cd by 
morc sOllthl\cstC'rly fJOh'S through cvening (~,(-a vrecze) .. [lOl\nslopc, drainage 
£lOl;s arc best deve!ojJcu in I{jntel-, and upslope and sea brecze flOh'S arc 
stron[;C'st and 1II0st frequC'nt in summer. 

Direction:!l frequency of high ('levaHoll flml5 at the forl'1er meteorological 
station nearest the project area (SIU-2, I'las located 0.8 knl (.l.S mi) to the 
soutlj('ast has the typi eil NE-S\'l bimodal distl'iuution alld seasonal \'aria­
bjlity. SRI-2 I':as rc-lIloveci in fcbnl[lry 1979 after three years of monitoring. 
In summer, frequ(,ncy distribution is dillrl1~ll, I'lith northeasterly I;inds 
ohserved only heth'eell nd(hdp,itt alld noon. In I,-inter, no slr,nificilllt 
c.orrelation beth'cen t~\\' floll's <lnd thlC of day can be established. 

5. Soils 

The Environlilental Impact Analysis liThe Geothermal Leasehold of Union 011 
Company at the Geysers, Sonoma County, California", Ekovie'I':, Pebruary 1975, 
overlaps FedeTal'Lease Unit No.7 \-;est CII 18(.2, Soils on the Leasehold are 
identified by tlJC> Ekoviel~ Report as Josephine, ~13)'men nnd Hugo Series. All 
three of thc !;oils nrc Tefen.,llccd by the USDA Soj 1 ConservaUon Service 
1972, as having Id gh pCllflcabi I i ty, good drai llage, high susceptibility to 
erosion and fnil' to poor std tallili ty for veget.ation. 

6. Bio-ta 

a. Fauna 

According to the Environmental Impact Analysis, "The Geothermal Le~lse­
hold of Union Oil Company at the Geysers, Sonoma COlIllty, CalifoTnLl" 
Eko\'iel'l, February, 1975, a Hide variety of habit,lt types are foulld ~!ithin 
the leasehold. These include rock balds, chamise, live oak-buck brush­
manzanita, silk tassle-manzanita-oak, h~y madrone-canyrnl oak woocllnnd, 
digger pine-shrub, knob cone pine \wodland, and canyon oak-fir-pine I-Iood­
land. 

The Ekovie\\' report, \{ldch overlaps and jncludes the area of Fecl",-'al 
Leasc Ul1it No.7 Il'est CA 1862 Id.thin its baseline collection bound:u}', 
identifies t\\O amphibian species, ten reptile specic-s, thirty bil'd 
species, nncl twenty-onc maJilllla] species as 'l'eclllT_ing h'Hhin the clwparral 
habitat similar to the project area. 

The only threatened or endangered Idld} i fe species knoh11 to exist wi tId n 
the project area is the peregrine falcon (Falco perq;rinus). The 
peregrine falcon has becn observed flying in the vicinity of the project 
area on sever:ll occasjons. Thc "Rel,Ol't of Survey to Octermine the Status 
of the Perer.rint' falcon (falco peregrinos anatum) in thl~ Geysers area 
(Cobb ~lo11nt:till) of Sonom3 and Lake Counb cs". Ill'. !:elllleth E. Stager, PhD. 
April 25, 1977, failed to disclosc any inclic:ltion of the prc-sclIce of the 
Amcrican perc-grille falcon [rom February 2, 1977 through ~!arch 31. 1977 
and concluded tll:lt "Gcothcnn:ll development in the Cobb 1-lulIntoill arc;] is 
cxertin!; no dc-trillll'lltal impact lIpon the h'dfare of the {'ndangel'cd 
Amcri con peregrine fa 1 can". 

Additional quantit:ltivc stuuies related to the l\'ildlife habitat of 
Fl'dl'ral I.e;l~;l' Unit No.7 lI'cst wi 11 be cOlllpl(·t('u prior to submjs~~ioll of 
11 Plan of ProdlJct ion :lI1d pursuant to 30 CFH 27(1.~'1 (1:). 
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A slllnll perccntage of the le,lseilold \:ill he lost as hnbitat as a result of 
the prol'c'sC'd pipeline access road and \~cll p:l<1 construction. Wildlife 
species directly ir.lpactcd h'ill be the sm:-tlJer, more sedentary species such 
as fence 1jz,lrds, S:lliU;wnders, small hirds such as II'rcntits and rufou~;sided 
towhees, and SIll:lll rodcnts. lfabitat for a fCH individuals of these com:nOll, 
'videspreild fonlS 1·;i11 be lost to the Jlopulation. Those\species 1\'Ilich arc 
adapted to open or "edge" situations may Dc-nefit bccmlse of their Dbilit.)' to 
tltiljzc fill slopes and road sides. These would probably include deeT mice, 
1Il0llrn:ing doves DI1(1 Slll;tl J birds that feed upon gr,lss ,lIld weed seeds. Irabi Ull 
and 1·:ildUfe corridor dist.uri>arlce from pipeline construction should be minimal. 
Cat.tle continue to r.raze in areas I,here pipelines have b{'ell constructed and t.o 
",alk under raised pipes. Deer and other mammals Iwuld be expected to do the 
same. 

Noise leve 1 s and human eli s turuDllce wi 11 increase, esped ally during si t e 
cOllstrllction. This is expected to cause minor and in some cases only 
temporary reducti"on in habitat useage. 

Noise and disturbance from drilling operations may have SOr.lC adverse impact 
.on fauna hy discollraging the usc of adjacent habitat. During the 60 to 90 
day period required for drilling a \\'ell) the maximum noise levels expected at 
the edge of the pad (about 50 m (165 1

) from the rig) arc 75-85 dBA. At 200 to 
250 m (6S0 to 820 1

) from the rig, noise levels should be well below 6S dBA. 
Bet~ecn the latter distance and the edge of the pad, some reduction in bird 
nesting and feeding activities may occur but other animals \\'ill probably be 

. unDffected. Well cleanout and production testing may produce noise levels of 
8S to lIS dRA at the edge of the pDd, depending on the' noise 'control techno­
logy employed. The behavioral responses of l~iJdlife to noise of this intellsity 
arc not well wlderstood but, since'it would be of brief duration. no serious 
impact is expected. 

During operation of a steam supply field, ambient noise levels in ",ildUfe 
habitats adjacent to development generally range from 4S to 6S dBA. On rare 
occasions, large amounts of steam may be vented from one or more wells. Noise 
levels mar roacl. 100 to 110 dRA for periods of a few hour~. Because of the 
short duration of sl1ch exposures, no serious impocts on \\ildlife are expected. 

The potenUal exists for accelerated erosion, especially e1uring site construc­
tion. This could result in the siltation of Big Sulphur Creek drainage Idth 
deleterious effects 011 the fishery and benthic invertebrate fauna. The magni­
tude of these il!:~\acts depends upon tho success of mitigations such as revegeta­
tion. 

Accidental spills of drill wastes, conden~ate, petroleum and other fluids rudY 
occur I,hich can cause adverse impacts 011 fish and aquat ic life j f they enter 
stre:tms. The bcntonite clay in drilling mud is of particular concern as are 
toxic m:tterials and heavy metals (arsenic and mercury) found in geotherm;ll 
fluids. 

Since faun;\ is dependent upon vegetation for food anti cover, damage to vegctn­
tion from develop::lC'nt I,ill affect Hildlife indirectly. Severol conditions lila}' 
leiltl to t1ama!:e. Settling of dll~t from rO:lds. construction ",ork, and particu­
Inte emissions on leave'S m.1)" calise n declim' in vi~:or ::Jnd proullctivity. 
Increascd hllJlliditi('s and release (If hiosensitivc materials sudl ns boron frolll 
steam v(,llting may C'lllse a lkclillt' in vegetation. lli\'l'ct venting of stC:lIll loan 
C;llISl' damage and death to :tdjacl'llt Vl'!:l'tatl01l. 
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Ril'arinfl corridors and I,'ater SOUl'ces. such as streams and sprin!.:s nre or 
critical importnllce to wildlife, The effl'ctive mitigaUon is to avoid 
developlnent Hhencver possi bJ e in thcsc areas. 

Large 'conifer sna~s and other dead, hollo~ trees should be protected because 
of their importclllce ;IS nestinr. and perching sites for lilany bird species. 

Erosion potential she>uld be n'dllceci by exposjng as Uttlc surfncc area as 
possible during construction and grading. Steam pipelines will be aligned 
to the maximum exlent possible along acces~; roads to reduce clearing require­
ments. Once Holding operations arc completed, the nine mctC'rs (3~') clenring 
initially required nlong ~ipelincs will be revegetatcd with native grasses. 

Other mitigations that I~ill help to reduce or eliminate the impacts of the' 
development 011 fauna are: 

b. Flora 

Toxic. material control throllgh caTeful construcUon of sumps and J;lain­
tenance and operation of condensate pipelines. 
Dust contTol by sprinkling work sites and roads \·;ith water or other 
acceptnble dust retardant. 
PaTticuhlte emission c011trol by usc of I':ilter injection in the crc.lonic 
muffler during air drilling and' production tests. 
Noise control by circul ation of steilm di scharges through ef:fecdxe 
mufflers. 
Venting damage control by diTecting steam away from vegetation, and by 
erecting temporary shields bet\\'een the steam source and vegetation 
where necessaTy. 

111e flora of Federal Lease Unit No. 7 West is an aggregation of cowlTIuni-
ties that arc common in the ~!ayacm3s ~!ountaill Range. These communities have 
been described in detai 1 elsel,here (Neilson, et a1). In general, these 
communities reflect changes in soil types and soil parent material, but their 
composition is usually modified by slope a~pect and to some extent disturbance. 

~:here serpeIl,tine is highly concentrated, b:I1'rcns occur Hhich support SpGTse 
communities of serpcntine jCI,'el flower, nGked stemmed budd,heat, Sllo\{ mOlintGin 
bucbdleat, birds foot fern, and occasionally Solano mi Ib~eed. 

Grayw;lckc derived soi 1 s have a much Idder range of communities, although, 
ecotones arc common where serpentine underlies grn)'\"acke at relatively s1lal1011 
depths. 

BrushlLllllls occur in large stnnds over much of the study area, Exposure and 
soil typc arc critical factors in segrer,ating brushl~lIlds. South [Inti southh'est 
facing hillsides on sh:llloH graYI,'acke soils slIpport chamise cOlnllltlllities. Pure 
chmnise occurs on the hottest, driest and thinnest soils. As soil mnnt]c 
inn'eases, buckbl'lIsh, Eastwood's monznnita and moulltain mahogany hec(';ne coclomi­
n:mt. Ridgt' tops also support silktassel brlJ5h. North f:\cing slopes $t1pport 
shruhhy 1 ive oak communities and Hhere soi Is arc best devt'loped some' of these 
eventually de\'elop into on!; W(lOd],llllls or DOll!:I:ls fir forests depending on fi re 
frcqll(·IlCj'. Shrubby live oak COlilltlllnitics vary considerahly in composition hllt 
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characteristically jncllldc East\wod's or big man:'.nnitas, \,nvy leaved ce;!Jlothus, 
coffeC'berl')" ntollntnin m:tllUr,any and bllclbrush. [leer brush, Califonl.ia Ilutmeg, 
pay and lIt:l_drone ~11s<.> occur 011 lIIorc l!Ioi st sites. 

Knobconc pine \-Ioodlands :Ippe:n' to occur r.lOstly jn response to frequent burning 
lind secm to he more or less indcpClld('llt of soil type and exposure. They ha\'e 
a wide Tange or assodates dependillg on pre-hurn communities. Closed stands 
contain Easth'ood' s manzani ta as an understory. 

A survey of Tare and clHlangered pI ant species has becn conducteJ by Alilinoil's 
Tc\,ctetaUoll consultant, !{alph O:~tcrJil1g, dudng tlw period April to June, 1979. 
The ground area covered by the survey l\';JS agreed upon by BU.I and USGS personnel 
and is incficatelJ on the I'Lip Exhibit "I" hy the green shaded portion. A copy 
of the report ,\'ill be fon.;an]cd under separate cover to the USGS Offj ce of the 
GeotheTinal Supcrvisor, ~[en]o Park, California, "hen- it is completed about 
October 31, 1979. 

Potelltial adverse impacts on flora frolil tIle proj oct include: 

Vegetation removal with potential cmlco8itant increases in soil erosion, 
indj gcnous nutJ'j ent lo~;s, ,\'atershed effects, and wildlife rc:tdjust 1;lent5. 
Direct scalding or condensate adsorption nnd absorption of boron and 
other salts into jJlant tisslle. 
Accumulation of salts and sulfur compounds froni fl2S emissions, condensate 
water, etc, in plont tissues. 
Increased potential of I-lildlife from human access and act:ivity. 

"Ii tigati elllS 

Nitigations applying to vegetation to lesseri the impact of development include 
avoidance whenever possihle of critical areas-Cincluding steep slopes, populations 
of species of special COllcern, and mature stands of forest trees), re-cstHblish­
ment of vegetation on denuded a1'eas, or TeTlloval of above ground portions h'i thout 
destroying the regenerative crO~l along the pipelines. 

Populations of rare or endangered spcc:ies and most species of special concern 
wj] 1 be avoj cled or D11propriate rai tigatioll measures will be fo] lowed ,·:llere their 
presence is posit:ivcJy estithlisheu. Pipelines will fOl1CM existing roads \·;here 
pos5i b 1 e and hence 3voi d ne\\' eli sturb,lllcc that \·:i 11 increasc ovcra 11 j mpact . 

Re-ostabUshlilent of Ve('etation 
~-~-

Full To-estab] lshment of native conlllllllll tIcs :ollOldng geothel'lll!ll development is 
tin I j ke] y \\'IIere ground stir faces arc di "t urbeel. Ten yea 1'5 of t es t ing and f,eneTa I 
lIpplication in the Gc-ysC'rs KGRi\, jndicates the est<lhlishment of h;1rdy perellnia1s 
and a numher of native anllu:lls and weeds has had the f.rL'atest success, Both 
native and nOll-n;]tive species .have beell successfully est,d)l j shed on some (lJllinoi] 
properties hy making a careful selcction of spccies bascd on their adapt;lbility 
and by providing professjonal care over the first criticill year. 

Gra)'\~ac\;c materbl is very poor nutritionall)" and has vcr}' little I-later holding 
cop:Jcity. Jo!;C'pJdnc, ~b>'I;len, Ifll};o and !;imilar soils do better in support of 
rcvegetation :lJld the est,lhlishli\cnt of native shrubs parUally hec:llls(' they ilre 
morc common 011 north and cast faein!! slojlC's that ;Jrc not so ,,'a1111 and dry. 
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Almost no results C;)II he expected on serpentine soils, which are inhercntly 
poor ("Ind coarse. A f('\~ nativc sped es can he l"C,-est(lblished ~;lIch as 
squirrcltai J l:ra55 ;'Inc! ouchlheats. 1100{ever, evell ll:ltllnl1 COll!llIllllities are 
sparse and groHth is lIsually measured in dcc("ldcs rath~'r than years. 

Since the Forest Servjce requires ;19 lI1eter (30') cleared p;)th.for fire pro­
tection along pipe]in(' routes, revegetation C;lll be effecth'e only by aJloh' -
ing crol\rts of shrllos to res prout ,!Ild then nl;)int;)in a close pruning prograr.1 
to restrict gn1h'th to 30 cm (12"). f.n ;tlternaUve method is to reseed ld th 
native gr("lsses or ;1ccepUI!llc mixes th("lt include: BbllClo brollle, 1d;1I1O fesc-lIe, 
California fescllc, H'tl brome, \>Iooly sllnflOl,er (Erjoplarlum lanatum), and 
pubcsc('nt Idl(.':at grass. 

Sped os that \'Iere commonly used for food and medi.cinal purpo"es by Indians 
of the an'a do occur on the study arcn. Pines, parti cuI arly Dj ~;r.er and . 
yell0l>! pine, provjded llutS, hmlever, neither species is parUcularly ilripor­
tant on the leasehold nor uncommon in these mount:1ins. Similarly, sever;:il 
medicinal plants ("Ire knOl'il1 from the area: Yorba S;ll1ta, Pitcher sage, and 
coyote mint. AU arc very common and need not bc" specially protected. 

Torrellt sedee and the bark of several trees and shrubs \\'ere used for fibers. 
As 1'Ii th the other species, all are comlllon and widespread. 

7. Cultural Resources 

The "Archeological Assessment of Cultural Resources on Geothermal Leaseholds 
in Lake anel Sonoma Coun6es, California, Burl1l3.h Oil and Gas Company" (noll' 
Aminoil USA), Ann S. Peak, Consulting Archeologist, October 197!/, included 
the portions of Sections 21, 28 and 29, TUN, RSII', ~lDB & H, which make up 
Federal Lease Unit No. 7 West CA 1867.. Results of that survey concluded 
that no archeologic;d sites l,ere located \vi ttd II the boundari es of Fcder;]] 
Lease Unit 7 \',est anc! that no impact on cuI tural resources would be expected 
by construction of gcotlw1'lIl<ll facili ti05. The l'eport \\'as completed under 
Federal Antiquities Permit No. 74-Hf-OJ6 October 1974 and is on file 
with the Office of the Geothermal Supervisor, ~Ienlo Park, California. 

The Envi rOllmen t a 1 ImpJ ct Report "The Geotherilla 1 1,e<15('h01 d of Uni on Oi 1 COI:I­
pany at The Geysers, Sonol1lJ County, CalifoTlti.a" Ekovieh',' February 1975, over­
laps and includes 1\'1 thin the boundaries of j ts ba~;el ine data collection 
area the portion of Sections 21, 28 and 29 h'hich cOlllprise Federal Lease Unit 
No. 7 West. The archeological secti on of that report was compl pted by Il:Ivid 
A. Fredl'ickson, Department of Anthropology, .Sonolll.:l State University and 
failed to locate any archeological or historical sites Hithin the proposed 
proj ect are'l. 

Field \..:ork for Cultural Resources Evaluation, ",hi clI l'Iill supplement the 
existing studies including a paleontological investigation, ethnographic 
nnd historic overvic,,,, historic sitp invclltory, in\'C~ntory of native 
Amcdc;)Jl s;Jcred. relig.iollS ("Ind cultHral sites and detennin:ltion of any 
Native AI;lCrical1 Socio-cultural value~; associated Idth the project a1'(,:1, 
was completed in August 1979. The study is bein!: dt1ne by the Cultural 
Resollrces fncilit)', Anthropological !aIJ.lil's Cent('r, Sonoll1(1 State University, 
Acadcmic Foundation, Inc. Lind a copy of the Finnl l~t'port, which is pxpe('ted 
in late October. 1979, l-:ill be forH,lnlet! upon rl'ceipt. 
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8. o.l1'rel:~_ and 1'~5:'::.l:cctive L:ll1d IIsC's {Ind._Local Economy 

The site vidnity is pre:.ent J); committed to geotheTl!!::!] develoJllOicnt. hy County 
lise permit. The nearest provcd fjeJd, PGandE's Units 9 and 10 developed by 
Uni on Oi 1 Company bordoTs the Leaseho 1 d~, to the llorth\10st. Rccrea t.i on:1l us es 
such as fishinz, hunting, IdU.ng, etc. also ocellI'. /.lerclll)· has becn r.Llncd, 
but the 9 mines in the Geysers area, are inDctivc. Ste(,p tcrrain, 101'1 ferti­
lity soils [mel Limited I<ater supply severely constrain potenUa] land llses 
in the immediate area. 

As Has stated previously, in the sectioll on "Steam ReseTvoir Adequacy" the 
Leasehold hns productive \·:dls on t.hree sides; west, south and cast. 

The Leasehold is at a relatively remote location; the easteTIlnlost boundary 
being approximately 3 km (2 mi) from the nearest residential community, 
Anderson Springs. The Environmental JJijpact Analysis "The Gcotherlilal Lease­
hold of Union Oi 1- Compnny at the Geysers, Sonoma COllllt)', Cal i Forni 3" Ekoviel\' 
February, 1975, states t.lla t 11 According to the pattern of developers in the 
area about 70~; of theil' personnel arc drawn from· indigenollS sources. lIence 
{he overall influence on direct population patterns is negligible, at least 
for some tillle to come". 

Contingency plans for (1) Emergency Accidental Spills Dnd Discharge COCltrol 
Procedures, (2) Emergency Fin~ Control Procedure, (3) Hydrogen Sulfide 
Contillf:ency Plan anu (4) Blol"out Contingency Plan were fOi'\·:arded Hi th cover 
letter dated July 26, 1977 and arc on file at the USGS Office of the- 'GeothCTlIlal 
Supervisor, ~lcnJo Park, California. 

F. Pub!i~. Heal th and S3fety 

Project. oper3tions \dll be conducted in a manncr I-Ihich provides the maximum pro­
tection to the overall enviTonr.lCnt. Necessary precautions viiI 1 be taken ane! 
public access Hj 11 be TcstTicted in aTeLlS \,'here l'equired to PTOtcct the pul>]ic 
health and safety. Wal'ning signs, fencillg, barricades or otheT safety measures 
will be taken when and ",heTe decllled necess:ny. 

Employees I{ill be provided \~ith portable sanitary facilities, bottled dT:inJ:ing 
water, sound pressure protective devices, a first aid facility and hard hats 
will be I-Iorn by all construction and drilling personnel I-lh.i1e on location. 
Radio and telephone communications I{ill be prodded for emergency situations. 

G. Environmental Data 

A subst;!lltial amount of environmental basel inc data no,,' C'xists \·:hich would he 
applic;tl>lc to the project area. A data )'evicl-l will be made and I,'here necessary 
monitoring proCl'ams will be initialed and additional bascline data will be collected 
and submitted Idth the subscqU('llt Plan of Production pursuant ·to 30 eFR 270.3-1 
(k). 
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H. SclH'dulc of Opcr~~~ 

St<lTt of Construction 
(Drillillr. of Hells under 
P}nJ1 of Development), 

Completion of Construction 
Stnrt of Co~mcrcial Operation 
I.He of Proj ect 
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~fn)', 1980 

Decemher, 1983 
January, ] 9Stl 
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