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UNITED STATES 

DEPAF<T~v'lENT or THE INTEF< lOR 

GEOLOG ICAL SUF~VEY 
l\reil Geothermal Sup!~ r"isor's Office 

Conserv(1 tion Division , MS 92 
345 Middlefield Hoad 
Menlo Park, Ca 94025 

APR ~, G 1S79 

To: Interested Parties 

UN8lJE~Snf @f M1fl~~i 
. RlE$ItJU~rG~ ~f.1~n~lJn'[t 
URi~~ sC;!t~~e fL~[gl . 

Fruln :j\ctin[~ Area Ge othermal Supe rvisor 

Subjec·t: Plan of Operation for Development and Production, 
Union oil Company, Geysers-CCllistoga KGHA , Lake and 
Sonoma Counties , Ca. 

Union Oil Company has s ubmitted il Plan of Operation for Developme nt: and 
Production in Ctcc::ordance \·,ith CFR 270.34 to prepare Ft dri ll site and 
drill well no. 35A-12 as a make-up wel l for Pacific C;as and Electric I s 
geoi:hermal po\Ve).:' plant Units 5 and 6 /. on private surface l and (Stoc kraising 
and Homestead Land ) (Federal Lease CA-5G34; in·the Geysers-Calistoga KGHA, 
Lake · and Sonoma Couilties, Ca. A copy of the Plan of Operation i s attache d 
for your review· and files. 

l\n Environmental Ana lys is (EAlfl23 -9 ) will be prepaJ:ed by the Office of the 
Area Gcoth e nra l Supervisor for the propose d action. 

Since the subject Plan does not pl:opose any s urface di s turbance beyond 
the confines of the existent drill site, no significant environmental . 
impact. is anticipated and no field inspection: is considered necessary for 
this proposal. You are encouraged , howev er , to visit U1e sit e at your own 
convenie nce . Additiona l informa tion conce.:r:ning 1-.11 e proposed operation 
can be obtained from Ted Hud son I Santa j~os u I Distric i.: Geothermal Supe r v i sor.. 
(Te l: (707) 525·- 4326 I F'rs: 450-4326 ). Visit_ors should inform the Santa 
Rosa office when they propose to be on the site. 

We urge you to send written cOlmnentary and \"i11 appreciate hearing from 
you even if you are o f the opinion thut the existin9 :r:egulaLi.ol1 f; I l ease 
tenus, and operational orders provide ad0quate e nvironmental protection. 

r 



All conunents conccr.ning the proposed actions should be received no later 
than April 27, 1979: 

Area Geothermal Supervisor 
U.S. Geological Survey - Conservation Div. 
345 Hiddlefield Eoad 1>15 92 
Menlo Park, CA 94025 

Tel: (415) 323-8111, Ext. 2848 (FTS: 467-2848) 

All comments will be <;;riven serious consideration in the preparation of the 
Environmental Analysis and any subsequent concIi tions of approval. 

The Area Geothermal Supervisol:' s Office will not send a draft Environmental 
Analysis to interested parties for review for the proposed action. Certain 
parties, however, such as the surface managing agency, the leassee, GEAP 
and USFVJS \.,ril1 recai ve a copy of the completed EA. Other interested parties 
will not receive a copy of the final EA unless such parties com_ment on the 
proposed action in wri t-ing or reqUGE;t a copy of the particular EA pursuant 
to the Freedom of Information Act. Copies of Environmental Analyses are 
available for inspection during normal business hours at the Area Geot_hermal 
Supervisor's Office, t_he Santa Eosa Dist-rict Geothermal Supervisor's Office, 
and the Ukiah BU1 District Ivianager' s Offices. 

AttadJment 
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PLAN OF DEVELOPMEN'l' OPERATION 
AND 

PLAN OF' PRODUCTION OPERA'rION 

LEASE NO. CA-5634 
SECTIONS 2, II, and 12 T lIN, R 9W, M.D.B.&M. 

BIG GEYSERS, SONOM.1"\ COUNTY T CALIFORNIA 

UNION OIL COMPANY OF CALIFORNIA 
GEOTHERlYlAL DIVISION 

2099 RANGE AVENUE 
SAN'rA ROSA, CALIFOHNIA 95406 

(707) 542-9543 

Proposal to commence operations for development and pro­
duction of the geothermal resource on Lease No. CA-5634 
with a production well, related pipelines, and testing 
and surface facilities necessary to supply steam for the 
production of electricity. 

Estimated Starting Date: June 1, 1979 

Estimated Completion Date: Life of project expected to 
be in excess of thirty years. 
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UNION OIL COMPANY 

PLI\N OF DEVELOPf.mNT OPERA'l'ION & 

PLAN OF PRODUCTION OPEf\l\TION 

UNITED STATES GEOTHERMAL LEASE NO. CA-5634 

BIG GEYs..~RS f SOl'1Oi'1A COUNTY r CALIFORNI1\ 

PLAN OF OPERz\rrION 

SUMMARY OF Pf\OPOSED AC'l'ION 

Union Oil Company proposes herein to commence production 
operations on Ottoboni Federal Well 35-12 (O.F. #2). The 
Plans of Development Operation and Plans of Production 
Operation are submitted in accordance with 30 CFR 270.34. 
Draft GRO No. 5 has been used as a content and format 
guide. 

Ottoboni Federal Well 35-12 (O.F. #2) will be directionally 
drilled from Ottoboni Federal 5-1.2 drill site. Union 
Oil Company plans to use this well as a make-up well for 
PG&E's geothermal power plant Units 5 and 6. 
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I. PLAN OF DEVELOPl1EWl' 

1. LOCA'l' I ON 

a. Placement of Propos~d Operation 

Attached hereto and made a part hereof as 
Exhibit A is a lease and vicinity map (A-I) 
and a more detailed map of the development 
area (A-2), which displays topography, drain-
age patterns, well locations, existing ac-
cess roads, and power plant site. Per listed 
criteria in draft GRO No.5 2.E (1) (a)-(g) f 

Ottoboni Federal Well 35-12 (O.F. #2) is spaced 
such that optimum production can "be ob"tained wi th 
a minimum number of wells. The well will be 
drilled from the same site as Ottoboni Federal 
Well No. 1 resulting in a minimum disturbance 
to the surface ahd protection of the environ-

'ment. 

b. Site and Access Prep~~ra tio~ 

Attached hereto and made a part hereof as 
Exhibit B is drawing No. 3241 sheet 1 (B-1) 
and sheet 2 (B-2): Ottoboni Federal 5-1.2 
Location site Plan. Exhibit B displays 
engineering plans for the site expansion, sump 
construction and existing road alteration. 

An investigation including detailed geologic 
mapping and exploration drilling of three shal­
low borings was perfonned on February 1-2, 1977 
to assess stability "an] foundation conditions. 

The exposed rock in adjacent road cuts near the 
Ottoboni Federal Well No. I indicate that the 
topographic nose which the well is situated on 
is underlain by in-place greenstone rock. The 
rock is highly fractured and laced with many 
small shear zones which are intensely weathered. 
Between the shear zones, the rock is moderately 
to highly \vcathcred. '1'he fracture spacing is 
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very close but the individual fragments bet­
ween fractures interldck. Shallow landslide 
deposits occur in both the east and west flanks 
of the nose and could be distinguished from 
the in-place rock in the road cut. 

All three exploratory borings confirmed the 
presence of in-place greenstone underlying 
the topographic nose. The borings mainly 
penetrated intensely sheared and fractured 
rock. Landslide deposits composed of green­
stone debris were delineated on both the west 
and east sides of the well site. The land­
slides do not affect the well pad. 

2. GEOLOGICAL AND GEOPHYSICAL DESCRIPTIVE INFORt1A'1'ION 

Ottoboni Federal Well No. I, closest to the pro­
posed well, has penetrated reservoir rock, but 
it is believed that it has not been drilled com­
pletely through the reservoir. The southeastern 
corner of Lease CA 5634 is expected to be pro­
ductive, however, reservoir thickness is not 
known. The rest of this lease will be the sub­
ject of future exploration. 

Ottoboni Federal Well 35-12 (O.F. #2) is expected 
to encounter the following lithology when drilled: 

Surface to 2200' ± 
2200' to '1'. D . 

Greenstone Fq 
Graywacke Fs2 

For a detailed discussion of lithology pl~ase refer 
to USGS Open File Report #78-389 by R.J. McLaughl~n. 

The reservoir rock is fractured graywacke (Fs2) 
type distributed over the developed portion of the 
Geysers field. Effective porosity is unknown. 
Anticipated static pressure is 23.3 bars (325 psig) 
at the wellhead. Anticipated reservoir fluid is 
steam at of near saturation conditions with no free 
\vater. 
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Flow rates from 30,000 lb/hr to as high as 
300,000 lb/hr are possible. Production rates 
of other wells have demonstrated decline with time. 

3. DRILLING PROGRAM 

A representative drilling program is contained 
in the applicat.ion for "Permit to Drill" (Form 
9-331C) (APD) for Ottoboni Federal 35-12 (O.F. #2) 
which is being submitted concurrently with these 
Plans of Development Operation and Production 
Operation. A copy of the APD and drilling program 
information required by 30 CFR 270.71 are included 
as Exhibit C. Any well testing, for the purpose 
of reservoir parameter determination, beyond that 
of the rig test, will be done flowing into the 
pipeline. 

4. UTILIZA'rION 

Steam produced from the geothermal resource will 
be utilized by the steam supply system used to 
drive two steam turbine generators having a nom­
inal capacity of 55 MW each. There are no usable 
by-products. 

S. SURFACE EQUIPMENT INSTALLATIONS 

Included is a detailed description of the surface 
facilities required to handle the steam production 
from these wells. Figure I is a system schematic 
showing the production facilities from the well 
head to the power plant. Figure II shows a typical 
well head tie-in assembly. 

a. Well Head Assembly 

The well head consists of a 27.30 centimeter 
(10 3/4") casing head flange, three 25.40 
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centirneter (lO") ASA 20.7 bar (300#) ~vKM 
through conduit gate valves and one 25.40 
centimeter (10") flow tee. The stearn flows 
from the well head flow tee through a rock 
catcher designed to protect the pipeline and 
turbine from rock particulates which may be 
produced with the steam. The rock fragments 
will be purged from the rock catcher by per­
iodically blowing them out through a 7.62 
centimeter (3") vent valvr:: or by manual clean­
out. 

Down stream of the rock catcher is a throttling 
valve used to reduce steam flow from the Ivell 
whenever the plant goes down or to balance steam 
supply to the plant vs. plant demand. 

Orifice flanges are included in the piping down 
stream of the throttling valve so that the pro­
duction from the well can be metered and ac­
counted for. A root valve is provided just 
before the main steam transmission line so that 
the well head piping assembly can be isolated 
from the rest of the steam gathering system for 
required maintenance. The designed working pres­
sure of the well head piping assembly is suffi­
cient to contain the shut-in pressure of the 
well. 

The steam flows from the well head assenilil~ge 
into the steam transmission pipeline which 
transports the steam to the power plant. 

The pipeline is an insulated steel line design­
ed to optimize pressure drop and heat loss. 
'rhe pipeline will be installed above ground 
level and routed along existing roads or specially 
prepared rights of way. Expansion loops, an­
chors, and supports are installed as required 
to maintain temperature related stresses at 
acceptable levels. 
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The design working pressure of the pipeline is 
ASA 150# (13.9 bar (188 psi) at operating temp­
erature). The pipeline is designed and installed 
in accordance with normally accepted codes. Aux­
iliary equipment associated with the pipeline 
are burst. heads for emergency pressure relief, 
isolation valves, and condensate removal valves 
and facilities, 

c. Plant Yard Facilities 

Plant yard facilities' consist of a steam water 
separator to remove condensate and particulates 
from the steam prior to delivery to the turbine. 
Relief valves and mufflers are q1so included to 
automatically vent the steam in the event of 
turbine outage. Yard facilities are designed 
to adequately handle to 910,000 kg/hr (2,000,000 
Ibs/hr) of steam required to operate the tur­
bine at full capacity. 

d. ~afety Provisions 

Normally acceptable codes and regulations will 
be followed during construction and operation. 
All facilities will have protective over pres­
sure systems designed to prevent damage to 
equipment of personnel as a result of equipment 
malfunction. 

6': LIQUID DISPOSl'.L PROGHAJv1 

The energy conversion cycle utilized by PG&E results 
in 80% of the steam supplied to the turbine being 
vaporized and exhaustedfo che atmosphere as steam 
vapor. Approximately 20% of the steam is condensed 
and returned to Union Oil. This excess water over 
flows through a weir in the cooling tower basin, and 
is disposed of by reinjection into the steam reservoir 
under a different lease. 

Spent liquids (water) from the drilling program are 
solar evaporated or hauled to a dump approved by the 
California Water Quality Control Board. 
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II. PLAN OF PRODOC,]'ION 

1. Environmental Baseline Data 

In compli~nce with 30 DFR 270.34 (k) Union has com­
pleted a minimum of one year of required environment­
al baseline monitoring. Descriptions of the studies 
and sumrnaries of results are presen·ted in Exhibit D. 

2. Product.ion 

onion plans to finish surface equipment installation, 
and produce Ottoboni Federal Well 35-12 (O.F. #2) in 
December, 1979. 

a. Use [0:( the Geothermal Resource Production - . ------

Geothermal Federal Lease CA-5634 is located in 
units 5&6 generating area, hence, most of the 
steam produced will be used by units 5&6,to 
produce electricity. At times, stearn may be 
transport.ed through crossover piping to be used 
to supply steam to other units within The Geysers 
project. 

b. Manner and Ec~tes of Product.ion, ComminglinCJ 

Steam from Ottoboni Federal Well 35-12 (O.F. #2) 
will be produced and metered through the well 
head assemblage described previously. The meter­
ing specifications and methods of accountability 
are described in t.he Exhibit E. Steam produced 
from these wells will be crnnmingled with steam 
from other leases when it enters the main steam 
transmission line. 

Essentially, the well will be produced at rates, 
along with other unit supply wells, sufficient 
to operate Units 5&6 at full capacity. Normal 
we).l head flowing pressure is 9.5 to 11.2 bars 
(125 to 150 psig). Approximately 910,000 kilo-



8 

grams (2,000,000 pounds) of steam per hour at 
7.8 bars (loa psig) and 179°C (355 UP) are 
required for turbine operation. 

In the event of unit outage, flow to the turbine 
is automatically shut-off by means of flow con­
trol valves. This causes the steam transmission 
line pressure to increase to a predetermined 
level at which time automatic relief valves open 
and the steam is vented through mufflers designed 
to attenuate noise to reasonable levels. Pro­
duction from the supply wells is curtailed in 
accordance with the expected duration of the out­
age and with predetermined guidelines as described 
in Exhibit E. 

outages of long duration require that the wells 
be completely shut-in, with the exception of a 
small vent to keep the well bores hot, and the 
pipeline is allowed to cool. Prior to resuming 
steam delivery to the turbine the wells must be 
vented to purge the well bore of rocJ~ I and then 
steam must be passed through the pipeline and 
vented at the muffler to bring the line up to 
operating temperature, and purge the line of 
any condensate which might have collected during 
the shut-in or warm-up operation. Condensate 
purge valves are located at strategic locations 
along the pipeline for this purpose. 

Steam is sometimes transferred from one unit area 
to other unit areas to make up steam deficiencies 
or reduce atmospheric emissions. steam transfer­
red from one unit area to another area shares 
in the revenue produced by that unit area in 
proportion to the quantity of steam transferred 
to the whole. 

Revenue for steam produced is determined by the 
quantity and value of power produced. rrhe wells 
serving any unit share in the revenue produced 
by that unit proportionally to the qu~ntity 
of steam produced by that well to the whole. No 
revenue is paid for vented steam. 
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Reservoir Performance Parameters 

Reservoir performance parameters will be eval­
uated using those methods commonly applied by 
the petroleum engineering profession in eval­
uating nat0ral gas and saturated steam reser­
voirs. 

The significant waste product is the condensate 
that remains after the energy is extracted from 
the steam. The tondensate from Units 5&6 cool­
ing tower basin will be returned to Union and 
received in a concrete pond. From here the 
condensate if3 disposed by reinj ection into ex­
isting deep wells according to the North Coast 
Regional Water Quality Control Board require­
ments. Condensate reinjection wel~ are approved 
and permitted by the State's Division of Oil and 
Gas. 

e. Downhole Production and Processing Facilities 

No downhole production or processing facilities 
will be needed. 
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III. ENVIRONMENT 

1. The proposed measures for protection of the environment 
are listed below in compliance with section 270.34 (h). 

a. Prevention and Control 

Fl.re Preventlon Measures ( l' )' , 

Constuction and drilling equipment are equip­
ped with exhaust spark arresters. Smoking will 
be allowed in designRted areas only. Fire ex­
tinguisher sta·tions will be est21bli shed at 
strategic locations around the drilling rig. 
Water trucks and sprayers are available to 
respond to any emergency. Drilling water stored 
on the drill site (approximately 1113 cubic 
meters (7000 barrels) is available for fire 
fighting. PG&E maintains a fire hazard warning 
sign near the project entrance to remind employ­
ees daily of the fire hazard level. 

(ii) Soil Erosion 

Access Road and Drill Site Pad: Access road 
and drill si te loca-tion surfaces shall be slopccOd 
to drain toward the cut side or up-slope side of 
the roadway or drill pad. The slope shall be 
approximately two feet per hundred feet. A 
drainage system designed in accordance with the 
IlStandards 11 of the Division of Highways, State 
of California, shall be provided to adequately 
carry away wRter collected on the surface of the 
roads or locations as well as water interc~pted 
from upper slopes and natural drainage systems. 
The drainage system shall consist of ditches on 
the upslope side of roads and on the upslope 
perimeter of drill pads. These ditches shall be 
slopc,d . to drain at a <Jradient between 1 (~ alld 2~i, 

or greater with approval by the Engineer. 

Sand/cement~~illcd bags shall be installed as 
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energy disipaters where required to reduce flow 
velocities and prevent erosion. The drainaqe 
ditches shall be conducted to culverts, siz~d, 
designed and installed in accordance with the 
above standards. Culverts shall be installed 
with sand/cement-filled sand bag headwalls 
at the entrance, stilling basins at the exit, 
and shall be extended to existing natural drain­
age areas. A two-foot-high berm shall be pro­
vided along the upper edge of all fill slopes 
to prevent runoff over the fill. 

Treatment of Seepage Zones: Springs and seepage 
z011es uncover-eel during excavation shall be drain­
ed by constructing "F:cench II drains, syphon wells, 
or other means as determined by the Engineer, and 
conveyed to natural or site-constructed drainage 
ways for discharge. 

(iii) Protection of Surface and Ground Waters 
According to the U. S. Geolog iC2I~survey-, the area 
is underlain by essentially non-water bearing 
rocks of the Franciscan assemblage. Further, 
this site is located where no surface waters 
occur. 

To assure that pollutants do not escape the drill 
site, drilling wastes, machine drippings, and 
rain on and around the equipment will be elirect­
ed into the mud sump. 

(iv) Protection of Fish and Wildlife 

Habitat disturbance will be confined to the de­
scribed construction area. 

Access road and drill site cut and fill slopes 
and other areas exposed by grading shall be 
revegetated with approved grasses and/or woody 
plants and trees. Areas to be revegetated shall 
be determined by the Engineer. 

'l'he revegetative effort shall be done prior to the 
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start of the growing season in late summer or 
early fall in order to utilize the first light 
rains to germinate grass seeds. 

As determined by a soils laboratory determinatiqn 
for soil pH and lime requirement as directed 
by the Engineer, lime shall be broadcast over 
areas to be revegated and mixed with the soil 
by track vJalking with track-laying equipment. 

For areas to be revegetated, 14-14-14 gran­
ular fertilizer shall be applied at the rate 
of 300 Ibs. per acre. 

Grass seeds shall be applied 'at 60 Ibs. per 
acre. The seed mix shall be as follows, de­
pending on availability: 

Blando Brome, 
Hymera Eyegrass or 

. ConU11on Eyegrass 

Red Leafed Clover 

50 Ibs. per acre 

10 lbs. per acre 

Chopped straw shall be blown over revegetated 
areas for seed protection and added erosion 
control when required by the Eng ineer. 'rhe 
straw shall be tacked with a tackifying agent 
or "punched" into place 

Stream siltation will be prevented by proper 
erosion control 

(v) Protection from .Ai:: and Noise Pollution 

While drilling with air, dust and noise will be 
reduced to a minimum by use of the blooie J.ine 
and separator/muffler. Noise levels will not 
exceed an equivalent sound level (Leq) of 65 db 
(A ) a tad i s tan ceo f O. 8 km ( 0 . 5 mil e). The 
nearest Geysers project property line is ap­
proximately 1.6 km (1 mile) away and the nearest. 
residence is approximat.ely 1.6 km (1 mile) away 
from the drill site. 
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(vi) Protccti?~5:?_~_.!?ublic Heal t.h and Safety 

Hard hats will be worn by personnel during 
construction and drilling. 

Personnel will not be allowed in trenches five 
feet or more in depth. 

OSHA regulations will be followed. 

Drinking water and sanitary facilities will 
be provided. 

Portable chemical sanitary facilities will be 
used by personnel on the drilling or construction 
sites. These will be maintained and wastes dis­
posed of by a local contractor. Permanent sani­
tary facilities will be located at Union's field 
offi.ce. 

(ii.) Delineation of Potential Environmental Impact~ 

Union anticipates that there should be only 
negligible environmental impacts from these pro­
posed operations over and above those from ex­
isting approved operations. 

Approximately twelve to fifteen people may be work­
ing on the location at anyone time during drilling 
and/or production testing operat.ions. No housing 
or special support facilities will be required on­
site during these operations due to proximity of 
existing facilities. 

?. J-.10NI TOIUNG 

'rho Stanford Hesearch Inst.itut8 study begun in 1976 , 
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sponsored by Union oil Company, PG&E, Aminoil USA 
and Thermogenics will continue monitoring until 
April 1979. Additional monitoring is under review 
by industry and the Northern Sonoma County APeD. 

Noncondensable gases will be monitored in accord­
ance with t.he requirements of t.he Sonoma County 
Air Pollution Control Dist.rict. 

The long t.erm monthly monitoring study described in 
referGnces 1 and 2 in Exhibit: D "i-'later Quali ty" will 
continue. 

Geothermal fluids will be monitored and disposed 
of in accordonce with the requirements of the 
California Regional Water Quality Control Board, 
North Coast Region. 

Perodic specific studies will be conducted in the 
area. 

d. Ecological Systems 

An evaluation of the effect.s of development. has 
been conducted (see Exhibit D). Perodic monitoring 
of indicator species or parameters may be conduct­
ed. 

IV. EMERGENCY CONTINGENCY PLANS 

If any emergency develops or is determined to be im­
pending, appropriat.e control procedures will be init.­
iat.ed. The specific procedures will vary greatly dc­
pending on the nature of the problem. During the years 
of operation Union has developed the following Contin­
gency Plans for the Big Geysers Project. 

- Fire Prevention and Control Plan 

- Emergency 1'-1cc1ical Hcsponsc and 'rransport Plan 



Hydrogen Sulfide and llmmonia Contingency Plan 

Spill Prevention Control and Countermeasure Plan 

Geothermal (Water) Fluid Spill Control Plan 

A copy of ~ach Contingency Plan is available to 
each employee \','ho operates in field and copies are 
sent to respective local, state and federal agencies. 
These Plans are updated periodically and training 
sessions are held to acquaint the operation per­
sonnel with recent developments and improved 
operation procedures. 
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EXHIBI'l' D 

ENVIRONMENTAL BASELINE DATA 

The Geysers geothermal field has been the object of numerous 
extensive environmental studies and monitoring programs. Thus, 
the effects of geothermal development in The Geysers are well 
defined and well documented. Of the many potential environ­
mental hazards, some have been proven insignificant and some 
have been mitigated by improved technology and/or improved 
operating practices. The odor of hydrogen sulfide receives 
the most attention and is the most significant impact on the 
local environment. 

A general evaluation of the baseline environmental conditions 
can be revievled in the Environmental Impact Report, "The 
Geothermal Leasehold of Union Oil Company at The Geysers, 
Sonoma County, California," February 1975. The following 
are studies and monitoring programs conducted to evaluate 
the areal air quality, water quality, noise, seismic act­
ivity, subsidence activity and ecological systems: 

The air quality in The Geysers area has always been 
influenced by geothermal emissions. Before the 
advent of geothermal resource development, fumeroles 
and hot springs were reported to emit loud noises, 
billowing tall plumes and the putrid odor of rotten 
eggs. Development has increased the emissions and 
several studies have been conducted to ascertain the 
compositions and quantities of emissions, the meter­
ology of The Geysers are·a <,nd the ambient air qualit.y. 
The subject lease is a part of the area studied. . 

1. R.E. Ruff, L.A. Cavcnau<Jh and LLD. Carr, "1976-77 
Biennial Report -- Specialized Monitoring Ser­
vice~>" I STU InternationQl, Deccmber 1978. 

The SRI Geysers monitoring network was established 



D-2 

in January of 1976 to quantitatively assess hy­
drogen sulfide concent~ations in the vicinity of 
The Geysers, define population exposure to B2 S 
and define meteorological conditions in the area. 
The network which has operated continuously for 
over three years now, consists of 8 aUlomatic 
monitoring stations (Figure I-A) measuring Il 2 S 
concentration, S02 concentrat:ion (2 stations), 
wind speed, wind direction, temperature and 
precipitation. 

Analysis of the data has shown the California State 
standard of 0.03 ppm to be equaled or exceeded up 
to 0.7% of the time at stations near populated 
areas in Lake County (3,4,5,6 & 7). 

2. S.L. Altshuler, "Ambient Air Quality At i1nd In 
the Vicinity of The Geysers, 1970-75," PG&E, l\pril 
1976. 

Prior to the installation of the SRI network, PG&E 
conducted air quality sampling at several locations. 
In the above study ambient concentrations of hy­
drogen sulfide (H2S) at sample location #27, ap­
proximately one-quarter of a mile southwest of 
Ottoboni Federal Well 35-12 (O.F. #2) location, 
were an average 23 parts per billion by volume for 
the time period 1972 to 1975. From this study it 
was revealed that 84 percent of the measured H2S 
concentrations were less than the state ambic'nt 
air standard of 0.03 parts per million at The Gey­
sers Power Plant areas. The study indicated the 
presence of nocturnal inversions within the Big 
Sulphur Creek Valley can resul t in a bliildup of 
H2S concentrations. 

1. "High Volume Air Sampler Data, Feb. 6, 1977-
Aug. 17, 1977", Environmcntul Systems and SenTi co. 

In thi s study sm,ponc1cd particulu tc mat: ter 
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was measured at ten locations around The Geysers 
and surrounding areas. The -ten sampling sta t ions 
and their respective geometric means from Febr­
uary 6, 1977, to August 17, 1977 are as follows: 

station Number & 
Location -------------

#1 - Geyser Hock 
#2 - Anderson Ridge 
1f 3 Kahm Ranch 
#4 - Central-Hobergs 
#5 - Whispering Pines 
#6 - Anderson Springs 
tP -- Savnni 11 F 1 a ts 
#8 - Big sulphur Creek 
#9 - Power Plant 7 & 8 
in 0-- l'1iddletmvr:-

Suspended Particulate 
\,leight \~mg/m / 

19 
20 
16 
16 
17 
28 
32 
19 
23 
35 

All values ar~ lower than the state standard of 
60 mg/m 3 mean annual particulates. 

Intensive testing by the Northern Sonoma County 
APCD and Union Oil Company, during Dec. 1976 and 
Jan. 1977, revealed similar results to the above. 
Samples were collected every other day. Samples 
were collected once every six days in the February-
August study. 

2. O. D. h1hi tescarver, 1II'-1ufflers to Aba te Noise and 
Particulate Emissions from Geothermal Development 
Operations, 11 presented at 3rd Annual Geoi~hermal 
Environmental Conference, May 10, 1978. 

Also, a long-term total suspended particulate mat':" 
ter monitoring program has been conducted near Unit 
3 and 4 at the Union Oil maintenance shop. Records 
from April, 1975, to June, 1976, show that the 
statcd 24-hour ambient air quality standard of 100 
mg/m 3 was exceeded on G days. The geometrjc mean 
for the period l\pril, 1975, to March, 1976, was 
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43 rng/m 3 , The high vnlues correlated to unusual 
local activity such ns sweeping the parking lot. 

Radon 222 

1. D.P, Serpa, "Summal:'Y Report of The Geysers Radio­
logical t,1easurement Program," PG&E, Ivlay 3, 1978. 

This report, by PG&E Department of Research, sum­
marizes the results and conclusions of radiological 
reports done from 1974 to 1978 by the following: 

2. Serpn, D.P. 1974, "Measurement of Radon 222 
at '1'he Geysers Power Plant", PG&E. 

3. 1975, liThe Determination of the 
Source ~-of 2l0--Pb in Cooling Tower Sludge at 
The Geysers PO\\rer Plant", PG&E 

4. 1977, PG&E Department of Engineering 
Researc11;-San Ramon 1 CA private communication. 

5. Anspau9h, et 0.1, "The Geysers Power Pli:wt: En\l iron-­
mental Impact of the Release of 222-Rn. L.L.L., 
1977. 

6. Anspauqhr L. R. 1 "Final Report on the Investi~Jation 
of the Impact of the Release of 222-Rn, Its Dau­
ghters, and Precursors at The Geysers Geothermal 
Field und Surrounding l\rea," L.L.L. f 1978. 

7. LFE Environmental, "Investigation of the Helease 
of Radon 222, Its Daughters, and Possible Pre­
cursors at The Geysers Geothermnl Field and 
Surrounding Areas", 1975. 

'rhe summary report indicated t:hat the geometric 
me,w concentration of the measureinents taken 
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was 0.00112 WL, well below the applicable standard 
of 0.01 WL for continuous exposure in uncontrolled 
areas. The overall conclusions was that the op­
eration of The Geysers Power Plant has no disccrn­
able impact upon the radiological environment of 
the surrounding area. This is because the amount 
of radon 222 released by the operation of the power 
plant is small in comparison to the radon 222 ex­
haled from soil in the general area. 

The subject lease, U.S. Geothermal Lease CA-5634, is 
in the Russian River watershed. Squaw Creek flows in 
a westerly direction, north of the lease, into Big 
Sulphur Creek. The southern end of the lease contain­
ing Ottoboni Federal Well 35-12 (O.F. #2) site location 
is part of the Big Sulphur Creek watershed. The pro­
posed site is locat.ed 4000 fe(=;t from Big Sulphur Creek. 
Big Sulphur Creek and its tributaries drain a water-­
shed of about 82 square miles before joining the 
Russian River. Several studies have been completed 
on the Big Sulphur Creek system and a long--term mon­
itoring program continues. 

1. D.G. Price and D.P. Griffin, "An Evalu(ltion of 
Stream \,iat.er Quality 1'loni toring Data Collect.ed 
from Jlby, 1968 r 'l'hrouqh May I 1975 At 'I'he Gey,c)cTs 
and Its Implications to the Biol09ical, Chemical, 
and Physical Environment_" I PG&E, Nov I 14 I 197:>. 

In the above r(~port Squaw Creek was sampled 
immediately upstream from its confluence with 
Big Sulphur Creek and Big Sulphur Creek was 
sampl(~d irnmedia te 11' upstream of its conf 1 uence 
with Squaw Creek. The samp1in9 locations arc 
shown as locations 5 and 6 on the following map. 
'1'he mOtU! values of parl1meters of interest arc 
as follows: 
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Parameter 

Flovl (GPlvl) 
'I'emperature (°F) 
PH 
Color (Alpha) 
'I'urbidi ty (J'l'U) 
Settleable Solids 

(mg/l) 
Dissolved Oxygen 

(mg/l) 
NH 3 "·N (mg/l) 
N0 3 -N (mg/l) 
SOil (mg/l) 
Boron (mg/l ) 

-Squaw Creek 

3821 
52 

8.3 
12.0 
12.7 

10.7 

10.7 
0.04 
0.14 

17.95 
0.21 

Big Sulphur 
Creek 

7007 
55 

8.2 
15.1 
20.7 

28.1 

10.4 
0.30 
6.66 

107.2 
3.3 

2. I~. S. LeGore, "1:118 Eff8ct_s of Geothe;rm<11 Energy 
Utilization on Str8arn Bic)ta and VJate;r Quali t:y 
At 'rhe Geysers, Califorr;i<1" , P<1rametrix, 1975. 

This extensive study took place between April 1974 
and June 1975. The object of the report was to 
measure the possible effects of the geothennal 
development on stream life. The study concluded 
that any variations from normal populations, be;­
cause of higher than normal aMTIonia concentrations 
and temperatures in certain areas, are due to nat­
ural phenomena. 

In the; above; report Squaw Creek and Big Sulphur 
Creek \vere both sampled immedia te;ly upstream of 
their confluence as in the former report. The 
data collected from this report is displayed in 
Table I-A and II-A. 

c. Noise 

'rhe report by f'lhi tcscarver (reference J/2 under "Sus­
pended Particulate M<1tter") describes a long-term 
monitoring program ne<1r Unit 3 & 4 <1t the Union Oil 



TABLE l--A 

SQUAH CREEK 

Hater quality characteristics nt olution Sq o.b throughout tho study effort. 

1974 1975 
~ltctCl~istic Unit~_~ _____ ~ll~:C=-';f\il'5' _~~i=-~. - Nov. jan:- ,~~? - }5a'r:]A'0~~_ 
.~.~--~-----

5/9 G/8 7/13 9/15 11/10 1/5 2/9 4/5 
17.30 1037 1000 1530 0930 0950 0040 1230 

'l'cmperillure °C 24.4 29.0 23.9 35.5 10,6 6. '1 11.1 9.4 
,r Tcrr,pcril ture °c 16.3 17.5 17.2 18.7 10.5 5.2 10.1 9.5 
;{!m FlcM cfs 

tn1 2 
18.6 9.5 5.2 1.7 2.61 5.52 6L6 

11 CoLi. form HPH/ 100 43 240 460 36 
',idi ly JTU <1 <1 <1 2 <1 230 6 
)( !\PllA <5 

8.4 B.3 B.3 8.4 7.9 8.0 7.2 7.7 
,linity mg/1iler 144, 2 162.2 168.2 154.8 167.4 154. <1 ~;9. 5 115.2 
.lc,abl (; E~olids m1/liter <0.1 0.30 
,due, }'i llrable mg/liteJ: 10 138 
,due, Non" f i J '::C:1b.l c mg/liter 40 306 
,due, Total mg/Li.ler 50 444 
))) r:1g/liter 8.0 19.0 9.0 0.0 5.5 7.S 6.6 
)on, Total organic mg/liter BO 
-ogen, 'J'otal mg/li tel' 0.2 
':i.te N 5. t.rogen mg/liter <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 
'"lc Ih tl:ogen m9/li t.er: 0.2 0,35 <0.1 0.18 <0.1 
)nia l'~ i trog en lng/Ii ter 0.22 <0.01 0.15 <0.1 <0,1 0.48 1. 2:; 0.30 
)nia, Un--ionizcd m9/1iter 0.02 0.0), 0.006 0.005 <0.004 
!en r DissoJ.ved mg/liter' S.8 8.G 9.2 8.7 10.2 12.0 10.6 9.9 
:ates lng/liter: B.O 14.0 19.0 12.5 20.2 12.0 4.0 8.7 
ogel1 Sulfide mg/liter <0.02 <0.1 
)rine I Free mg/litcr <0.1 
,rine, Total mg/liter 0,15 
,d.na t:: cd .Hydro-
'bons: 
'ptllch lorcpoxidc pg/litcr 0.0017 
IknOl'il"l mctilboli.te 
.milaJ: Lo above \I9/1Hcr 0.002 ! 
,miuln \lg/Hte1' <0.2 I 

! ler vg/1Her 0.10 <0.05 <0.3 <0.2 I \1g/1iter <3 
,nic \lg/litcr 4.5 3.8 <0.4 <0.4 5.0 <0.4 <0.4 0.7 I 
'niult\ \Ig/l:H.:cr <1 I 
line mg/liter 0.5 I 
fer \19/liter <0.02 

I Ii um \1g/) i :·,e1.' 0.20 
'ury pg/liter 0.028 J.. 73 0.02 0.99 0.70 0.15 <0.02 0.48 

\Ig/litel' 2.5 I .ide lng/liter <0.5 

I mg/liter <10 

I -------------- -----.,...---. 



'J'1\BLE I 1-1\ 

BIG SULPHUR CREEK 

Hater quality characteristics at station as 11.9 throughout thc study cffort. 

---_._----_._--_._---

Tcmpel:a tU):e 
,,1- Tel;,pc r it ture 
~cm Flo'.-I 
11 Coliform 
li(H ty 
)r 

IHni ty 
t.leablc Solids 
iduc r F'iltr<"'lblc 
lduc, l:on-filll:ilble 
lduc i Totdl 

)on I ToL.:.!J. organic 
:ogen t Tolal 
-ite t;ilrogen 
:'ate l'iitro(wn 
,nia Nit):o<}cn 
>nia I Un--ionized 
len l Dissolved 
'CI les 
'ogen SU 1 fide 
)rinc, F't·i.~e 

lLi_ne l Total 
,r ina l cd Hydro .. 
-bans: 
'ptac It lor0poxide 
knov.'l1 IlwlLlboli te 
milar to above 
'mium 
'cr 

nic 
nium 
ine 
or 
iwn 
un' 

ide 

°c 
°c 
cis 
HPt1/100 m1 2 

J'l'U 
APllA 

mg/1itcr 
m1ll i tc'r 
mg/litel' 
Ing/liter 
lng/liter 
mCI/l iter 
mg/litcJ: 
mq/liter 
laq/litcr 
mg/litcr 
TIlq/litel­
rn<}/liter 
rnq/litcr 
rng/liter 
lng/liter 
mg/liter 
lng/liter 

Ilg/1iLer 

IICJ/liter 
IJ<J/liter 
Ilg/1iter 
IJg/liter 
1J9/Uter 
Ug/l:i tel­
mg/liter 
1l9/litcr 
\Is/liter 
V9/ l itcr 
pg/1itcr 
rng/lit:cr 
lng/liter 

5/9 
1130 
22.S 
18.9 
20.7 
150 
3 
5 
8.3 
134. 7 
<0.1 
20 
o 
20 
8.0 
21 
1.0 
1. 20 

1.18 
0.10 
8.2 
58.0 
<0.02 

<0.2 
0.40 
<3 
5.0 
<1 
<0.2 
<0.02 
0.10 
<0.02 
4.5 
<0.5 
<10 

6/S 
105 
29.5 
27.0 
7.5 
1100 
<1 

8.2 
142. :; 

o.n 
0.03 
8.4 
80.0 

<0.05 

6.2 

2.06 

7/13 
1100 
29.0 
21.2 
6.7 
1100 
2 

8.4 
137.0 

24.0 

0.26 
4.5 
0.26 
0.03 
9.2 
98.0 

<0.1 
0.1 

4.0 

<0.02 

9/17 
09~O 
20.1 
16,0 
4.9 
240 
2 

7.8 
144.? 

22.0 

0.34 
11.8 
0,1G 

H.6 
140.0 
<0.1 

<0.3 

2.0 

0.6S 

11/10 
1100 

11. 2 
2.22 

7.6 
15~.8 

22.0 

0.40 

4.80 
0.05 
11. 0 
150,0 

1.0 

1.10 

1/5 
0935 
6.7 
6.1 
22.4 

<1 

7.8 
126.8 

6.2 

0.074 
3.40 
5. "15 
0.0<19 
11. 4 
62.0 

1.7 

<0.4 

0.02 

2/9 
0815 
11.7 
10.6 

170 

7.1 
47.6 
0.25 
111 
194 
305 
6.7 

<0.01 
0.4/. 
1. 56 
0.005 
10.4 
9.1 

<0.04 

<0.02 

-~------------------.---------------"-~---------------

4/5 
1330 
10.6 
11.1 

6 

6.5 
82.2 

1.0 

0.039 
0.48 
3.30 

<0.00·1 
8.9 
39.0 

1.7 

0.02 

I: 

I 
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maintenance shop approximately 0.8 km (0.5 mile) 
south of the Ottoboni Federal Well 35-12 (O.F. #2) 
location. The usual sound energy level measured 
was Leg (24) 55 with occasional excursion up to 
Leg (24) 65. Exhibit I-A, taken from the above 
report, indicates sound levels typically associated 
with several geothermal development activities. 

d. Seismic and Land Subsidence Activities 

No active faults are recognized or suspected in the 
lease area. The nearest known active fault in the 
region is the Healdsburg fault, which trends north­
west through the Healdsburg area. The October 1/ J969 
earthquake at Santa Rosa appears to have had its epi­
center along the fault_. Although that eaxthquake was 
felt at The Geysers, there were'no damages caused by 
it. 

1. 1\.£.1. Hamilton and L.:r.p. Muffler, "I'-1icroearthquakes 
At The Geysers Geothermal Area, California", 1972, 
J. of Geophysical Research, 4/77/ pp 2081-2086. 

" .- . 

In the above report 53 earthquakes were recorded 
during a three week period in 1971 within about 
10 km of The Geysers. Most epicenters lie in a 
zone about 4 km long and 1 km wide passing through 
the geothermal field along a principle fault zone. 
Microearthquakes have been detected in Lease CA-
5634. 

E. J-lcljer and 'r.v. J'.1cEvilly, "Seismological 1n-­
vestigat.ions at The Geysers Geothermal Fiold", 
Lawrence Berkeley Laboratory, D.C.B., December, 
1977. 

The authors of this report concluded the following! 

a) J'.1icroecll:thquakcs occur in a <'Ii ffl1se pC1ttern. 
b) It is possible microearthquake activity lS 

rela ted to an cxp<~'\l1ding steam 20ne. 
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The most recent work done in the area of seis­
micity was done by Marks, Ludwin, Louie, and 
Bufe. The findings are published in open file 
paper lf78-798. 

Land Subsidence 

Ben Lofgren, formerly of the USGS, has been conduct­
ing vertical and horizontal first order surveys over 
t.he Clear Lake-Geysers KGRJ\ since 1973. His latest 
report, open file paper #78-597, is referenced in 
compliance with baseline subsidence monitoring re­
quirements. 

site st::.abili ty is covered in depth in I. 1. b., 
"Si·te and Access Preparation ", of this report. 
'fhis section , written by Jim Vantine, California 
Engineering Geologist #504, concludes that with 
proper engineering, site stability should not pose 
a problem in the future. 

Soils 

The soils on the leasehold include Yorkville clay 
loam, Sobrante loam and Stoneyford gravelly loa.m. 
'1'11e proposed drill site is situated entirely on York·· 
ville clay loam according to the 1975 "Draft ElR 
for the Geothermal Leasehold of Union Oil Company 
at '1'he Geysers, Sonoma County" by Ecoview Environ-' 
mental Consultants. The suitability as a topsoil 
source is fair to a depth of 19 inches, and poor 
below 19 inches. Depth to rock is two to five feeL 

e. Ecological System~ 

Monitoring programs to estimate shifts in Stc:d~llS of 
condl tion of biolo~l ical 01 ements in the I(GRl\, con­
taining lCClse CA-·~)G34, hZlve been the concern of the 
developers I the publ ic Zlnd the <Jov(~rnmen t. 
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Veget.ation ........--r __ _ 

Cornarc Design Systems, "A Vegot:ation and Wildlife 
Habitat i'lapping" , 1976. 

Vegetation mapping reveals that the majority of 
lease CA-5634 is mixed chapparal. Also present 
are Chamise and Oak Savannah. Oak Savannah is 
the predominant vegetation at Ottoboni Federal Well 
35-12 (O.F. fl2) site. This vegetation type is com­
posed of scattered oak trees on a grassland of intro­
duced annual grasses. Associated species of trees 
are: Big Leaf Maple (Acer Mycrophallum), Blue Oak 
(Quercus douglasii) f OregonOak --mu6rcu~; garry~ma) , 

Cal{"ful:-iliCl BTa:cF-Oak (Quercus k(~lIo(Jgii) -;-'\;T211-te~-1 Oak 
(Quercus lobata), Diggei:--Pine-(l)ln"lis--si:ibiniana), 
and EIderberry--(Sambucus mexiccma) -. --7\SSOclclt~ed species 
of grasses and herl:)s-are:--fG:Cc'grass (Aira caryophy-­
Ilea), VJhitlow grass (Anthysanus pusillus)~ \'iiT2r oilts 
(A\7e-na barbata, 1'1. fatl.~l) ,··sifldII-Quaking- Grass (Briza 

illinor-:-Y-,--Brorne qrasscs (Bromu~) dictndrus, B. inermTs-,--·­
D.""Jl1011is), Dogtail gras s -rcYi10S·U1~\.n; ec11111-a tu-s--;-Fescuc 
(Festucii.-dertonensi s, F. er(~c:ta~-I~~2L.ihoerl·s-I-s1-;--·,ir;(-1--

'raIl st:ephanC)]llC-ria ( Steplnnomericl-V:1rcla-t:a r:-NO rare or 
endangered plant species--h-c1velJee11-obs-enled in lease 
CA-5634. 

Wildlife 

PG&E et al-]', "'The Distribution and Abundance of \\lilc1-
life Populations in Relation to Geothermal Develop­
ment: Interim Report - The Geysers I<GIU\ VJildlifc 
Study", October 1977. 

*PG&E, Union Oil Co., USPWS, CDPG, St. Mary's College, 
\\1est.crn Ecolog iCill Services Co., Uni vorsi ty of Cali f­
ornia, Berkeley. 

It was the objective of this report to assess the 
sta tus of the wildli f e in six habi ta t s in 'rhe Gcy-
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sers area, and to compare developed and undevel­
oped area popUlations. The study lasted from April 
197G to June 1977. The final report has not yet 
been published and the above referenced report 
covers result~ obtained from April to July 197G. 
The six habitat types studies are: oak savannah, 
oak woodland, mixed evergreen forest, chamise chap­
arral, mixed chaparral, and riparian. Preliminary 
data were obtained for the following animal groups: 

1) 
2) 
3) 
4 ) 
,- ) 
.) 

6) 
7) 
8) 
9) 

10 ) 

Aquatic amphibians and reptiles 
Terrestrial reptiles 
Diurnal ruptors 
Owls 
Songbirds 
Bats 
Small mammals 
Western gray squirrels 
Hammalian carnivores 
Deer 

In addition incidenta] sightings were recorded. The 
report did not make any conclusions concerning the 
effects of geothermal development on wildlife, but 
the issue will be' clarified in the final report. 

In the Oak Savannah habitat (characteristic of the 
Ottoboni Federal Well 35-12 (O.F. #2 location) the 
following was observed: 

1. Aquatic ~nphibians and Reptiles 

'1'ho proposed Ottoboni Federal Iyell 35-12 (O.F. #2) 
location is approximately 4000 feet from Big 
Sulphur Creek and any geothermal development 
at this sito is not i:ll1ticip<1tec1 to affect the 
creck. But data concerninq both Big Sulphur 
Creek and Squaw Creck aqu~iic life is given ih 
the following reports: 

See reference # 2 under "\\1.:1 ter Qua Ii ty" . 
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R.S. LeGore et aI, "Substrate and Sediment 
Studies in the Big Sulphur Creek Drainage, 
California," Parametrix, 1976. 

P.F. Kubicek and D.G. Pricer "1\n Evaluation 
of Water Temperature and Its Effect on Juv­
enile Stee1head Trout in Geothermica11y Active 
Areas of Big Sulphur Creek, Final Report," 
PG&E, Jan. 16, 1976. 

From May 24 to june 11, 1976 2 species of 1jzards 
and 3 species of snake were observed. A summary 
of snake observations from April to August of 
1976 revealed six different species of snakes; the 
most comrnon of which was COlnlnon kingsnakc-:. 

Raptors \';ere not counted according to inc1i vidual 
habitat out in the general Rig Sulphur Crepk 
watershed for the geothermically developed area. 
During l~pril 1976, 6 species of rap-Lars were ob­
served, including 7 sighti ng s of Golden Ea(] 1 e . 
'rhe most common rap tors were turkey vul Lure 
followed by J:ecl-tailed hilWk. 

4. Owls 

Owl calls and tape recordings were used to find 
owls. In the Oak Savannah habitat 3 great horned 
oVl1 responses weJ:e heard, but none others. 

Songbird densities were determined for the Oak 
Savannah to be 16~) birds per 100 acres c1urin0 
1'1a1' 1976. Particular species \'lOre not l1ccounlcd 
for, exccpt those 20 species detected five or 
more time'S. 
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6. Bats 

Bat populations were measured only in riparian 
habitat. Twelve to fourteen species of bats 
are believed to occur in The Geysers area. 

7. Small Animals 

Three species of small mammals were obs(~rved 
during April-May 1976, the most common of which 
was the deer mouse. In July of 1976 the s~me 
number of species were observed and the deer 
mouse \'las again the Inost common. 

The study did not determine the number of ~~quir'­
rels in the Oak Savannah. The study did conc]udc 
that the mixed evergreen forest habitat was the 
best for gray squirrels. 

9. Carnivores 

Carnivores were accounted for according to d(;vel­
o)Jed or undeveloped area. In eJunc 197 G Ule fol­
lowing was observed: 

developed 
wJCleveJ0l-x:;d 

Bobcat 

2 (16.7%) 
3 (37. 5Z;) 

'Total ViBi ts 

Racco:.:m 

2 (l6.n,) 
2 (25%) 

unidentifiable 
carnivore 

8 (66.7\\) 
3 (37. ~)':,) 

Deer, rabbit, and cattle densities were dcter­
nlilwd by count ing pel] ets. Based on d<1 tc co]­
lected in April to June of 1976 the following 
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\vas observed for Oak Savannah habitat: 

Sarnple Deer per I~bbit Cattle 
Size acre Groups DroppiJ1C]S 

(acres) p/acre ___ p/acre 

deve1 Of"""d 0.10 .021 60 450 
undeve1 orx::x1 0.10 .189 560 880 

It is not very possible that all the above species 
will be found around the proposed well site be­
cause it is only a small p~rt of the total oak 
savannah habitat of t.he study area. But this list 
should give a representative sample of what might 
inhabit the area. 

Cultural Resources 

Thci cultural resources of the area have been assessed 
by Ecoview Environmental Consultants. One archaeolog­
ical site was discovered in the leasehold (location Al 
in Exhibit A-map 1) with four other archaeological 
sites on the lease's borders (locations A2-A5) including 
an historic site (location Jfl) of an abandoned farmsteCl.d. 
'rhe ages of the sites are not given. The archaeologi­
cal sites were crcC1ted by the Nappo Indians who con­
trolled most of The Geysers area during the pre-Euro­
pean period. The proposed Ottoboni Federal Well 35-12 
(O.F. #2) site is about 300 meters away from the neC1r­
est site, A4, and will not affect it or any of the 
other archaeological sites. 

Climate 

'1'he foll O\ving climCl. te inforrnLl tion is taken from the 
February 15, 1977, "Environmental AnC11ysis Prepared 
for a 1'-1ul tiple-\yell Drill Si te on Lease Cl\-· 18 G 3 and 
Ad:joining Private Lane, Union Oil Company", USGS. 

'rhe Geysers 1<G1\1\ climate is a ModiterrCllloan type 
climate typical of Northern California. The hot and 
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dry summers are influenced by a high pressure system 
off the coast of California. The high pressure 
system shifts to the south during the winter, allowing 
frontal systems to pass over thp state. Average an­
nual rainiall is about 60 inches with occasional snow­
fall. During fair weather winds are primarily influ­
enced by mountain-valley air circulation caused by 
solar heating and night time cooling. During cloudy 
weather regional wind patterns predominate. 

Land Use 

Land use surrounding the leasehold is primarily geo­
t~hermal development, wilcl1ife habitat and grazing. 
Deer season lasts f;ix weeks in the area but most of 
the hunting is concent.rated in the less-developed 
areas. Ottoboni Federal Well 35-12 (O.F. #2) will 
have a minimum effect on the present lane] use be­
cause it \-,1ill be 10catecl at the already existing 
Ottoboni Federal Well No. I site. 

The surrounding areas contain power generating units 
and the necessary facilities to operate the steanl 
field. There are only a few local residents in the 
area. Local businesses are limited to The Geysers 
Cattle CompcH1Y and t\\10 sma11 saloons. 



EXHIBIT E 

}'JANNEE OF S'I'ElIl'l PI"\ODllCTION 



EXHIBIT E ~ Hllnner of Steam Production 

a. :Stearn J\ccoul!tabi}~ . 

The basis for steam accountllbility is generating 
unit areas. Wells assigned to unit areDS will 
share in the revenue from their respective generating 
units proportionally to flow riltes. Individuill 
Vlell flO1'! rates a1:e moni tared continuously and 
accumulated each 2L1-hour dill'. 'fhis accumuL:d~ed 
figure is then (j i vided by the tot:a 1 accumula ted 
flow rate fo~ all wells within the unit area to 
deteniline t.he \<lell' s proportion of the unit output 
for that 24-hour period. Our Drawing No. 5048 
ShO\'lslhe steam measurement: schematic at The Geysers 
Geothermal Project. 

T'·l0 way crossovers are provided between generatinc{ 
unit areas. The metering orifice on each of these 
crossovers is considered a point source, Steam 
enterin9 Cl unit areCl through the crossover i~3 
monitored continuously, accumulated daily, and is 
treated as a well in determining its proportional 
share of .the generating unit revenue. This revenue 
is then credited back to the contributing unit 
area and is proportioned by flow rates among all 
w~lls in the supplying area. 

In sorne instances f isolal::.ion· valves are provided 
to direct steam [rom certain wells in one unit 
area to another area. When these valves are in 
sel:vico, the weLLs \"hose total st:eam production is 
positively directed to the new area are transferred 
to that nC'd area and steam production is accounted 
for as if the wells were assigned to that unit area. 
Meters are calibrated monthly with master test 
gauges and orifice plates arc pulled and inspected 
once every two years. 

b. ,Ope)~~t~ onal Guidelines. for t-1:i.~~d "lo_l:'~inq Int0rc:<~:t:: 
Steam Crossovers 

The mixed working interest crossovcrs arc defined 
as those \'/hich cross bouncl.::ll:ies beb-wen different: 
\vorking inte:r.·e~)ts in t.he project:. The cxisting 
crossovers \\lhich fall into this cZltcgory Zlrc 
those bcbvccn Uni ts 5 and G and Uni ts 7 Zlnu 8 
and be t\\Jccn Uni ts '7 and 8 Zll1<l Uni t 11. 

'rhe pnrpo:;cs of the cro~~:;overs ,1ro to ln~l)-::imize 
the utilizZltion of available steam in the most 

E·-I 
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efficient mi:nllle}~, Clne} to minimize the total 
amount of steum vented. 'rhe crossover;] will be 
opera ted i.n a manner \vh lch bes t sa ti [; f i.e s both 
purposes. 

Generally, the crossover~ will be used to transfer 
steam from supcn:;uf f icien t (lreas to dc; f ic.1c)) t ClrC(t~; 
for the period of time thZlt the clcLicic;ncy cxist~). 
'1..'he operator Hill !;";trive to maintain stC~lln (1vail­
ability such that steam movcment out of (l unit 
area will eventually be balanced by steam movcment 
into the c:u:-ea, 

The CJ:oSc-:;ovel: may be utilized for shor!:: periods 
of time to increase the back pre~;;_~llre in an 
othe:n'lisc sufficient ac1:joining system in t.hc c<);;c 
where a unit trips out creating an instant surplus 
of steam. 

This will serve to reduce flow rate from wells in 
both systems I thereby cutting clO\ .. 'l1 on toLal elliissionc;. 
This condition will be allowed to exist only 
durinSJ the time nccess(l)~y for analy~;is of the 
problem, and, if necessary, th~ time required 
to secure the \\'ells in t:he tr ippcc1 O\Jl: uni t area. 

(1) Producing Well Meters 

1\11 proc1ucinq wells are equipped 'iv-it.h 1T'r 
Bnrton Differential Flo\'1 Hecorc]crs, j\loc1el 
No. 2021L 

(a) 0--10 psi~J differcntinl pressure rcJ.ngp 

(b) 0-250 psig static range 

(c) 7 dny clock rotation 

(c1) Chart No I P 250-\YlO-S, Arceo Hecorc1ing Churts 

(0) Bclilove Company model 1207 1 7 valve 
manifolds 

(2) Pipl~linc Cro~;!;ovcr t·ll' LCL'3 

Cxo~;~;overs ;n-(~ equiI>pcc1 \vi Lh I'J"1' DilrLon 
Diffcl:C:'ntLLl FIcM l\cco.1."Clc)~s (2-\';<1Y) I'lode! 
No. 202]L 

(it) 10-0-10 p:;ig c1if[(~l:C:nt:Ld. lwcssurc l:i\ngc 



(c) 7 day clock rotation 

(d) Chart No. F-GI007, Arceo Recording 
Charts 

(e) Belilove Company Model 1207, 7 valve 
manifolds VIi th tHO static connection~; 

(3) Meter Calibration and Inspection 

(a) All meters are shop calibrated prior to 
initial service and when reconditioned. 

Differential bellows calibration 

Differential calibration is accomplished 
VIi th a J.1criam Instrument Company tlode 1. 
No. 33KB35 mer~ury monometer with a dual 
scale: No. RC63'79, ranges of O-lOl inches of 
mercury or 0-4942 psig. 

static s~ring calibration 

static calibration is accomplished with 
a Seegers Precision Pressure Transfer 
Gauge (Reference Standard) 0-800 psig 
calibrated for pneumatic use. 

The Seegers gaugeis calibrat.ed \-lith an 
Ashcraft DcachleiC]l1t 'l'este.:c, Sel~ial No. 
IHA-E>4695. 'rhe Testers Certification of 
Accuracy is traceable to N.D.S. Test No. 
323.09/204651 dated October 21, 19'7l and 
N.B.S. Test No. 38126 dated March 4, 
196B. A Certification of Accuracy was 
issued for the Dead~eight Tester dated 
october 20, 1972 by Dresser Industrial 
Valve and In.strument Division, Stratford, 
Connecticut. 

Accuracy~ l/lOth of 1% of indicated pressure. 

(b) Field Meter Inspection 

)\11 charts (lre chan~JCd on r.1onc1oy of eileh 
week. Recorders arc inspected for 
)11(llfunction~] at thi~; time and repaired if 
necessary. 

1\11 field n~con1C':t:s lll~e in:-:pected anc1 
ca libl:tl U. on :i s checked \v:i. t.h l1\lt~~ tel' to!; t 
9Zltl9 c :; once per month. Eqll.i.pmCl1 t. u!;cd 
1'0),' ca1il.)1:Lltion check :i.~> <1.:, £0110\v5: 
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DifferenU.ul is checked Hi th rET Darton 
l1oc1el 227 Indica t01~S I di f icrcntia 1 
range~c; I 0-·20 psig and 0-25 psig I serial 
nos. 227-71050 and 227-84013 respectively. 

Sta tic cbeck .is made with !>1cu::-sh Has ter 
Test Cauges, T~pc 2l0, 0-200 psig, 
(Deachlei~Jht. proved) . 

Field e.tT01: exceeding .1 psiS di.fferential 
or 2 psiS stutic, requires removaJ of 
t)w. t. instnlll1ent [01: rcconcl.i tioning and 
installati.on of a re-calibrated recorder. 

(1) Orifice Plates and Moter Runs 

(a) All orifico plates Clre machined 1.:0 the 
nearest thousandth of an inch. 

(b) Meter run inside diClmeters arc calipered 
to t.he nearest thou~-jandth of an inch. 

(c) All or.ificc~ flanges are flZln9c··"tClppcd. 

(d) Inspection of equipment 1S as ~ollows: 

Orifice plates and meter runs Clye 
inspected for wear and are recalipored 
to tlw ncan;~3·t t:hOU~;Clnd th of iJn inch c1ur ill~f 
u.ni t shutdO\'ll)s, 

Orifice pJCltes are replaced or re-Jnc\chincd 
if wear is detected. Experience has 
indicated neg1.i9ibl0 \'lear. 

Inspection period depends on uni t and \·7011 
production perfm:mance. 1111 orifice 
plates and mete:( runs arc inspected a 
minimum of once every two years. 

\\lhn)) an un~_;chc.dulcd out<l<]e OCC\.t):S a c1ctel'lllinai.:ion 
is made of ·tho cause of the ou l:.:1ge and. the estim,l ted 
time of rcp:1:iT. In ~~ome cases the cau~;e of failure! 
cal) be CJui.cJ~ 11' con:cc ted lind tlw uni. t brong h t IX1C k 
on line. Ivhcn tlw outaqc l.~) mot'c cxtCJ1{.:;.i.ve f tlle 
follO\vil1<] prOCOc1ll1:(~~; \'lill be' [ollo\V(;c1. 

(1.) Uni t ~;hl\ tdo\vn 01: cnd.:lli Imcn t. of lcr,s t.han 
2 ho\n·~;. 

}\d:i \'1!~ t. !~ t<~i\l\\ f3upply f;Y!, i:L'll\ to iW1Xl mum Ven t: 
}/):'('!,!;un; • 
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(2) Unit shutdown or curtriilment of 2 to 24 hours. 

1~c1:i us t s teilm supply sys tem to lTlClximum ven t 
pref3sure. 

'J'hrottle \'lC~lls equipped \'Jith vce·-ba11 valves 
in .uni t area to a wellhead £10\·,ing pressure 
of 300 psig. 

(3) Unit shutc10vill or curtailment of 21 to 9G lIourc;. 

Adjust stearn supply system to maximum vent 
pre~;sure . 

Throt.tle wells equipped wi th voe·-ball valves 
in unit area to fully closed position (this 
\'liLl reduce £10\" from 'dell to approximately 
20% of capacity) . 

Adjust: crossove.r. piping ~;ystem to maximize 
steam transfer to adjacent unit: C1reas. 

Throttle wells equipped with vee-ball valves 
in adjacent unit area as required to balance 
steam supply 'Ivi th demand, 

H) Unit shutdO\-l)) or clutailment in eXCCS~3 of 4 
days. 

All procedures as in situation (3) above shall 
be initiated, 

Shut-·in \'leIL) as required in affected and 
adj acent uni t areas to e limina t.e steam 
venting. 


