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SMUDGEO #1 
SACRAMENTO MUNICIPAL UTILITY DISTRICT 

FIRST GEOTHERMAL UNIT 

r 

A. INTRODUCTION 

This description of the SMUDGEO #1 geothermal 
power plant of the Sacramento Municipal Util- 
ity District (SMUD) and its associated well 
field development has been prepared to acquaint 
persons with the project. 

1. 

2. 

By: 
Lee R. Keilman 

Sacramento Municipal Utility District 
6201 S Street 

Sacramento, CA 95813 

B. STEAM WELL FIELD 

Site Location 

The SMUDGEO #1 plant site is located nine 
miles northwest of Middletown, California, 
on the eastern edge of Sonoma County in the 
area known as the Geysers. Access to the 
plant site is via Highway 175 northwest out 
of Middletown to the Old Socrates Mine 
Road. Follow Socrates Mine Road then turn 
north on the fire road just west of Geysers 
Unit 13. Santa Rosa is the nearest major 
community, located about 24 miles south of 
the site. 

Aminoil Leasehold 

The steam field leasehold covers 396 acres 
of steep hills with elevations ranging from 
2700 to 3800 feet. This leasehold is in 
the southeastern part of the Known Geother- 
mal Resource Area (KGRA). Estimates of 
electrical resources from this area range 
from 2000 to 2600 megawatts. 

Both the surface and sub-surface (mineral) 
rights of the 396 acres are owned by the 
federal government. These rights are ad- 
ministered by the Bureau of Land Management 
(BLM), the surface manager, and the U. S. 
Geological Survey (USGS), the sub-surface 
manager. 

Geothermal resources like the Geysers are 
found in areas where the hot molten rock 
from the center of the earth has been 
thrust upward through recent volcanic ac- 
tions. Water contained in permeable rock 
formations near such heat sources becomes 
heated, rises up to the surface, and ap- 
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pears as hot springs, fumaroles (steam 
vents), or geysers. 

3. Steam Wells 

To utilize this underground source of geo- 
thermal heat energy, deep wells ranging 
from 7000 to 9000 feet deep must be 
drilled. These wells are drilled in the 
same manner and with the same drill rigs 
as oil and natural gas wells. 
steel well casings are installed to depths 
of 4000 to 5000 feet and sealed with con- 
crete. 

Carbon 

Drilling a well takes from 2 to 3 months 
and costs from 2 to 2.5 million dollars. 
Below the casing levels, well bores are 
allowed to drift along the natural frac- 
tures in the rock formations. Bottom hole 
positions can be several hundred feet from 
the well pad. 
150,000 pounds per hour.of steam at 115 
PSIA with 10°F of superheat. 
enough steam to produce 7 to 8 megawatts. 
There are two wells completed on the 
leasehold. Well CA 1862-3 is 7975 feet 
deep and produces 80,000 pounds per hour 
of steam. Well CA 1862-4, which was com- 
pleted this month to a depth of 8357 feet, 
has not yet been flow tested; however, 
early indications on this well are that it 
will only flow from 70,000 to 90,000 
pounds per hour. An additional well will 
be completed before the fall rainy season 
and hopefully be more productive. 

It is anticipated that it will take up to 
eight or nine production wells and one in- 
jection well to run the District's nominal 
55 MW plant. 

Geyser wells average about 

This is 

4. Steam Gathering System 

Each well is equipped with several shutoff 
and vent valves, a rock catcher, and dust 
separator.Aminoi1 proposes to use five well 
pad sites to develop the 396 acres. Typi- 
cal rule of thumb for Geysers development 
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is to drill a well every 40 acres. 

Multiple wells will be headered together 
at the well pads and then routed in the 
most economical way with a minimum envi- 
ronmental impact. 
to the plant site fence line in a 36" di- 
ameter insulated carbon steel pipeline. 

Steam will be delivered 

5. Contract with Aminoil 

SMUD has a steam supply contract with 
Aminoil which requires them to deliver 
1,100,000 pounds per hour of steam at 115 
PSIA to the plant site fence line. The 
present 1980 cost of this steam is $1.00 
per thousand pounds, or at full load on 
the plant SMUD would be paying $1100 per 
hour. This is equivalent to an energy 
cost of about 7 million dollars per year. 

Along with the steam comes hydrogen sul- 
fide gas, which smells like rotten eggs 
and can have a harmful effect on humans. 
The Aminoil contract requires that the H2S 
in the steam be limited to 200 PPM. 

C. PLANT LAYOUT, COST, AND SCHEDULE 

1. Site Layout 

The power plant site is located in the 
northwest corner of the Aminoil 7 West 
Leasehold. This location is dictated by 
the steep and rugged nature of the terrain 
Approximately six acres will be leveled 
for the plant site proper. 

As indicated above, the primary access to 
the site will be via the existing fire 
trail from the Socrates Mine Road. This 
trail will be upgraded, to include paving. 
A secondary access road leads from the 
site to the southwest. 

Major structures or facilities on the site 
include the turbine building, the cooling 
towers, and the H2S abatement facility. 
An admin/warehouse/shops building is also 
shown on the site layout, although a final 
decision on construction of this building 
has not yet been made. 

The arrangement of the buildings on the 
site is keyed to the required orientation 
of the cooling towers, parallel to pre- 
vailing winds, and to the available area. 

2. Cost Estimate 
/- 

\ 
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The total project cost is currently esti- 
mated to be approximately $54 million in 
1984 dollars. This is an order-of-magni- 
tude estimate, prepared before the place- 
ment of major equipment and construction 
contracts. Of this cost, $29 million is 
attributable to capital costs, plus $4 
million of construction-related costs. 
Other major costs include approximately 
$4.6 million in indirect costs, $8.8 mil- 
lion as an allowance for inflation, and 
and $6.5 million as an allowance for funds 
used during construction. 

Total operating and maintenance costs are 
predicted to be 46 mills/KwHr when the 
plant commences operation. Of that, 27 
mills/KwHr will be for the steam supply. 
The plant is expected to generate approx- 
imately 385 million KwHr per year. 

Project Schedule 

The SMUDGE0 #1 project was initiated by a 
SMUD Board of Directors resolution to pro- 
ceed in February 1979. The Architect/En- 
qineer, Stone & Webster Engineering Corpo- 
ration, was placed under contract in late 
June 1979. 

Initial work on the project consisted 
largely of preparing the Application for 
Certification (AFC), the major licensing 
document for construction approval. The 
AFC, which has a one-year review cycle, 
was filed with the California Energy Com- 
mission on February 19, 1980. Current 
licensing activities include a series of 
workshops and preparation of responses to 
interrogatories from the CEC, prior to 
their issuing a Preliminary Report and a 
Joint Environmental Statement. 

Considerable effort is also being devoted 
to the preparation of specifications for 
the purchase of equipment. A contract was 
awarded on May 2, 1980, for the turbine- 
generator, key equipment for the plant. 
Other major equipment, such as the con- 
denser, cooling towers, and H2S abatement 
system, will be purchased in the summer of 
1980. 

Construction is scheduled to start in 
April 1981, after approval of the project 
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by the CEC and the Board. 
will take place in the spring and summer, 
with the civil/structural contractor com- 
mencing work in July. 
the first season's construction work is 
erection and enclosure of the turbine 
building by December, in order to allow 
construction of the turbine pedestal and 
erection of the turbine-generator to pro- 
ceed under cover. Erection of the turbine- 
generator, condenser, and cooling tower are 
scheduled for mid-to-late 1982. Startup 
activities will commence in early 1983, 
with commercial operation scheduled for 
December 1983. The schedule is shown on 
Fig. 1. 

Site grading 

A major objective of 

D. POWER CYCLE 

1. Typical Cycle 

Steam supplied by the well field developer 
is expanded through a turbine which drives 
the generator. The spent steam is ex- 
hausted into a surface condenser where it 
is condensed and collected. Circulating 
water is provided to the condenser for 
cooling. Circulating water is itself 
cooled in the cooling tower. The conden- 
sate is pumped as makeup to the circulating 
water system. Excess water is returned to 
the steam supplier for injection. This 
cycle is shown on Fig. 2. 

2. SMUDGEO #1 Cycle 

The cycle for SMUDGEO #1 has been optimized 
to provide the most power per pound of 
steam as can be justified economically. 

A larger turbine, condenser and cooling 
tower are provided. 70 MW is produced from 
the same amount of steam as it takes in the 
typical cycle for 55 MW. 

3. Heat Balance Comparison 

For the approximate same amount of steam 
(pounds per hour), SMUDGEO #1 will produce 
70 MW as PG&E and NCPA #2 do to produce 55 
MW. The physical sizes of SMUDGEO #1 
equipment compare to PG&E 16, a 110 MW unit 
(Fig. 3). 

E. PLANT SYSTEMS AND EQUIPMENT 

1. Mechanical 

a. Steam Systems 
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b. 

C. 

Steam is supplied to SMUDGEO #1 at 
100 PSIG and 348OF. 
turbine throttle flow, noncondensable 
gas removal (two stage steam jet 
ejectors) and process steam to the 
H2S abatement system. Since large 
volumes of noncondensable gases are 
handled, the plant may be designed 
with a third stage motor driven vac- 
uum pump. 

A turbine bypass is provided to allow 
complete bypass of the throttle flow 
on a turbine trip. This will mini- 
mize the occurrence of the main steam 
safety valves. 

Steam Turbine 

It is used for 

The steam turbine will be supplied by 
Mitsubishi Heavy Industries. It is a 
four flow machine with 25 in. last 
stage blades rotating at 3600 rpm. 
It will normally produce 70 MW. 

Steam Condenser 

The condenser will be as surface type. 
It will have from 150,000 to 200,000 
square feet of 3/4 inch diameter 
tubes. It will be two zone, single 
pass operating at 1.35/1.70 inches 
Hg ABS. 

2. Cooling Water Systems 

a. 

b. 

C. 

Circulating Water 

The circulating water system will be 
comprised of four 25% pumps and a 
twelve cell cooling tower. 
be divided into two independent loops, 
crosstied for flexibility and relia- 
bili ty . 
Service Water 

It will 

Service water will be provided by two 
100% pumps. The water source will be 
the cooling tower basin and the hot 
water will be returned to this tower. 

Injection 

Condensate will be used as makeup to 
the circulating water system. Losses 
are due to evaporation and drift. 
Makeup in excess of these losses is 
returned to the steam supplier for 
injection. 



d. Cooling Tower 

The cooling tower is a wet, mechanical 
induced draft type. It will have 12 
cells and will cool 119,000 G P M  of 
circulating water from 89OF to 74OF. 
Drift will be approximately 1.2 G P M .  

3 .  Station Arrangement 

The station has been laid out on the site 
to keep all major structures in cut area. 
The main power block has been laid out to 
minimize piping and to have the most effi- 
cient tower siting. 

4. Electrical 

a. Corrosion 

Hydrogen sulfide in the air in the 
Geysers area has a deleterious effect 
on copper and certain other metals 
often used in electrical equipment. 
For that reason, other metals will be 
used for electrical contacts and key 
electrical equipment will be located 
in a clean environment. 

Electrical Design of Clean Air Areas 

Clean air areas will be provided for 
the electrical switchgear, relay, com- 
munications, logic, and control rooms. 
Air with a minimum of hydrogen sulfide 
will be provided for these rooms by 
filtering the incoming air and main- 
taining a slight positive pressure. 

b. 

c. Backup Electrical Design Features 

Certain redundancy is designed into 
the electrical features of the plant. 
This redundancy is particularly impor- 
tant in regard to operation of the 
turbine bypass system. 

5. Instruments and Controls 

a. Philosophy of Operation 

SMUDGE0 #1 will operate initially as a 
continuously manned facility, but will 
have the capability of being converted 
to a remotely controlled, unattended 
facility should future operations dic- 
tate. Supervisory controls and in- 
strumentation for all major equipment 
and systems will be located on a main 
control panel, which is located in the 

plant control room. The plant control 
operating area will be designed to 
permit one operator to supervise the 
operation of all major equipment and 
systems. 

C 
b. Basic Cycle Control Loops 

The following are the basic steam- 
water cycle loops. 

(1) Turbine Electro-Hydraulic Control 
(EHC) 
(a) speed control during startup 
(b) load frequency control while 

on-line 

( 2 )  Turbine Bypass System 
(a) bypasses geothermal steam 

around turbine directly to 
condenser during low/no-load 
operation 

( 3 )  Condensate Flow Control 
(a) condensate recirculation 
(b) condenser hotwell level 
(c) booster pump flow 

(4) Circulating Water F l o w  
(a) cooling tower-condenser loop 

(5) H2S Abatement System 
(a) primary system treats non- 

(b) secondary system treats H2S 
condensable H2S gas 

in solution 

c. Recording, Annunciating and Printouts 

The primary monitoring devices, i.e., 
hardwired annunciators, indicators, 
and recorders will be grouped on the 
main control panel according to the 
plant system they are associated with 
(Fig. 4). In addition, there will be 
a vertical segregation of monitoring 
and control devices to indicate prior- 
ities to the operator. 

The printing data logger will supple- 
ment the hardwired instrumentation and 
will provide selected supplementary 
alarm displays, trend displays and 
other selected data for historical 
record and review. 

The printing data logger is a program- 
mable, microprocessor based alarm 
scanner and logger, the failure of 
which would result in the loss of 
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operator access to many parameter val- 
ues. Therefore, safe plant operation 
will not be dependent upon the contin- 
ued operation of this device. The 
plant will be operable and capable of 
being maintained in a safe condition 
with only the hardwired equipment 
functional. 

F. PROBLEMS/DESIGN CHALLENGES 

1. H2S Abatement 

a. Gas Treatment 

The steam furnished by Aminoil to op- 
erate the plant will contain non- 
condensable gases (approximately 0.3 
percent), to include hydrogen sulfide 
(H2S) gas (60k20 ppm). The non- 
condensable gases will largely be 
drawn off from the condenser. 

Hydrogen sulfide constitutes the most 
significant. potential pollutant from 
the plant. The District has committed 
to an emissions limit of 50 grams per 
gross megawatt hour, provided that air 
quality studies do not demonstrate 
that a higher limit is justified. In 
order to meet this limit it will be 
necessary-to treat both the off-gas 
and condensate. 
treated in a Stretford system (Fig. 5) .  
This system uses a wet chemical proc- 
ess to remove 99+ percent of the in- 
coming H2S. 

The off-gas will be 

b. Condensate Treatment 

As indicated, a portion of the H2S 
will remain in the condensate. Sev- 
eral possible methods are currently 
under study for removing all or a por- 
tion of the H2S from the condensate. 
These are: 

(1) Oxidation with hydrogen peroxide 
(2) Air oxidation 
( 3 )  Ozone oxidation 
(4) Condensate stripping 
( 5 )  Ammonia fixation 
(6) Iron catalyst/sulfate oxidation 

The first and last methods are being 
used (or have been used) by PG&E at 
the Geysers. 

Further engineering and laboratory 
work are necessary before a condensate 
treatment system is adopted. 

c. Steam Stacking 

Steam stacking occurs when a steam sup- 
plier releases steam to the atmosphere 
(other than minor venting). This is 
generally associated with power plant 
outages. Since a release of greater 
than about 30 percent of full steam 
flow would result in violating emis- 
sions limits, Aminoil is responsible 
for abating the emissions. 

The proposed method for controlling 
steam stacking is to install a bypass 
which will allow incoming steam to 
flow around the turbine directly to 
the condenser. This system has advan- 
tages for the District, as well, in 
that it will allow flexibility in oper- 
ation. 

2. Land Disturbance and Mitigation Plans 

Approximately 9.6 acres of terrain will be 
affected by construction of SMUDGE0 #1. 
The plant site within the fence will dis- 
turb 5.3 acres of land. The well pad ac- 
cess roads and the parking area will affect 
1.6 acres. The fill areas and sedimenta- 
tion pond will disturb 2.1 acres, and the 
site access road and associated fill will 
disrupt about 0.6 acres. Permanent loss 
of vegetation cover will occur in the 
areas mentioned above. Certain animal spe- 
cies in the disturbed areas will be lost 
(e.g., mice, rabbits, certain terrestrial 
invertebrates, etc.). However, certain 
animal species will benefit by the creaticn 
of open spaces and "edge" effects (e.g., 
deer) . 
The development and implementation of spe- 
cific measures to offset unavoidable losses 
associated with a particular land use al- 
ternative is termed "mitigation. " Mitiga- 
tion measures associated with SMUDGEO #1 
include the employment of revegetating 
disturbed land surfaces with appropriate 
native plant species (grasses, shrubs, and 
certain tree species such as oaks). Irri- 
gation systems, hydromulching with straw 
and seeds, and plastic netting will all 
help to insure better revegetation success. 
Distributing topsoil over the disturbed 
land will further enhance the revegetation 
efforts. The creation of browseways by 
stockpiling removed vegetation to create 
brush piles, and controlled burning will 
benefit wildlife and plant life alike. 
Leaving intact shrub root crowns and roof 
bushes along the perimeter of disturbed 
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3 .  

lands will also aid the revegetation ef- 
forts. Exclosure fencing of plants used 
in revegetation might also help their sur- 
vival chances from adverse effects of mule 
deer browsing. Revegetation will be moni- 
tored periodically during the years fol- 
lowing initiation. 

No adverse impacts are anticipated on 
wildlife and fish species near the site - 
this includes any threatened, rare and en- 
dangered species and species of special 
concern. 

Compliance and Monitoring Plan 

The Energy Commission's regulations re- 
quire SMUD to prepare a "Compliance and 
Monitoring Plan." This document describes 
the manner in which SMUD will comply with 
applicable laws and regulations in the de- 
tailed design and construction of the 
plant. The monitoring portion of the plan 
describes the manner in which SMUD will 
ensure that the plant "as built" is in 
compliance. Examples are measurements for 
hydrogen sulfide emissions and the suc- 
cessfulness of the revegetation plan in 
m i n i m i z i n g  erosion. Since SMUDGE0 #l w i l l  
be sited on federal land, the Energy Com- 
mission does not have any direct control 
once the AFT is approved. Rather, the 
USGS and the Commission will jointly ap- 

prove the Plan, which will then be admin- 
istered by the USGS. A similar plan has 
been implemented for the NCPA No. 2 pro- 
ject, which is also on federal land. 

C 
4. Access Roads and Road Maintenance 

As indicated previously, the primary access 
road for construction and operation will 
be from the Socrates Mine Road through 
Birdsong Meadow along the existing fire 
trail to the site. The only new construc- 
tion will be a short segment around the 
original Aminoil well pad to the site gate. 
The District is committed to paving the 
access road across the Aminoil leasehold. 
Some minor realignment may be done, apart 
from the new segment, as a part of up- 
grading and paving the fire trail. 

A secondary access road leads from the 
southwest corner of the site to the paved 
road below. This road, currently in ex- 
istence, is steep and little more than a 
trail. It will be upgraded a certain ex- 
tent, but is intended only for emergency 
access. 

I n  t h a t  the p r i m a r y  access road w i l l  be 
paved, maintenance will be limited to en- 
suring that the drainage system along the 
road remains functional and that the road 
surface remains in good repair. 
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