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NOTICE

This report was prepared to ascertain the technical and cost feasibility of a 100 MWe
solar thermal power plant. Data and information contained herein should not be
construed as guaranteed or absolute. Each and all participants do not: (a) make any
warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
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SOLAR 100 CONCEPTUAL STUDY

I INTRODUCTION -

f-A. BACKGROUND

This study was conducted to determine the present day feasibility of designing and
constructing a commercial size (100 MWe) solar thermal power plant, to be located in the
southwestern United States. A conceptual design was developed and its financial aspects
were explored; the study included consideration of:

o Alternate systems
o Capital operating and maintenance costs
o Financing and tax implications

o Ownership by private utilities, municipal or other public agencies, or private
investors '

This report describes the procedures, conceptual design, financial analysis and the
conclusions and recommendations. Figure l.A.l is an artist's rendering of the central
receiver solar plant which uses 2 heliostat fields to produce a nominal 100 MWe net at a
60% capacity factor.

Figure l.A.1. Soler 100
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The further development of solar energy at this time is particulariy desirable, in order to
decrease the country's dependence on imported oil. For this reason, tax incentives are
offered by the government for its development; these were examined during the study
ond their implications are explained in this report.

Three major corporations, each with its own expertise, pooled their resources as
participants in the study. The three companies and their primary responsibilities in the
study are: ‘

Southern California Edison Company (SCE)

o Design and Selection Criteria

o Piant Value Analysis

o Siting and Regulatory Investigations

o Steam Cycle Process

o  Overall Study and Report Responsibilities
McDonneil Douglas Corporation (MDC)

o Receiver Design

o Steam Generator Design

o Alternative System Evaluations
o  Collector Field Design

o Storage System Design

o Plant Control Design

o O&M Cost Estimate

o Performance Analysis

Bechtel Power Corporation (BPC)

0 Capital Cost Estimate

o Thermal Transport and Storage
o  Process Flow Diagrams

o  Tower Design

o Project Schedule

° Turbine Plant Design

o Balance of Plant Design

-2




I-B. PURPQOSE

The purpose of this conceptual study is to quantify the technical and cost feasibility of
constructing a commercial solar thermal power plant. The bus bar energy costs will have
to be below that of Edison's "avoided cost" in order to demonstrate cost feasibility. The
demonstration of technical feasibility was investigated through design analysis and risk
assessment of the scheme chosen. It is the intent of the Edison Company to engineer,
construct and start up the Solar 100 plant by 1988 should the Project demonstrate
viability.

i-C. UTILITY ADVISORY BOARD

in order to disseminate information on the Solar 100 Project and to solicit comments on
the conceptual study, the Utility Advisory Board (UAB) was formed. The UAB consists of
various southwest utilities which would have o commercial interest in a cost-effective
solar thermal power plant. The binding parameter which is common to all members of
the UAB is the availability of solar sites; the southwestern portion of the United States is
recognized as one of the best areas in the world for solar development. In order to
achieve cost-effective power production, 75,000 heliostats must be sold and a
prospective market for purchase of these heliostats are the southwest utilities.

The participants presented two status reports and will make a final presentation of the
study’s conclusion and recommendation in connection with the Solar 100 Project. Further
action by the UAB as a group or as individual identities will be contingent on the
development of large scale commercial solar power.

1-D. REPORT FORMAT

This report is comprised of two stand alone documents: the “"Executive Summary" and
this full report entitied "Solar 100 Conceptual Engineering Study." This latter document
provides detail methodology and results of the study while the Executive Summary
provides an overview, :

The full report is comprised of the following twelve chapters:

| Introduction

1l Project Critiera

1l Alternate System Concept

v Description of Selected Plant
v Performance

vi Siting

Vil Regulatory Analysis

VIl Economics/Cost

IX Risks and Constraints

X Schedule

Xl Utility Advisory Board Input
Xl  Conclusions/Recommendations

In addition, a Reference List is also provided at the end of the report. The Reference
List is in lieu of an appendix and represents both a technical source and documentation to
the study. -
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li. PROJECT CRITERIA

The Solar 100 plant will be the world's largest solar thermal power station rated at |10
MWe (gross). The purpose of this chapter is to present the plant requirements, design
criteria eand an overview description of the solar control receiver power plant systems
and processes.

fl-A. REQUIREMENTS

The Solar 100 plant was conceptually designed to be integrated into Edison's electrical
grid system. Presently, the system consists of approximately 15,000 MW of installed
capacity and is comprised of various generation mixes, principally oil/gas, hydro, coal
and nuclear generating units. In addition, Edison purchases substantial amounts of energy
from the Pacific northwest and the southwest. It is also understood, that a generic type
of plant is required to permit instaliation by different utilities anywhere in the southwest
United States. As such, the plant was designed based on the following requirements:

. The plont will be designed to delivery |10 MWe gross (net to the Edison grid is
assumed at 100 MW). The plant will be capable of providing maximum load when
operating solely from insolation for a period of four hours on the least favorable
solar day of the year. The plant will be a stand alone design.

2. The plont will be capable of providing the maximum load for a period not less than
eight hours when operating solely from insolation on the most favorable solar day of
the year.

3. Insofar as possible, the plant will be designed generically to provide a common
design suitable for use anywhere in the southwestern part of the United States
(including Hawaii).

4. The plant will have o mechanical availability factor of 96% (1.0 - forced outage
rate) inclusive of furbine-generator, condenser, boiler, collector field and balance
of plant. This mechanical availability is consistent with other oil/gas units on the
Edison system. It is understood, of course, that weather conditions may preciude
operagtion from time to time. However, since Edison is a summer peaking utility
(due to air conditioning loads) on those days when the solar plant is not operating,
the plant will not be required for peaking (i.e., Edison does not peak on cloudy or
stormy days). .

5. Maintenance ond warehouse facilities will be kept to a minimum; Edison's division
maintenance will provide all major maintenance support.

6. The plant will be designed with no consideration for capacity eniargements (i.e., no
provisions for a second unit on same site).

7. The capacity factor will be that which produces the lowest bus bar energy costs
determined by: '

number and cost of heliostats
amount of land required
receiver cost

storage cost

cost of generation equipment

k1
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This capacity factor was found to be 60%. However, due to the dispatching
requirements of the Edison system, it is advisable to produce the same amount of
annual energy in o shorter period. Accordingly, although further analysis is
reguired, Edison will probably require a capacity factor of 25-40% with @
generating capacity of 240 to |50 MW's (see Section III-E).

DESIGN CRITERIA

The plant was designed based on the following criteria:

L

All systems will be designed in accordonce with Edison's Standard Design Criteria
(Reference 11.B.l) insofar as they are applicable to solar design. The design criteria
include guidelines on: '

- architecture/design of control/administration/warehouse facility

- security/fencing

- landscaping

- codes and standards

- concrete/steel criteria

- foundations.

- piping

- equipment

- protection

- switchgear & MCC's

- lighting/roadways

- control criteria

The plant will be designed to withstand flooding consistent with a risk/cost analysis.
The plant will have a 30-y.ear\ design life.

The plant will be designed in accordance with the seismic criteria of the Uniform
Building Code,

The plant will be designed in accordance with the environmental conditions (e.g.,
temperature, insolation, winds, etc.) as specified in the Aerospace Report No. ATR-
78 (7695-05)-05 (Reference 11.B.2).

The following codes and standards as applicable will apply as applicable:

- American National Standards Institute (ANSI)

2



- American Society of Mechanical Engineers, Boiler and Pressure Vessel Codes

- American Society for Testing and Materials

- Heat Exchange Institute
- National Fire Protection Association
- National Electrical Code

12
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- Cal OSHA (Title 24)
- National Electric Manufacturer's Association
- Institute of Electrical and Electronic Engineers

- Uniform Building Code

- American Institute of Steel Construction
- American Welding Society

- American Concrete Institute

- American Water Works Association

The plant will be capable of normal load additions of 3 MW per minute and
emergency load additions of 5 MW per minute. ' '

The unit will be base loaded.
The plant's minimum load capability will be 25% of base load.

The staffing of the plant, inclusive of solar equipment, for each shift (total of two
shifts) will be 67 operating and maintenance personnel.

One control operator will be onsite during periods of no generation.

Turbine maintenance will be 6 weeks every 4 years (assuming 1,800 PSIG operating
pressure).

Storage capability will be sufficiently large o carry Edison's winter peak (8:00 P.M.
evenings).

SYSTEM SELECTION CRITERIA

The following criteria were used in determining design selection:

I ®
2.
3.
4.
S.
é.

Performance

Capital Cost

Technology Readiness

Technical Risk

Nonrecurring Costs

Operating and Maintenance Costs

13
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0.
1.

Reliabiiity, Maintainability, Availability

Safety Hazards
Operability

Schedule

Generic Adaptability

ECONOMIC SELECTION CRITERIA

The Solar 100 plant feasibility was evaluated based on the following criteria:

initial Operating Dates

Q.

b.

C.

Unit | - Module |
Unit | - Module 2

Economic Factors

Base Year for Present or
Future Worth Calculations

Plant Economic Life
Cost of Money (for utility ownership)

Cost of Money (for entrepreneur
ownership)

Annual Carrying Charges
(for utility ownership)

Present Worth of Facilities
Carrying Charges

Annual Capital Escalation Rate
(1981 - 1987)

Annual O&M Escalation Rate
(1987 - 1990)
(1990 - 2017)
Levelized In-Plant Fuel Cost

Annual Avoided Cost Escalation Rate

1982 - 1985
1986

1987 - 1990
1991 - 2017

Systemn Incremental Cost (1988)

Capacity
Fuel
O&M

*based on 100% capoci'r} factor

114

Levelized

27! mills/kWh
§21/kW=yr.

July, 1986
July, 1987

1987
30 Years
15%

20%
25.0%

.64

- 10%
9%

Not Applicable

11.0%
10.0%
9.6%
9.3%

Present Worth

$930/kW
§15,57 1 /kw=
$136/kW



d. Maturity Factor

In order to assess the economic value of the plant, the amount of energy produced
is, of course, of paramount concern. However, tc assume that the plant will be
‘ capable of operating at its design capacity factor the first year of operation is
| unfounded. All plants, and especially one of a new or unique design, will have
operating "bugs" for several years. Consequently, "Maturity Factors" have been
applied in an attempt to quantify the energy produced during the first five years of
operaiion. A review of recent years fossil plant startup indicates industry average
Maturity Factors of:

Ist Year - 81.7%
2nd Year - 94.6%
3rd Year - 97.9%
4th Year - 99.4%
5th Year - 100.0%

When applied to the entire Solar 100 plant on @ modular startup basis (i.e., Module |
in services 7-86 and Module 2 in services 7-87), these Maturity Factors result in the
following percentages of mature plant annuai energy output:

1986 = = = = = 21%
1987 « === == 66%
1988 c = = = = = 93%
1989 - c == - = 98%

= 1990 - Beyond - 100%

Prior fo developing this maturity schedule, it was assumed that the solar plant
would have modular Maturity Factors of 50% in the first six months followed by
100% thereafter. This assumption, with modular startup, resulted in the following
percentages of mature plant annual energy output:

1987 - v o = = = 62.5%
1988 - Beyond ~ 100.0%

The latter maturity schedule penalizes the plant in the first two calendar years of
operation and provides 375% of the mature annual energy in the first five years
while the former provides 376% of the mature annual energy in the same five years
of operation. Therefore, the 12.5%, 62.5% and 100.0% mature profiie results ina
slig?ﬂy more conservative onnual energy and was selected for use in the financial
analysis.

lI-E. SCOPE LIMITATIONS OF ASSUMPTIONS

This conceptual study had several limitations due to time and funding restraints. The
major limitations identified are: )

l. Siting

At the beginning of study, a specific location had not yet been seiected for the
Project, and accordingly, it was assumed that the site would be a "generic"
‘Barstow-type environment. Probably, the most important site specific parameter
which was assumed for the Project was the solar insolation data. Barstow, being
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the sitfe of Solar | (@ 10 MWe solar thermal demonstration facility, see
Reference Il.E.]) had a significant amount of solar insolation and meterology data
already recorded. Accordingly, this data with minor modifications was used at the
nearby selected site in Lucerne Valley.

Capacity Factor

I+ was the infent of the study to determine the size and loading of the solar plant to
meet two different criteria:

1) a generic plant design which would be applicable to location anywhere in the
southwestern United States and Hawaii, and

2) a plant which would best suit Edison's dispatch requirement,

Capacity Factor is defined as: Annual kWh divided by maximum capacity rating X
8,760 hours.

The study determined that a 100 MWe plant operating at a 60% capacity factor
would produce the least bus bar energy cost. However, Edison's initial investigation
into dispatch requirements indicated a plant of 25-40% capacity factor would be
optimum. Further analysis indicated only a slight cost penalty associated with
reducing the capacity factor from 60% to 40% assuming a constant energy
production (i.e., by reducing the capacity factor from 60% to 40% and raising the
nominal peak capacity from 100 to 150 MWe). For purposes of this study, a generic
100 MWe, 60% capacity factor plant was assumed with a determination made of
cost sensitivity to variations in capacity factor.

Stand Alone Design

For costing purposes, a complete stand alone design was assumed, However, since
the plant is contemplated on a site adjacent fo a peaker park, certain cost benefits
through the dual use of systems could be expected (e.g. service air and water,
firewater, instrument air, etc.).

Existing Data

Existing data was used as much as possible. Aside from the Barstow insolation
data, substantial information from Sandio National Laboratory and other DOE
sponsored agencies were also used. Data and information used in the report is
compiled in Chapter Xlll, "References."

CENTRAL RECEIVER CONCEPT

The Southern California Edison Company has a corporate goal to achieve approximately
300 MWe of solar power by 1990. This power is presumed to be developed from a variety
of energy sources:

Solar Salt Pond
Photovoltaic (PV)
Solar Thermal! (Trough, Heliostat and Dish)
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. The Edison Company is presently studying (in-house) the benefits of a solar salt pond and
PV's. Both the salt pond concept and the PV's will have demonstration facilities in the
1985-1987 time frame. The DOE, in conjunction with Sandia Laboratories, has studied
the relative cost of producing heat using troughs, heliostats and dishes. As a result
of these analyses, the DOE funded (with Edison as one of the minority partners) the
10 MW central receiver located at Barstow, California. The Barstow Project, while not
intended fo be an economically viable piant, will demonstrate solar techology and will be
an invaluable learning tool for the 100 MW solar plant.

The central receiver concept has been studied by others ond there is a general consensus
that the ceniral receiver is the most cost-effective method of lorge-scale power
production. Work is continuing on the other types of solar thermal processes (dish and
trough). However, it is expected that the ultimate uses of these alternatives will be
different from the heliostat system. The parabolic dish is probably best suited for
remote power generation in those areas not served by a central grid. Power production is
expected to be on the order of about 25 kW per dish, The parabolic trough will probably
be relegated to collection of process heat (LOOOF -600°F) although several trough
manufacturers are proposing large centralized systems for power production.

The Solar 100 plant will be the largest solar thermal powered generating plant in the
world and will represent an order of magnitude scale up from the 10 MW Barstow piant.
There is, of course, inherent risk in the magnitude of size increase and these risks will be
discussed later in this report. The 100 MW size and the determination of the 60%
capacity factor were by calculated methods to produce the lowest bus bar energy costs.
Sensitivity analyses were also made to determine the penalty associated with decreasing
the capacity factor and increasing the capacity while holding the annual energy
production constant. In other words, the solar components, (i.e., collector field and
receiver) were held constant and the storage, steam generator ond turbine cycle are
varied.in size. Essentially, the analysis showed only marginally higher bus bar energy
costs if the capacity is increased proportionally to a decrease in storage capability.
Accordingly, the central receiver concept will be suited for a wide range of dispatch
requirements with little costs incurred if the capacity factor is varied and annual energy
production is constant.

1-G. OVERALL PROCESS - GENERAL

The solar thermal power plant is sized to produce a nominal 100 MWe net when operating
at rated conditions. The selected receiver fluid is moiten nitrate salt; however, further
consideration of alternate fluids may be desired before a final selection is made. A two-
module collector field is used, each with a separate tower; however, the power block will
be common to both fields. The capacity factor is estimated at 60% which therefore
requires a solar multiple of 2.4 (i.e., ratio of total solar power to thermal input to steam
generator). The steam cycle uses one standard reheat utility turbine of approximately
| 10 MWe gross rated capacity.

The concept of solar thermal electric power is relatively simple and is illustrated in
Figure 1l.G.l. Solar radiation is collected at the receiver by the use of reflective mirrors
called heliostats. The heliostats frack the sun (by computer control) and refiect the
sunlight back to the receiver. The layout of the heliostat positions is called a collector
field which may completely surround the tower (similar to the 10 MW Solar Plant at
Edison's Cool Water Generating Station at Daggett) or the entire heliostat field may be
located north of the tower which is the case for this study. The receiver is a partial
cavity type which means it is designed to minimize re-radiation losses. Molten salt (or
other fluids) used as the receiver fluid will be heated by the solar insolation and cooled
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Figure 11.G.l. 100 MWe Solar Central Recsiver Plant

by water/steam in the steam generator. The receiver fluid circulation is therefore a
closed loop, constantly circulating the molten salt fo provide heat to the steam cycie.
Once steam is produced, the electric power is produced using a conventional Rankine
cycle.

An important aspect of solar thermal eleciric power is the requirement for heat
storage. In order to reduce the cost of eleciricity produced by the plant, the facilities
must be used as much as possible. Therefore, a heat storage system is used fo store
excess heat produced during the day for use at night or on days with no sun. There is an
economic point of diminishing returns, however, as any storage system which could store
sufficient heat fo run the plant at full load for greater than twelve hours could be
counterproductive. In other words, if there is heat in storage at the beginning of a sunny
day, towards the end of the day there may be insufficient storage capacity for all the
heat collected (i.e., the storage system is filled too early since the system did not start
at empty). Accordingly, studies indicate approximately 8-1/2 hours of storage are
required to minimize bus bdr energy costs. Further analysis and optimization were also
required to better define the "worth" of capacity and energy to the Edison system which
would also affect the determination of capacity factor. Worth of capacity and energy to
the Edison system are described in Section VIL.C.

The study was site specific with location of the solar plant at the proposed Lucerne
Valley peaker park. Originally, the park was to have 20 gas turbines/generators each

18




rated at 5 MW's. With the addition of the 100 MW solar plant, the peaker park has been
reducec to |8 gas turbines. The solar power plant layout is illustrated in Figure IV.A.1.
As noted, the solar plant is located in the northern two thirds of the site with the peaker
park (not shown) occupying the southwest corner. For all practical purposes, the solar
plant represents o stand-alone design; however, minor sub-systems (e.g., service and fire
water, insfrument and service air) are planned to be interconnected with the peaker park.

The major systems of the solar thermal power plant as illustrated in Figure 11.G.! can be
summarized as follows:

Collector System - The two module collector system is arranged in a north-south
alignmeni.  1he collector system consists of heliostats, field wiring and electrical
equipment, collector control and alignment equipment. The two fields will have a total
of approximately 15,400 heliostats (assuming MDC Model 50 design) and will require
about 1.6 square miles of land area (0.8 square mile for each field).

Receiver System - There is a receiver and tower for each collector module. The receiver
system consists of the tower and the receiver unit (partial cavity type) with its control,
surge tanks, door, and support structure. The towers will be approximately 585 feet to
the base of the receiver structure. The receiver centerlines will be approximately 675
feet above ground level.

Storage and Transport System - The storage and transport system includes all receiver
fluid piping fo the receiver and steam generagtor, ftwo (hot and warm storage at
3.6 million gallons and 3.3 million gallons, respectively) storage tanks, and the associated
pumps, valves, controls, receiver fluid maintenance, and cover-gas systems. Total salt
flow to each tower will be approximately 6,500 gpm per receiver; salt leaving the fower
will be |,050°F and will return at 550°F from the warm storage tank after leaving the
steam generator.

Steam Generator System - The steam generator system includes the preheater, boiler,
superheater, and reheater heat exchangers, and their associated piping, valves and
controls. Main steam superheat will be approximately 1,000°F at 1 6§00 psia with a flow
rate of 742,000 ibs/hr. Reheat steam will be approximately 1,000°F at 442 psia with a
flow rate of 665,000 Ibs/hr.,

Steam Cycle - The steam cycle includes the turbine generator, condenser, feedwater
heaters, and the associated pumps, valves and controis. - The cycle is a conventional
Rankine cycle of the type found in most fossil-fired plants and will have six stages of
feedwater heating. The turbine operates with sliding or variable pressure during daily
startup and shutdown for economic and maintenance reasons. The turbine will be rated
at relatively low nominal pressure of [,800 psig fo reduce expected downtime and
maintenance. The gross turbine heat rate is 7,988 Btu/kWh.

Plant Control System - The plant control system includes hardware and software
necessary fo coordinate the control of the plant inciuding the heliostat field and fo
provide operator interfaces and dispiays.

Balance of Plant System - The balance of plant system includes the facilities, utilities,
switchgear, cooling tower, and other conventional equipment and structures necessary to
complete the plant. Some of the subsystems may be shared with the peaker plant (e.g.,
firewater, service air and water).
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Site Preparation and Facilities - The maximum allowable net soil bearing pressure will be

3-5 ksf for foundation design for the general field (actual value will depend on site boring
analysis). For areas which are backfilied and compacted, a bearing pressure up to 7.5 ksf
will be used.

The collector field site will be graded as required to provide for drainage in the coliector
field area. Grading for foundations is required at the steam cycle, balance of plant,
steam generator, and thermal storage tank areas. In addition, grading will also be
required for access and clearance of combustible materials from areas of potential salt
spill. Paved roads will be built to the steam cycle/balance of plant portion of the site,
and connecting fo the tower locations. These roads will be capable of supporting heavy
duty construction vehicles.

11-10




1. ALTERNATE SYSTEM CONCEPTS

H-A. SELECTION OF SOLAR CENTRAL RECEIVER PLANTS TO STUDY

This conceptual engineering study focused entirely on solar central receiver technology.
Central receiver plants are perceived as being technically ready for implementation,
economically viable affer the cost reductions associated with the collector fieid volume
production are achieved, and capable of the ranges of capacity factors anc sizes
desirable to electrical utility companies. .

.  Types Of Central Receiver Plants

Central receiver plants can be categorized by hybrid or stand-aione, use of thermal
siorage, power conversion cycle, and receiver fluid. The following paragraphs
discuss the alternatives for each of these.

Hybrid vs. S'rcmd-cione

A hybrid plant utilizes fossil fuel to generate electricity during periods when
demand for eleciricity exists, but sunlight is inadequate to provide energy fo meet
the demand. Plants may also be hybridized to buffer solar operation, as in the case
of air-Brayfon cycle systems (discussed in this section), where fossil fuel is used to
maintain constant output regardiess of insolation level.

Stanc-aione plants are designed to operate without the use of fossii fuel. However,
@ small fossil source may be required for cold startup, supplying blanketing and
sealing steam, and thermal conditioning. The stand-aione plant draws its auxiliary
electric power load from the grid during non-operating hours.

A stand-aione plant is recommended to reduce the compiexity of licensing, design,
and operating of this first-of-a-kind plant.

Therma! Storage

Storage-coupled plants accumulate energy to significantly extend operating hours
of the plant. Storage is potentially valuable because it: '

o Increases the capacity factor of the plant; hence, increases the capacity
credit which can be aliowed for the piant.

o Provides the capability of carrying the winter peak load, which normally
occurs after sundown throughout the southwest.

o lLowers the revenue requirements of the plant (energy cost in mils/kWh) by
increased utilization of the fixed-cost portions of the piant.

o Buffers system operation and plant output during periods of variable
insolation.

Capacity credit is not highly valued for this project because SCE capacity is
adequate for the 1990s, in fact, several older oil-fired plants will be
decommissioned. However, the remaining benefits of storage still cause a storage-
coupled plant to be preferred. The single exception of water/steam without storage
is considered for this project because of the Solar | background.
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Power Conversion Cycle

Three power conversion cycies have been studied for central receiver plants. These
are the air-Brayton, steam-Rankine, and combined Brayton-Rankine cycles. in the
Brayton cycle, or gas turbine, the combustion chamber is replaced by a solar
heater. The turbine/ generator is located at the tower top, near the receiver, to
minimize pumping losses. By using high turbine inlet-temperatures and
regeneration, Brayton machines can be made to operate at high thermal
efficiency. When using air, the rejected heat remains in the working fluid and is
exhausted to the atmosphere. Cooling towers and related equipment are not
required.

The Broyton cycle has disadvantages of:
o All major equipment is at the tower top.

) High operating temperature leads to higher losses and lower overall
efficiency for the receiver.

o Tower and receiver costs tend to be high because of the poor heat transfer
characteristics of the working fluid, the extra weight at fower top, and extra
tower height required to minimize receiver losses by reducing aperture size.

o Storage is impractical.
) Off-design cycle efficiency is poor. ) .
° Hybridization is usually required to insure system operation with diurnal and

cloud induced insolation variations.

The steam-Rankine cycle is o utility standard. Efficiency is high when reheat and
regeneration can be utilized. In general, the antithesis of the air-Brayton cycle
comments apply o the steam-Rankine cycle for solar plants.

The combined cycle plant, with o Brayton engine rejecting heat to a Rankine
engine, holds promise because of its high efficiency. However, it is encumbered
with most of the disadvantages of both the Brayton and Raykine cycles, separately.

Prior studies by Sandia Laboratories (Ref. lll.A.l1) have shown the Brayton and
combined cycie plants to be less cost effective than Rankine plants. In addition,
operational flexibility is severely constrained. Therefore, the steam-Rankine
system was chosen for conceptual engineering.

Receiver Fluid

Within the steam-Rankine systems, there are three promising receiver fluids:
water/steamn, liquid sodium, and molten salt. These commonly used heat transfer
fluids all have high temperature capability, good heat transfer properties, and high
enthalpy gain per unit mass. Table Ill.A.l provides a comparison of these fluids for
some properties important to central receiver systems.
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TASLE [lLA.!
COMPARISON OF RECEIVER FLUIDS

Water/Steam Ligquid Sodium Molten Salt

Maximum temperature (°F) ~1100 ~1200 ~1100

Limit imposed by
tube materials)

Heat Gain (Btu/lb) ~1000 ~200 ~220
Volumetric_heat capacity 58.0 (water) 16.6 42.8
pec (Btu/#13 OF) ~1.5 (steam)

Thermal conductivity 0.35 (water) 41.8 0.33
(Btu/hr ft OF) | 0.031 (stearn) :
Kinfmaﬁc viscosity, 0,148 x 10-2 (water) 0.352 x 10~ 0.123 x 1072

#t4/sec 0.722 x 10-3 (steam)
Density, Ib/§t3 ~40.5 (water) 49 ~115

~2.86 (steam)

Specific heat, Btu/Ib°F 1.17 (water) 0.31 ~0.37

0.745 (steam)

Freezing point (°F) ' 32 208 430

2.

Maximum temperature is significant in the implied ability to operate a 1000°F main
steam Rankine cycle. All are capable of this, Heat gain relates directly to pump
work required to collect a unit of energy. The remaining properties relate to heat
transfer and storage. The effects of these are discussed in the foliowing sections
on these fluid alternatives. Note that freezing con occur in any of the fluids, but it
is @ more constant concern for design and operation with sodium and molten salt.

Selection of System Configurations to Study

Sandia Laboratories (Reference lil.A.]) estimated the comparative cost of
electricity produced by systems based on the three types of receiver fluids
discussed above. Key results are shown in Figure lllLA.l and llLLA.2. _The
comparison is made at constant capacity factor in Figure lil.A.l. Molten nitrate
salt, liquid sodium and water/steam appear to be close in cost. Based on Sandia Lab
investigations, Liquid sodium is about [0% more costly than moiten salt, and
water/steam is about |15% more costly than molten salt. Note that air-Brayton
systems are from 50 to 100% more costly than molten salt. With increased
capacity foctor, even more significant advantage accrues to molten salt, as shown
on Figure lllLA.2. For example, at 0.5 capacity factor, liquid sodium is 20% more
costly than molten salt, and water/steam is about 5% more costly, but beginning
to lose by comparison.
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SCE faces a situation in the late 1980s and early 1990s in which low-cost bulk
purchases of electricity will be available in the low-demand portions of the night.
High capacity-factor may be of limited value during the summer when the solar
plant operating day, with storoge, can be over 20 hours. During the fall and winter,
the operating day will be shorter, and the period of minimum load should not
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coincide with solar operation. This impact on system size selection is discussed in
the vaiuve analysis, Section VIII.C.

It was decided to do o detailed trade study of the three receiver fluid alternatives
because of uncertainty in reported system cost and performance, as well as varying
degrees of technical risk and operational suitability. This is discussed in the

following subsections.

WATER/STEAM SYSTEM DEFINITION

Functional-Description and Key Attributes

The system, shown schematically on Figure IlL.B.1, consists of a tower-mounted
water/steam cooled receiver heated by a field of MDC Model 50 heliostats
(DOE/Sandia second generation). The receiver-generated superheated steam is
routed directly to a steam ‘turbine where it is used fo produce electricity. A
portion or all of the steam can be routed to the thermal storage system. Because
of the impracticability of storing large quantity high pressure steam directly, the
portion of steam routed to storage flows through ¢ heat exchanger where a
secondary fluid is heated and subsequently stored. The stored fluid is used to heat a
separate storage steam generator. Lower temperature steam produced in this
separate steam generator is routed to a lower pressure admission port on the dual
admission turbine. The condensate from the electrical generation system is routed
back to the receiver or the storage steam generator for further steam production.
It was considered impractical to generate reheat steamn with this system; therefore,
a lower efficiency nonreheat turbine must be used.

Recsiver
&
>
> 1 —
MDC 2nd ! @ Generator
Generation } ? ‘
* Heliostats ] o — ——— e o
ey e |
> ptiona E = '
wlfil | Storage | ]:;lgg 8- N
L] e —aranss —_—
O y-= —— + _?ijw Lienn
@) H : - Rejection
Pump

Figure lll B-1 Solar Central Receiver Systsm — Water Steam
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Water/steam is the most conventional heat-transfer fluid in use in the electric
utility industry. The direct production of steam in a solar receiver would appear to
be the most natural transition from fossil-fired plants to solar thermal plants.
However, the transient nature of solar energy makes it difficult 1o directly couple
tota! solar receiver output to a standard utility turbire. Also, storage of laorge
amounts of high pressure steam to buffer a turbine from receiver output and
increase plant capacity foctor is ot best very costly and at worst virtually
impossible. Therefore, it is necessary to consider the use of an intermediate fluid
for energy storage. The transfer of heat from one fluid fo another and back again
results in losses which yield steam from storage ot o lower temperature anc
pressure than tha: from the receiver. ‘This necessitates the use of a somewhat
unique turbine (one capable of accepting two different steam inputs; roted steam
from the receiver and derated steam from thermal storage) ond overall reduced
electrical generating efficiency for the plant. The reduced efficiency transiates to
a larger, more costly solar collection system. in addition, the requirements for high
fluid pressure and two-phase heat transfer in the receiver have significant
consequences on receiver design, operation and control. However, all of these
problems have been addressed in the design of the Solar |, 10 MWe plant at Barstow
and workable solutions have been found. This study addresses the economic viabilty
of these solutions for a 100 MWe commercial size plant.

i

2. Opﬁéns for Trade Studies

Three different water/steam receiver configurations have been studied or
developed under DOE/Sandia central receiver programs. Therefore, it was decided
to conduct a trade study to select one for the baseline water/steam system. Two of
the receivers are external cylinders and differ by their flow philosophy. One is the
MDC/Rockwell, Solar | single phase  to superheat (once through design
(Reference I11.B.1); another is a B&W forced recirculation, screened-tube design
(Reference 111.B.2); and the third is an MMC/FW natural recirculation quad cavity
design (Reference 111.B.3). These are shown on Figure 111.B.2.

in the trade-off, collector fields for each of the receivers were configured
‘geometrically to the shape originally ‘defined in previous studies of these
receivers. This was fo maintain the flux distributions originally used on the
receivers, as each has its own peculiar flux distribution requirements.

External Cylinders Quad Cavity
Once Through Forced Recirculation Natural Recirculation

R e S 11 TLF TSR]

PANTL

5.

e
‘Qws CONIREL VALVE

Y ,1
#,,77,,*77*44' » HMPIRATURL
¢ £ CONTROLLER
= I waris 1St

Figure 111.B.2. Candidate Water/Steam Receivers
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An oil-rock thermocline system based on the Solar | design anc a higher operating
temperature two-stage alternative (based on Reference 111.B.4) were considered for
thermal storage in the water/steam system. The oil-rock system is charged by
desuperheating 950°F steam from the receiver to hect @ heat-transfer oil
(Caioria HT-43) in a heat exchanger. The hot oil is circulated through a tank of
rocks, heating the rocks and establishing a thermocline in the tank of oil/rock
mixture (25% oil and 75% rock by volume). The system is discharged by routing hot
oil from the tank through a steam generctor where feedwater is converted to
steam. The maximum temperature limitation of the oil (aoproximately 600°F)
requires this process to be conducted at reduced steam termperature and results in
the output steam being derated at 555°F, as opposed to the 950°F steam from the
receiver, This derated steam is introduced to the turbine through a special
admission port in the turbine., The system is schematically illustrated on Figure
II1.8.3, The result of using this lower temperature derafed steam is a low turbine
gross cycle efficiency of 27.5%.

The other option is a two-stage storage concept which takes advantage of the
higher temperature capability of molten salt to store energy, thus providing higher
temperature steam to the EPGS, This is also illustrated on Figure {1l.B.3. The
system is charged with superheated steam from the receiver. Salt is heated in @
heat exchanger between a warm salt tank and hot salt tank. The energy fransferred
to the salt desuperheats the steam and reduces its temperature to near saturation
value. The lower temperature energy ovailable from condensing the steam is frans-
ferred to an oil/rock storage system. The oil/rock stored-energy is used to
generate sgturated steam, which is then superheated in a salt/steam heat
exchanger. The higher temperature capability of this system generates steam
which is less derated (750°F) than in the previous option, thus providing a higher
turbine gross cycle efficiency (32.2%).

TWO TANK SALT STORAGE

PLUS OIL ROCK THERMOCLINE
TO ADMISSION
PORT
FROM P
RECEIVER
HOT
OtiL ROCK ¢ TANK 3 l}
THERMOCLINE . }
TO
FROM ADM
RECEIVER ,o’sg,s!,'-""
1 cot

TANK
olL ROCK
STORAGE
l l v A 4
FREATING.
TO FEEDWATER EATIN 3 3 QIL ROCK 3 }

RETURN SYSTEM STORAGE
l 3 4 T
FA
neveLE =0275 TO FEEDWATER DEAERATOR
RETURN SYSTEM nevyeLE=03224  FEED HEATING
GROSS TRAIN
Figure 111.B.3. Candidate Water/Steam Storage Systems
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As a point of comparison for a minimum capital investment alternative, a no-
storage option was aiso considered. However, as previously stated, the problem
associated with this option is the control difficulty of directly coupling total solar
receiver ouput to a standard utility turbine.

In addition, receiver tower selection was based on the steel versus concrete
tradeoff conducted for the baseline molten salt system definition (Section [1I-C.}.

Economics, performance, operational characteristics and relative technical risk
were evaluated for these alternatives to select the system for use in the final plant
concept selection.

3. Trqde Studies

c. Key Inputs, Assumptions and Results

The isolation model used in all the frade studies is the SOLINS Barstow
model. This model is discussed in detail in Section V.A of this report.

All of the frade studies were based on using the MDC second generation
heliostat. A detailed description of the heliostat is given in Section IV.C of
this report.

A slipform concrete tower was seiected for the water/steam system as a
result of cost trades done in conjunction with selecting the baseline salt
system and other reported studies. The rationale for its selection is
discussed in Section [1I-C of this report.

Receiver

To make comparisons of the condidate receiver configurations, estimates
were made of receiver performance, in terms of absorptivity and combined
rodiation ond convection losses, for each receiver. The performance
estimates were based on performance data in the previously referenced
publications. Table lll.B.| summarizes the performance parameters in the

TABLE 111.B.1
WATER/STEAM RECEIVER PERFORMANCE FACTORS

] Screened Tube Quad.
Receiver Type Once Through Forced Recire. Cavity
Reference -MDC B&W MMC
Absorptivity 0.950 0.972 0.983

Fraction
Radiation and 19.1 23.7 30.4
Convectéon Losses
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Receiver Design Point Power (MW,
I = 1,000 W/M — At Noon Summer Solstice

trade studies for each receiver. The absorptivity values are expressed as the
fraction of incident power which is absorbed. The B&W screened-tube
receiver has slightly better performance than the once-through becaguse the
front tubes absorb a portion of power reflected by the back tubes. The
cavity receiver has an even higher value because the cavity provides further
enhancement of absorptivity by capturing more refiected radiation. The
radiation and convection losses are presented in the form provided in the
reference sources, which is the form required for analysis. It's worthy to
note that the relative receiver efficiencies are actually the inverse of these
unit area loss factors. The published power levels are neariy identical and
the areas vary such that the quad cavity receiver has the highest convective
and radiation efficiency, and the once-through has the lowest efficiency.

Receiver irradiated area was scaled linearly with design point power as
shown in Figure lll.B.4, Receiver cost was from the published sources
updated to current year dollars and adjusted by MDC and Foster Wheeler to
assure consistency. In addition, for the once-through receiver, a reduced
allowable peak flux on the receiver was considered because of uncertainty
that developed after publication.. Therefare, both the published value of 0.85
MW/m? and a reduced value of 0.6 MW/m* were used in the study.

The average system cost spread for the three alternatives is approximately
3%. Reduction of peak flux on the once-through receiver causes an increase
in receiver area with resulting increases in radiation and convective losses.
This requires more heliostats and a corresponding increase in system cost, as
shown on Figure 1I1.B.5 and Figure 11i.B.6, respectively.

700+
600
500
400 -
300
— Once Through (MDC)
_ -« Screened Tube (MMC)
200 ~-— Quad Cavity (B&W)
Fieid Constrained Sizing
100+~
0 ] 1] § i ]
0 500 1,000 1,500 2,000

Annual Energy From Receiver to Turbine or
Thermal Storage (GWh,)

Figure 111.B.4. Typical Deisol Results Comparison of Water/Steam Configurstions
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IR {
500 1,000 1,500 2,000
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Figure 111.B,5, Typical Deisol Results Comparison of Water/Steam Configurations
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Figure 111,B.6. Typical Delso! Results Comparison of Water/Steam Configurations
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Storage
———

Data on cost ad performance for the two storage options are from the
publishec sources. For both systems, the following conditions were assumed:

o [10 MWe gross turbine power from primary steam supply
[ Primary steam supply at 1465 psig, 950°F
o Non-reheat with five stages of feedwater preheat.

In the two-stage system, the fopping storage cycle improves the efficiency
of operation from storage by producing higher pressure steam with greater
superheat. But the system complexity and cost are increased to achieve
this. Hence, the trade study focuses on cost and performance. But system
complexity and attendant problems of operation, reliability and availability
are also considered.

Cost estimates for the two systems are shown on Table lIl.B.2. The two-
stage system costs are greater because the salt equipment is added and the

TABLE 111.B.2
STORAGE SYSTEM COST ESTIMATES

(MILLIONS 1981 $)

Single Stage Two Stage
ltem System System
Oil Storage Tank 8.79 14.71
Qil Circulation Equipment 4.62 7.07
QOil Heat Exchangers 5.76 5.19
Salt Tanks | — 1.39
Salt Circulation Equipment — 1.35

Sait Heat Exchangers — 213
Control 0.98 0.98
Foundation + Site Prep. 1,00 2.13
Engineering 1.58 2.37
Rock Medium 0.93 2.34
Oil Medium 3.64 2.16
Salt Medium — 4.86
Transportation and Handling _2.16 _o.44
TOTALS 29.46 59.12
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oil/rock thermocline system is much larger. The oil/rock thermocline
portion of the two-stage system is much lcrger because it has ¢ much
smaller oil temperature difference than the oil/rock thermocline system
alone (55°F vs 160°F). This can be explained by examination of the diagrams
for the two systems, Figure 111.B.7(a) & H1.B.7(b).

As intended, the admission steam superheat temperature is higher for the
two-stage system. Its corresponding higher admission steam saturation
temperature limits the oil temperature difference available for storing the
heat (note the slope of the oil curve). Thus, much more oil is required for
the heat stored in the oil/rock stage of the two-stage system than for that
stored in the oil/rock only system. This accounts for about half the
increased cost, which must be paid for the performance improvement of the
two-stage system. It is, therefore, an important factor in the value analysis
of this system. The performance of each system was determined assuming
both had the same annual energy input available from the collector/receiver
system. These results are given on Table 11l,B.3 with the fotal system costs
and derived value parameters. This shows that cost of energy from the
two-stage system is nearly twice that of the single stage system. The
marginal cost of the additional energy is more than three times that for the
single-stage system.

b. Risk Considerations

There is no significant difference in technical risk for the storage options,
although there is greater operational complexity with the two-stage system,

1000 =
800 p—
Desuperheated Steam,
& 1.2 Lb/Lb Main Steam
s . 7/
% 600 b= Main Steam ———
5 / / -
E ~” ol - a— =
)E / ‘-/
amm—
/ y
400 p— Admission Steam, 1 Lb/Lb Main Steam
200 t=—
oL\ ! ] _1 _— 1 1 !
400 600 ' BOO 1000 1200 1400 1600

Enthalpy, Btu/Lb Maingteam

Figure 111.B.7(a). Pinch Point Diagram of Single Stage Storage Unit
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Figure 111.8B.7(b). Pinch Point Diagram for Two Stage Storage

due to the additive equipment and heat transfer processes. There are some
differences in risk, however, for the receiver options. Three factors of the
solar environment affect the degree of risk for receiver designs. These are
‘daily eyeling, cloud induced transients and clear day insolation variations.

Daily Cycling - Overnight shutdown, gradual change in insolation due to sun
position during clear days, and variation of coliector field efficiency due to
sun position cause daily complete and partial cycling of receiver power ievel.

Cloud Induced Transients - Clouds cause insolation changes ranging from
rapid momentary drop-outs to diffused or complete shading for tens of
minutes followed by rapid return to full power. These con affect localized
po;'fﬁons of the collector field and thus localized portions of the receiver
surfaces.

Clear Day Insolation Variations - Atmospheric water vapor and turbidity
atfect The clear day insolation levels to the extent of about 20% variation in
receiver power levels. In addition, seasonal changes in sun position can vary
the power level by a factor of two or more.

These factors influence the receiver structural, control and operational
requirements. The impact is most significant for the quad cavity receiver as
discussed in Section lll-C.3b, primarily due to two-sided receiver tube
heating, which results in complex flow control reguirements with cloud -
transients. This is even more difficult for the water/steam case because of
the potential for two-phase flow.
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TABLE l1l.B.3
WATER/STEAM STORAGE SYSTEM COMPARISON

Single Stage Two Stage

Temperature Range (°F) Oil - 160 Oil - 55
Salt - 230

Gross Cycie Efficiency ! 0.275 0.322
Gross Heat Rate (BTU/KWh) 12,410 10,590
Estimated Capacities (KW,) 3,770 4,000
Gross Power Output (KW) 77,000 93,500
Net Power Output (KWg) 73,230 89,500
Mainstream Capacity Factor 0.344 0.344
Annual Energy Delivered 127 150
From Admission Steam (GWhr)
Total installed System 29.5 59.1
Costs (Millions $)
$/Annual kWghr 0.23 0.39
¢/kWhr @ Levelized Fixed 5.8 9.8
Charge Rate of .0250
Marginal Cost of Additional 0 0.78
Energy (A$/A Annual kWghr)
Marginal Levelized Cost (A¢/A KW HR) 0 19.5

C.

The quad cavity configuration presents an untried, questionable design for a
potential devastating environment. The once-through system has been
demonstrated to a limited degree for Solar |. The external, forced-
recirculation screened-tube system presents a potential improvement in
controllability over the once-through system, but it introduces some
additional question of tube support suitability.

Conclusions

The B&W forced-recirculation, screened-tube external receiver was selected
for the water/steam concept. Although there was no clear-cut cost
advantage for any of the receivers, the B&W receiver concept was judged
the best design for controliability.
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The single stage oil/rock thermocline storage system was selected on the
bases of cost for the water/steam concept. As previously mentioned, it was
decided to continue with ¢ no storage option as well. Thus, two water/steam
concepts were definec for consideration in the final plant concept
selection. This was done so the economics of reduced efficiency for
operation with storage couid be compared with a higher cycle efficiency,
though lower capacity factor, potential ovailable without storage in a

water/steam system.

4. Candidate Water/Steam System Description

C. General
Two options are considered for the water/steam system plant; one with
storage having a capacity factor of 0.48, and one with no storage, having @
capacity factoer of 0.26. The water/steam system plant includes a singie
coliector field surrounding the tower, and receiver, storage tanks (storaoge
option), turbine generator and balance of plant, all located in an area at the
base of the tower.
b. Collector System
The 1068-acre (storage) or 524-acre (no storage) collector field is
approximately circular, as indicated on the plot plan, Figure Ill.B.8. The’
collector system contains 17,250 MDC Model 50 heliostats with
pa [ ~N
- s\ 1
N /r //, Heliostat Fisid \\\ \\
// ~ L s Radial Stagger Array
/ / \\ \ s Optimum Annual Energy Trim
// 1470 1 \\ \
/ No Storage \
/ 67221 . . .
-LI \ L" i;% '8‘9{: [ gze?:zagtmeﬂlm Eievation
426 ft No §
No Storage e Tower To.ia Etmon
-547 ft Storage
3175 f; No Storage
4
6732 fr * 9833‘,82501:2 Storage
Storage 465,975 m2 No Storage
4838 f e Number of Heliostats
Ne Storege 17250 Storape
J 8175 No Storage
7411 1 » Storage
5102 ft ‘ >
8422 1 gt%rsat:efm
5798 1t No Storage
Figure 111.8.8. Commercial System Field Layout
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c.

approximately 57 mZ each of glass area for a total mirror area of 983,250
m* (storage) and 8,175 heliostats with a total mirror area of 465,975 m* (no
storage). The heliostats are arranged in a radial staggered array cround the
tower.

Receiver System

The receiver system consists of a cylindrical screened-tube, forced-
recirculation absorber unit with its support structure, control elements,
interconnecting piping, and a receiver tower.

The receiver tower is a tapered, slip-formed concrete structure which
supports the receiver at an optical height of 620 ft. for the storage option
ond 547 fi. for the no-storage option. Approximate scale and dimensions for
the receiver fower are shown on Figure [ll.B.9. The receiver support
structure attaches to the tower top.

The tower will contain an internal elevator running up the center of the
tower. This elevator will go from the ground level through intermediate
work station stops, and will terminate at the top deck level.

Refer 1o Section IV.D for details of the tower structure and features.
The main water riser and steam downcomer are supported on the inside of

the tower shell and include expansion loops at -the appropriate intervals.
Piping size and materials are shown in Table 111.B.4.

50 ¥t OD W/Storage
35 ft OD W/O Storape

;I

12 in. W/Storage
Wall Thickness
8 in. W/O Storage

Reinforced
Concrete
Tower

547 £t W/Storage
375 ft W/O Storage

1.00° Taper

18 in, W/Storage
g Wall Thickness
‘ 12 in. W/0 Storage

125 ft ‘
‘ - 150 ft

103 1 W/O
Storage

———————— 200 f1 e e—

Diem Mat

137 1 W/O
Storage

Figure 111.B.9. Receiver Tower
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| TABLE IIl.B.4
PIPING MATERIALS AND SIZES

Size

Pipe Material Storage Opﬁqn No Storaae Option

Main Steam Downcomer A335 - p22 26" Schedule 160 [2" Scheduie 160
2-1/4 Cr - | Mo.

Feedwater Riser ASTM A106 Gr. C 12" Schedule 160 10" Schedule 160
Admission Steam ASTM A106 Gr. B 20" Schedule 40 None
Steam Generator Feedwater ASTM AI06 Gr. B 9" Schedule 40 None
Oil ASTM AI06 Gr.B 6" Schedule 40 None

The receiver is constructed of 24 factory-assembled cbsorber panels (made
of Incoloy 800), arranged in cylindrical cenfiguration, as illustrated on
Figure I11.B.10. Each panel is complete with strong-back, insulation and
lagging, instrumentation, structural attachment points, piping, and piping
attachments points.

Support |
Structure
Variable a5 a
Function of Fiux
(76"
.23.2M}
R y
£ Fibd
t5/] ';{'
o %4
v
Water Riser
Forced-Recirculation Recsiver Design Alternatives for

Screen Tube Concept
Figure 111.B.10. Receiver Design Features
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Screen tubes on the panels provide the phase change in forced-recirculation
flow from two drum separators, one for each side of the receiver. Steam
from the drums flows through the superheater screened tubes in three series
passes of two paraliel panels for eoch side of the receiver. Attemporation
between passes controls outlet femperature, while balance valves control the
flow distribution between panels.

A schematic of the receiver main components is shown on Figure lll.B.11.
Water enters the receiver at 2250 psig and 459°F. The maximum receiver
fluid flow rate is 1.7 x 10° Ib/hr. The receiver is controlied fo maintain an
outiet steam temperature of 960°F. The outiet temperature and steam mass
flow rofe {for feedwater control) are measured continuously. Flow rate fo
the attemporators is adjusted (with appropriate logic to respond properly to
tronsients) to correct any error detected in receiver outlet temperature.

The receiver power level gt the system design point is 603 MWy, (absorbed)
-for the storage case and 292 MW, for the no-storage case. However, the
receiver will be designed to function up to 110% power. The peak heat flux
on the absorber surface is limited to less than 0.6 MW/m“ and tube metal
temperature is limited to less than [200°F.

No minimum steam flow rate is required. During startup or when the
receiver fluid temperature drops below 900°F, the fluid is diverted to a flash
tank., Steam from the flash tank goes to the primary steam line, and
condensate flows through o separate downcomer to a decerator.

2nd Stage & & - K L 4 2nd Stage

N3 by =2 E'L 2}
o Attemoerater Ao© w—-’ bF) - @ o Aftemperator o
ISHg
18t Stege s 4 o . 1si Stege
e Attemperator. B o " )‘“% @ o Attemperator o
PSHp
High Leve! s High Level
Dump Vatuep o @7*" ’jﬂ o  Dump Vaive
Biowdown Recirculation . - ‘ $ Blowdown
VY |
y . Q.
Econ 'Econ
Recire Recire
Valve Valve
Ag o B
W 1 FW
@ Control | Feedwater Gumrol®
vaive | iniet Vaive
A B

Figure 111,B,11. Water/Steam Receiver Schematic
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Turting

Storaae ond Transport System

The storage and transport system inciudes the thermal storage tanks, heat
exchangers, and all of the piping to and from the receiver and the associated
pumps, valves and control instrumentation.

A schematic of the storage system is shown on Figure 1l1.B. 12,

Therma! energy is absorbed into the system (charging process) by circulating
a heat tronsfer oil through charging heat exchangers while condensing
receiver steam which is desuperheated. The heat traonsfer oil
(Caloria HT-43) enters at about 425°F and exits at about 585°F. The high
temperature Caloria flows to either the:storage tank (thermal storage
option) or to the inlet of the steam generating heat exchangers. The
desuperheater is a direct contact mixing chamber with feedwater injected
through multiple atomizing nozzies. The maximum steam flow rate is
700,000 Ib/hr into the desuperheater. The spray is controlled to provide
650°F steam at the outlef.

Five heat exchangers are used to heat the thermal storage fluid. Each has a
removable U-tube bundlez Each is made of carbon steel and has a heat
transfer area of 18,000 f+<,

Condensed steam from the storage heater flows to a flash tank. The steam
flows to the deaerator and the condensate to the second stage feedwater
heater. Pipe sizes and materials are included in Table 111.B.4.

The thermal storage unit (TSU) is a vertical cylindrical tank filled with a

sand/rock mixture. Hot Caloria is introduced at the top of the TSU through
a distribution manifold and passes downward through the tank. As the oil

Therma! Fiuid Loops

Steam
Generator

Foeo qugf =

Water

Ch%
- Utiage Main- Loop
i s e

Controliers

o P 9

Superhest Controiiers ] Controliers

» [

Storage

4 T I Sensors I
‘ ¢ Thermal hermal

Heater

i, [ T

Exzraction

[ ~ atm!

oL 8

Condensate
Cmm— " Flash Tank

Figure 111.B.12. Thermal Storage Schematic
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‘passes through the rock/sand mixture, it sransfers its heat 1o the sond and

rock and is cooled to the low temperature (425°F) condition. The zone of
heat transfer within the tank (thermocline) occurs over a small fraction of
the entire tank height. As energy is added to the TSU, the thermocline
moves downward, thereby increasing the thermal charge.

During the energy extraction process, high temperature Caloria is circulated
fo the steam generators either flowing directly from the outiet of the
charging heat exchangers or from the top manifold in the TSU. The cooled
oil then flows fo either the TSU bottom manifoid where it is reintroduced
into the tank or directly to the charging heat exchangers where it absorbs
additional charging energy.

Five modules of steam generator are used. Each includes a preheater,
boiler, and superheater. The prehegter is a straight tube, floating head,
counterflow exchanger with 4684 ft© heat 'rranifer area. The boiler is a
horizontal U-tube, kettle boiler with 13,000 ft¢ heat transfer area., The
superheater is a horizontal, U-fube, cross-flow exchanger with 6390 ft< heat
transfer area.

The Caloria introduced into the TSU bottom manifold flows upward through
the sand/rock mixture. As the Caloria passes through the thermocline
region, it absorbs heat from the high temperature rock and continues to flow
gpg«g:;d until it passes out of the tank top at a nominal temperature of
85%F.

During this period, thermocline is moving toward the fop of the TSU which
resulfs in a net energy extraction from the TSU. Charging and extraction
functions for the TSU must be terminated when the thermocline reaches the
bottom or top manifold, respectively.

The storage tanks (Figure 111.B.13) haove approximately 0.6 height-to-
diameter ratio to resist over-turning during earthquoke. Four thermal
storage tanks ore used in paraliel. Each tank is 97.5 fi. in diameter and
56 ft, high. The total volume per tank is 2,890,000 gal, Each tank is filled
with 22,300 tons of granite rock and sand and 503,000 gals. Caloria HT-43,
The tanks are made of ASTM A537-70, Grade B carbon steel. The wall
thickness is stepped to reflect the hoop stress resulting from hydrostatic
pressure and settling of the rock bed.

The tank foundation is insulating concrete over lightweight concrete and is
designed for stability in a seismic environment. The inner tonk shell is not
restrained by the onchor bolfs; hence, it is relatively free of thermal
stresses. An outer shell serves as logging and provides attachment to the
anchor bolts. Expanded perlite insulation absorbs compressive strains
resulting from expansion of the inner tank shell.

An ullage maintenance unit confrols nitrogen flow to pressurize the TSU to a

safe level and removes any wolatile degradation products of the heated

Caloria. The TSU is maintained at a slightly positive pressure to prevent air
from leaking into the tank. This prevents oxygen from entering the tank to
increase the degradation rate of the Caloria.
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The warm oil is circulated through the charging heat exchanger by five
4000 gpm centrifugal, high temperature pumps. Each pump requires 190 kWe
power at the maximum charging rate,

Hot oil is circulated through the steam generator by five 6000 gpm
centrifugal, high femperature pumps. Each pump requires 190 kWe,

Two receiver feed pumps, operating at half capacity, boost feedwater the
number one heater { 600 psi, 454°F) to receiver feed pressure of 2550 psi at
a total flow rate of 2.0 x 106 Ib/hr. Eoch pump requires a 1500 kWe motor
power (storage option). For the no-storage option, the total flow rate is
960,000 Ib/hr with a 790 kWe electrical power requirement for each pump.

EPGS and Boiance of Plant

The EPGS and balance of plont for the water/steam systems are similar to
that described for the molten salt system (Section [1i-C). The turbine is a
nonreheat turbine. The turbine for the storage option also has an admission
port to accept the derated steam from storage. The turbine for the no-
storage option was assumed fo be a variable pressure turbine.

Plant Control System

The plant control system provides coordinated control of all of the piant
systems. Its characteristics and operation are basicaily the same as
describecd for the molten salt system (Section 111-C) except for differences
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in storage system contro} (where applicable) and more complicated turbine
controls due to the closer coupling between receiver and turbine and the
operation on admission steam for the storage option.

c. Final Baseline Water/Steam Systems Sizing

The baseline water/steam svstems component sizes and capacities are
summarized on Table 111.B.5 for both the storage and no-storage options.

TABLE li.B.5
BASELTNE WATER/STEAM !/
SYSTEMS CHARACTERISTICS

Capacity Factor

Annual Energy to Steam (GWghr)
Lond Area ka/céres

Heliostats

2

Glass Aream

Tower Height (m)

Optical
Rec
Top of Tower
Receiver Design Pt. Power MW
Rec. Geometry H X D (m)
Rec. Area (m?2)
Design Pt. Flow Rate (Ib/hr)

Cold Water Pipe ASTM A106 GrC (m)
Hot Steam Pipe 2-1/2 Cr - | Mo (m)

Receiver Pump

Number
Size Each (HP)

Storage Size (MW,hr)

Type

.22

No Storage

0.264
663
2.12/524
8175
464,667

130
13
110.7
292
194 x 14.0
856
960,000

520
10" Sched 160

520
}2" Sched 160

1060

Storage

0.480
1377
4.32/1068
17250
980,420

189
192.7
165.5

603

27.8 x 20.1

1760
2.0 x 106
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12" Sched 160

520
26" Sched 160

2
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1796
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Ne Baseline Water/Steam Systems Costs '
The estimated cost$ of the two water/steam systems are shown on
Table 111.B.6. These costs are based on the two systems (with and without
storage) as described in the preceding text. '
TABLE 1il.B.6
WATER/STEAM. l
RELATIVE COST ESTIMATE FOR 100 MW SOLAR POWER PLANT
0.264CF 480
| Field 0CF
Without | Field '
1.0 Solor Steam Supply System Storage With Storage
.l Collector
.11 Collector Purchase Price $68.3r - Siag.lm - l
.1l Coliector Erection 1.7 - 24.7 -
.2 Major Solar Steam Supply Hardware 15.4 - 25.3 -
.3 Solar Process Mechanical Equipment 0 - 30.7 -
4 Solar Electrical : i.8 - 2.2 - .
.5 Solar Civil and Structura 3.4 - 6.9 -
.6 Solar Piping and Instrumentation 3.1 - 10.1 -
.7 Solar Yardwork and Miscellaneous 3.4 - .6 - .
2.0 Turbine/Generator - $8.4mm - $8.9r#
3.0 Process Mechanical Equipment - 9.1 - 10.3 '
4.0 Electrical - 6.1 - 6.l l
5.0 Civil and Structural - 4.2 - 4.2 '
6.0 Process Piping and Instrumentation 6.1 3.2 6.1 3.7 I
7.0 Yardwork and Miscellaneous - 0.6 - 0.6 |
8.0 Switchyard - 0 - 0 .
70.0 Distributable Construction Costs (CM&SU) 3.8 5.8 8.6 6.0 : .
80.0 Engineering & Home Office
- A&E ) 1.2 5.0 3.2 5.0
-  Solar Integrator 4.0 - 9.1 - l
Contingency - 8.5 - 8.9
Subtotal (MDC, Bechtel) §122.2m  $50.9¢n $277.6:7 $53.7r l
Total S173.1m $331.3m l
Dollars Per MWhr §747 §785 '
=23
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i Baseline Water/Steam Svstems Performarice

The overall system performance at the design point and annuc! average are
shown in waterfall format for both systems on Figures lIl.B.14 through
.B.17. The auxiliary power requirements af the design conditions and the
corresponding annual energy consumption for system parasitics are given for
each wc)ner /steam system on Tables 111.B,7 (without storage) and 1i1.B.8 (with
storage).

Technoloaoy Readiness

The majority of large, baseload and intermediate load electric generation plants
operate with sieam cycles, The major difference between plants is the source of
energy (different fuels) used to produce the steam. In a simplistic sense, @
water/steam solar system is but another energy source with the collector field and
receiver replacing the conventional fossil-fuel fired boiler. All other components in
the water/steom solar system, with the exception of the thermal storage system
(where applicable), are essentially identical to those in a conventional steam
plant. These components represent little or no risk associated with their design,
construction, and operation. The receiver is the only hardware item which requires
further validation of the design. Also, because of the transient natfure of solar
energy, there is some operational complexity due to the close coupling of receiver
outflow and turbine inflow. The use of storage also adds a degree of control
complexity associated with use of derated steam in an admission turbine.

500 je—
465.4 Capacity Factor 0.264 (Without Storage)
1.000 Design Point Summer Soistice
400 (—
1378.3
e ——
0.81 : .
8 3414 3403 {Power Absorbed in
0.734 | 0.731 L3226 320.7 3119 / Receiver Steam!}
00— | £ 0.683 | 0.682 == 2924 280.7  (Power 1o Turbine)
> 5 0.628 | 0.525 {Solar System
§ {é * 628 | Edficiency)
% 2
& - K —
-2l E sl g5 |28
© -} B = =
S1E s | 5|5 s8¢
T g § E g |zg} 3
2 < - -
2 < £ 2 .gé -g' 110 (GrossEIe&ctriciw)
100 [— g & (Solar to Gross
’ g gg « 0.23% ‘Elgerric Efficiency)
GO
ol 1.000} 0.815 | 0.900] 0.987 | 0.948 { 0.984 { 0.872} 0.938 | 0.884 | 0.377

‘Performance Factors

Figure 111.B.14. Baseline Water/Steam System Performance
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Figure 111.B.15. Baseline Water/Steam System Performance
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Figure 111.B.16. Baseline Water/Steam System Performance
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Figure 111.B.17. Baseline Water/Steam System Performance

Several government and industry studies and test programs have been directed
toward this technology development over the past several years. During the
preliminary design of the Barstow Solar | plant, several receiver tube test panels
were constructed and tfested. Initial fests of these panels were made using
artificially generated radiant energy (heat lamps). Both a Rockwell (the Solar |
receiver manufacturer) pane! ond a Foster Wheeler/Martin receiver were tested
this way. These tests verified the feasibility of producing superheated steam i
tubular receiver panels heated with radiant energy. Peak fluxes up to | MW/m
were ochieved with outlet steam temperatures approaching 1000°F. One unit
(FW/MMC-1 MW,) was installed at the solar fest facility at Odeillo, France, where
it was tested using concentrated solar energy as a heat source.

A subsequent phase of panel testing was accomplished using a full-size panel from
the Barstow Solar | project installed at CRTr. These tests, conducted during
February 1979 fo March 1980, provided full-scale demonstration of o once-through
to superheat receiver design. The test objective of operating at the Solar | peak
flux requirement of 0.3 MW/m‘ was easily met and flux levels in excess of
0.4 MW/m* were experienced without difficulty. '

At the time of this report, the worid's largest (10 MWe) solar powered electrical
generating plant (Solar 1) is virtually completed and is undergoing final checkout
prior to beginning rated operation in the near future. The successful testing and
operation of this facility provides a quantum step in the verification of the solar
thermal electric generation in general and solar water /steam systems specifically,
with a corresponding improvement in technical readiness of solar systems.
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, | TABLE lILB.7
WATER/STEAM SYSTEM AUXILIARY POWER REQUIREMENTS
WITH NO STORAGE - CAPACITY FACTOR 0.264

Direct Storage Shut Annual
Operation Operation  Down Auxiliary
_lkewe) _lkWe) (kWe)  Energy (GWhr)
Collector 33! N/A 2.31
Receiver
Feed Pumps (Variable) 3038 6.67
Thermal Storage & Transport
Therma! Storage Drain Pumps 0
Circulating Pumps 0
Master Control 30 30 0.33
Steam Cycle
Variable Load* €3 0.20
Cooling Tower Fans 292 0.92
Circulating Water Pumps 477 1.50
Heating/Air Conditioning 440 300 3.07
Misc. Fixed Load _320 _ 260 247
Totals 5211 0 560 17.47

*Feedwater and Condensate Pumps

Key areas fo be wvalidated in the Solar | operation are integrated plant control
(including receiver/turbine control interaction), for water/steam systems, in
parficular, and receiver panel operational life in the solar thermal cycling
environment,

Receiver panel operational life remains to be validated in the real environment,
although analyses and panel tests place high confidence that the 30-year objectives
can be realized. Unique residual concerns applicable to a water/steam system for
this plant are the extrapolation to higher receiver flux and modification of panel
tube supports to accommodate the screened tube concept. Extrapolation of results
to a larger scale plant is a concern common for ail central receiver concepts, but
no unique problems are anticipated that would not apply also for other technologies.
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TABLE Il.B.8 ° |
WATER/STEAM SYSTEM AUXILIARY POWER REQUIREMENTS
WITH STORAGE - CAPACITY FACTOR 0.480
: .

{

t
H

3 Annual
Direct Storage Shut Auxiliary
Operation  Operation  Down Energy (GWhr)
Collector 1120 _ 4.90
Receiver
. l Feed Pumps (Variable) 3490 8.80
Therma! Storage & Transport
; ' Thermal Storage Drain Pumps 2240 3.50
- Circulating Pumps 750 930 2.70
| ' Master Control 50 30 30 0.33
B Steam Cycle
. Variable Load* 130 620 141
| Cooling Tower Fans 600 600 4,75
Circulating Water Pumps 980 980 4.67
L Heating/Air Conditioning 440 300 300 3.07
Misc, Fixed Load - _ 320 _260 260 247
‘ Totals 10,120 3720 590 36.60

*Feedwater and Condensate Pumps

n-C. MOLTEN SALT SYSTEM DEFINITION

ls Functional Description and Key Attributes

The system, shown schematically on Figure 111.C.1, consists of a tower-mounted
molten-salt-cooled receiver heated by a field of MDC Model 50 heliostats
(DOE /Sandia second generation). The molten salt used in these systems js typically
a mixture of 60% (weight) sodium nitrate and 40% potassium nitrate. Molten salt
heated in the receiver is routed through a molten salt/water steam generator,
through the thermal storage system. The steam is then used in a conventional
manner to power a reheat turbine generator set fo produce electricity. The cooled
salt is returned through the thermal storage system to the receiver. The thermal
storage system buffers the steam generator from solar transients .as well as
supplying energy during extended periods of no insolation (i.e., after sunset). The
use of a high temperature storable fluid, such as molten salt, in the receiver and

= P ~

|

i
B
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Figure lil C-1. Solar Central Receiver System - Molten Salt

thermal transport loop not only decouples steam generation from solar transients,
but permits a high efficiency reheat steam cycle at temperatures and pressures
standard to utility practice.

The molten salts suitable for use as a heat transfer fluid in a solar system are of
the same family of molten salts used in commercial heat-treating ond industrial
process plants, Extfensive operational experience has been accumulated with these
salt mixtures over the last 20-30 years. The exact composition of the molten salt
fuild is balonced between operating temperature requirements of the process and
cost of the mixture. Usual mixtures will provide a freeze point in the 430-480°F
range. With the addition of some sodium nitrite, the freezing point can be
depressed even further, but mixtures with lower freeze points have somewhat less
compositional stability at operating temperature of more than |000°F, and are
more costly. The molten salts are nonexplosive, nonflammable and nontoxic, and
when properly protected from the environment, are compositionally stable over an
extended period of time. These salts have a low vapor pressure at high temperature
and do not react with water/steam; hence, no unusual safety hazard is encountered,
as with the reacting of liquid sodium with water. The low hazard characteristics of
this fluid permits- the design of the solar receiver, storage tanks ond steam
generator fo be made fo less stringent ASME codes and in some cases the use of

uncoded equipment would be legal.

The low safety hazard, low cost and ready availability of the molten salt make this
fluid most suitable for use with solar central receivers. Hence, these fluids have
been selected by the DOE for continued extensive deveiopment testing at the CRTF

facility in Albuquerque, New Mexico.
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Gptions for Trade Studies

Two different receiver configurations have been selected for continuec
development under the DOE/Sandia central receiver program. These are a four-
sided "quod" cavity receiver and a partiai-cavity "omega" receiver. The
arrangement of these two receivers are shown on Figure lIl.C.2. The "quad"
configuration is c basic design of a cavity type receiver suitable for use with a 360°
surround collector field. The “quad" arrangement is essentially four separate cavity
receivers installed in a single housing and oriented at 90° intervals. The common
receiver walls at the intersections are heated on both sides. The "omega" partiai-
cavity receiver is designed for use with a north-field coliector layout.

Quad Cavity

Partia! Cavity

Panels

i

East Aperature _ North Apersture South Aperature

Figure i11.C.2. Candidate Molten Salt Receivers

These two configuration approaches have been defined in previous studies of central
receiver repowered utility plants. The "omega" partial-cavity receiver, north field,
configuration has been developed by MDAC for use on the Sierra Pacific Power
Company Ft. Churchill Unit No. | near Reno, Nevada (Reference Il.C.l). The
"quad" cavity receiver surround field was considered by -Martin Marietto for the
Arizona Power Company's Saguaro Unit No. | near Tucson, Arizona
(Reference 11I.C.2). In general, the two systems optimize for different iatitudes.
The north-field design gets progressively better the farther north the plont is
located (in the northern hemisphere), while the surround field becomes better
farther south. Therefore, it was decided to trade off these configurations for the
near Barsfow, California location of this project.
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A second frade study was conducied fo select the number of collector field modules
which should be used in the final design. This addresses issues such as performance,
cost, hardware physical size limitations {(fabrication and transportation) and
available iand geometry constraints. Therefore, the study considered a single large
collector field as well as two modules (two half-size fieids) and three modules
(three thirc-size fields). A sample two-moduie field arrangement is shown on

Figure l11.C.3,

Economics, performance ond relative technical risk were evaluated for these
alternatives to select the system for use in the final plant concept selection.

Coilector System 1

Site for Batab__ﬁm-—/

of Plam ~==“Receiver System 1

Coliector Sygtern 2

~_.

© Recsiver Systemn 2

Figure 111.C.3. Plot Plan — Moiten Sait System, North/South Arrangement

3. Trade Studies

(R Key Inputs, Assumptions and Results

The insolation model used in all the trade studies is the SOLINS Barstow
model! (see Section V-A.). :

The trade studies were based on the MDC Model 50 heliostat characteristics
(see Section 1V=C).

Receiver/Collector Field Configuration

The study was conducted for plant sizes ranging from 160 MW, to 700 MW,
Receiver irradiated area was scaled linearly with power and the quad
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receiver cavity power raotios were held constant. Receiver costs were’
derived by Foster Wheeler to provide completely comparative breakdowns
from reported volues in the previously referenced studies of these
concepts. Receiver efficiency factors were . scaled linearly  with
power from the reported values. The collector field size, shape and
performance are based on SNLL DELSOL collector field computer code

optimization runs for the system.

A typical result is shown on Figure 11i.C.4 at o design-point power rating of
about 330 MW,. As in this case, the results for the entire range of sizes
studied were essentially equal costs for all annual energy outputs at the
Barstow Iatitude. The slightly lower heliostat and receiver cost for the
partial-cavity receiver in this case is more than offset by the higher tower
ond associated piping and pumping costs. In any event, the differences are
well within the margin for error in the estimates.

in this study, both configurations used a slip form concrete tower. Data to
compare a free standing steel and concrete tower, as shown on Figure
111.C.5, was generated by evaluating both in the computer runs for the north-
field configurations. These results are shown on Figure 111.C.6. A significant
cost advantage exists for the concrete tower in large plant sizes such as this
(height of about 200 meters).

Collector Field Modularization

The study was conducted for the partial-cavity, north-field configuration
using the same inputs and assumptions as the previously discussed trade
study.

Plants of ene-full-size, -two half-size, and three third-size collector field
with "a 0.6 copacity factor were evaluated. Specific land geometry

. VEND3SN
40 1~ PARTIAL QUAD, CAVITY
30 CAVITY
BOE 762 awn 742 GWh,
= 336 MW, 320 MW,
120 8334 H $uss 8642 H S
10 - 205 m Tower 172 m Tower
0.920 Rec Eff .906 Rac Etf
100 |-
92.25 2154
p— .- — grnme——
s%r RECEIVER | RECEIVER
8Y.44 51,59
Hdy | PUMP AND PIPING
- hos——— P PP
Ly | 7302 | me2
Sul 1
R
50 fghxésm Eﬁh%,‘m" cOLL FLD 9855 880
WIRING WIRING TOW,PMP,PIP  §3.08 8214
@ ($180/m2; $150/m2) REC. ns 2
30(- ‘
20—
-
o

Figure 111,C.4, Molten Salt Receiver Cost Bregkdown Comparison
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CONVENTIONAL STEEL TOWER

Figure 111,C,5, Candidate Tower Concepts
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Figure 111.C.8. Tower Cost Models
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constraints were not included in the trodeoff. Comparison of the capital
costs for the three configurations is shown on Figure [1l.C.7. The following
observations were made:

o The cost difference is not significant for one, two, or three modules.

o The physical size of the receiver for the single field configuration
could result in additional complications in fabrication, shipping, and
opergtion; For practical considerations, receiver panel length
(approximately B5 feet) for the two-module size plant is more in fine
wifh shipping constraints  and less divergent from experience in
fabrication and structural support for thin wall tube panelsl

Cepacity = 1356 mwt Hr/Year to Storage
{0 i

“ECIOT)
Singie Two Three
Field Fields Fields
176.
172.3 175.6 2
{Receiver)
154.6 188.2 154.1
(Tower) 146.5 146.7 1445
Coliector
Land
Wiring
{$150/m2)

Figure 111.C.7. Nolten Salt Modularity

b.

Risk Considerations

Consideration of technical risk applies primarily to the receiver selection.
The partial-cavity receiver is strongly favored at-this-fime because it has

tube<panels supported and. heated from one side, as has-been demonstrated,-

while the quad cavity receiver has several significantly different design and
operational difficulties, including two-sided heating of panels. The one-sided
heating is similar to a molten salt receiver demonstration test in a Sandia
CRTF experiment. The partial-cavity receiver design builds on this
successful experience and makes improvements to obviate the minor
problems experienced in the demonstration. On the other hand, the quad
cavity introduces a new set of significant issues, as follows:
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c.

o Structural - Difficit, untried design is required fo provide lateral
support for the panels heated on both sides ond subject to wind
loading.

o Performance - Increased tube surface area and total aperture area is

likely to vield higher losses.

o] Cavity enclosure - Four doors are reauired for emergency and
overnight protection instead of one.

o) Operation and Contro!

- Two-sided panel heating is subject fo more complex cloud
transient impact on flow control to maintain waill and coolant
temperature.

- Difficult, uniried design required fo provide feed-forward
conirol sensors that can survive two-side heated panels.

- Difficulty in pre~heating panels for startup.

Conclusions

The selected configuration for the baseline molten salt system is a two-
module configuration with a partial-cavity receiver on a slip-form concrete
tower in each north-field. There is no significant cost consideration in the
selection, but technical risk, ease of fabrication, handling and shipping for
the receiver and flexibility o meet potential available land geometry
constraints for the selected site supports this choice.

4. Candidate Molten Salt System Description

q.

General

The following molten salt system description was used for the alternate
system concept evaluations only. The system is similar but not identical to
the system adopted in this study for Solar 100 (described in Section .

The baseline molten salt system plant operates at a capecity factor of 0.6
and includes two collector fields, each with a tower and receiver {each
collector field is located north of its tower) and-ore set of therrmal storage:
tanks, steam generator, turbine gemerator and balance of plant, all located
at -the-south tower.

Collector System

=

The collector system is divided into two independent systems occupying a ‘1

total of about:9209 acres. The selected north-south orientation is shown on
Figure 1II.C.3. Eaqgh field contains 7,620 MDC Mode! 50 heliostcx1'§ with
approximately 57m* each of glass for a total mirror area of 433,000 m* each
of glass for a total mirror area of 433,000 m“. The heliostats are arranged
in a radial-staggered-array concentric to the north of the tower.
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Receiver Svsiem

A receiver system is provided for each collector system. Each receiver
system consists of an omegc, partial-cavity absorber unit with its support
structure, doors, control elements, interconnecting piping and o receiver
tower.

The receiver tower is ¢ tapered, slip-formed concrete structure which
supports the receiver at an optical-height of 663 feet. Approximate scale
ond dimensions for the receiver tower are shown on Figure lIl.C.8, The
receiver support structure attaches to the tower top. Refer to Section IV.D
for details of fower construction and features.
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Figure 111.C.8. Recsiver Towe.r

The main salt riser and downcomer are supported on the inside of the tower
shell ond include expansion loops at the appropriate intervals. The
downcomer is |2-inch diameter stainiess steel and the riser is 16-inch carbon
stee! (ASTM, Al06). Both are insulated with calcium silicate insulation
(8 inch on downcomer, 6 inch on riser).

Each receiver is constructed of factory-assembled absorber panels (made of
Incoloy 800) and arranged in a particl-cavity configuration. Each panel is
complete with strongback, insulation and lagging, instrumental, structural
attachment points, piping, and piping attachment points.

The general arrangement and components of the receiver are shown on
Figure 11.C.9.
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Figure 111.C.9, Partial Cavity Receiver SALT INLET

The receiver design point power level (absorbed) is 306 MW,,. il:twis designed
to operate at a peck heat flux of less than €.6 "r\ffﬂglm and metal
fempgrc‘rure less than 1200°F with a peak salt film temperature less than
FHOOSF.

The design point flowrate is 5.63 x IO6 Ib/hr. The minimum flowrate
capabiiity is 25% of rated flow. Hot salt flows from the receiver to the hot
storage tank except at startup or when the receiver fluid temperature drops
below 1000°F. In this case, the fluid is recirculoted to the warm storage
tank. Each receiver is fitted with doors to clese the aperture and limit heat
losses during overnight and extended daytime shutdown. The doors counter-
balance each other and are weighted to automatically shut if electrical
power is lost. The doors have an ablative outer coating fo prevent structural
damage in the event of a total less of electrical power to both the receiver

and collector.

d. Storage and Transport System

The storage and transport system includes the thermal storage tanks and all
piping between the receivers, steam generator, and the tanks, and the
associated pumps, vaives and control instrumentation.

1H-37
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A Schematic is shown on Figure 11.C.10, A drag valve (LCV-1) controls tne
fluid level in o receiver outiet surge tanx. A-bypass-from-the receiver-to-the -
warm - Storage tonk permits receiver. circulaton during startup and low
insotction periods without degrading storage temperature. '
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Figure 111.C.10. Storage and Transport System Schematic

The hot storage tank accumulates the salt flow from the receivers for use on

demand by the steam generator system. Am-ullage expansion tank -ond:
tramsfer-Hmeis-used to-transfer-dry dir cover-gas between the hot-and-warm- ~
storage tanks;-altowing for-temperature changes.

Two pumps operating at half capacity each feed salt to the steam
generator. Each multistage, cantilever pump -is capable of delivering
2950 gom at 250 psi (300") head. Each pump operates at 75% efficiency and
requires 380 kW when running at full capacity.

Bypass dump lines fo the ‘hot tank provide pump flow control. A bypass
‘around the steam generator through BVI (Figure 1Il.C.10) permits salt
circulation to the.warm fonk-to maintain warm tank temperature. Another
bypass line through BV2 is provided to the warm tank outlet for blending
with salt from the hot tank during startup and overnight temperature
maintenance of the receiver.

Salt returns from the steam generator to the warm-tank where it
accumulates for cm-derncnd circulation to the receiver. A flow control valve
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Carbon Steel Outer Tank

Inner Tank

(FCV-1) regulates total salt flow. This valve is analogous to the burner
comtrol in  fossil fired unit. Opening FCV-! increases the heating rate and
steam production rate in the evaporator. _A line from the warm tank
circuiates salt to ¢ natural gas-fired heater fo aid initial svstem charging,
startup and temperagture maintenance during long-term shutdown. Salt
heated in this manner flows to the hot storage tank.

Two pumps operating ot half capocity each feed salt to each of the
receivers. Each multistage, cantilever pump is capable of delivering
3250 gpm at @ 900 psi (1100 head. Zach pump operates at 75% efficiency
and requires 1403 kW when running at full capacity. Bvpass dump lines to
the werm tank provide pump control. A bypass line through BV3 permits
gradual temperature increase during steam generator startup. A flow
control valve regulates fiuid leve! in a receiver inlet surge tank.

The drag valve is a [2-inch angle valve which is preferred for its self-
draining capability.

The hot and warm tanks are illustrated on Figure HL.C.1| and are similar in
design. The tanks have an 0.6 height-to-diameter ratio fo resist overturning
during earthquoke. The=hot fank-is-made of 304 stainless steel, and the
warm tank of carbon steel. The wall thickness of each is stepped fo reflect
the hydrostatic pressure.

Cosrse Granuiar Expanded Pesriite insuiation

@

1* Sand

1’ Caicium Silicats
Board

- Carbon Steet for H
Cold Tank
- 304 Stainiess
Steel for
Hot Tank % (.,
§
+ I N A
Dimensions Hoet Tank Cold Tank
Do 1 798~
o, 80 77
1, 0.306" 0.398"
Y, 1.48" 1.8”
Y & z
” g -4
% 0.25" 0.25”
}

248" 24"

Figure 111.C.11. Thermal Storage Tanks
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The tank foundations are on insulating-concrete over lightweight-concrete
and are designed for stability in o seismic environment. The inner tank shell
is not restrained by the anchor bolts; hence, it is relatively free of thermal
stresses. An outer shell serves as lagging and provides attachment to the
anchor bolrts. Expanded perlite insulation absorbs compressive strains
resulting from expansion of the inner tank shell.

e. Steam Generation System

The steam generator system includes the heat exchangers (preheater,
evaporagtor with integral steam drum, superheater, and reheater) and the
interconnecting piping, valves, and control instrumentation.

A schematic of the syfem is shown on Figure Hl.C.12. A mixing valve blends
the hot and warm salt for gradual warming of the steam generator heat
exchangers during startup.

Molten salt flow follows three paths. One path flows through the
superheater. The valve, FCV-3, on the superheater outlet is used primarily
to fine tune superheater pressure drop and regulate superheater steam outlet
temperature. The single pass superheater does not provide any convenient
entry points for spray attemporation of outiet temperature. The-nominal-
satt-intet conditions are 160 psig, 1050%F«

Another path flows through the reheater. The valve FCV-2, is the primary
point of regulation of salt flow between the superheater and the reheater.
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Figure 111.C.12. Stesm Generator System Schematic
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The hot reheat steam temperature is controlled primarily by regulating salt
flow. Secondary contro! is provided by spray attemporator at the inlet to
the reheater.

The third path is a bypass line around both the reheater and superheater.
This path merges with the salt outlet flow from the reheater and
superheater. The valve, FCV-4, regulates the amount of bypass flow. FCV-4
will be operated to minimize the amount of attemporation required on the
reheater. The valve will be positioned according to total steam fiow, with a
slow response correction for attemporator flow.

All these flow paths merge, and a single path flows through the evaporator
and preheater, in series, The valve, FCV-l, on the preheater outlet,
regulates total salt flow. This valve is analogous fo the burner control in @
fossil fired unit. Opening FCV-1 effectively increases the firing rate and
the steam production rate in the evaporator.

All feedwater flows to the preheater and exits fo the steam drum of the
evaporator. A recirculation pump draws water from the drum to blend with
the feedwater and ensure a feedwater inlet temperature safely above the
freezing temperature of the sali.

Water flows through the evaporator by natural circulation. Steam from the
drum flows through the superheater, and warm reheat steam from the
turbine flows through the reheater.

All heat exchangers are vertical, with water/steam flowing upward.
Mﬁt{sﬁmﬁybgs‘jn\ihg/heﬁtmhmgers;»gre»sizrﬂig,‘!r&fﬁ;beﬂows-m-the)
sheli side provides for expansion. The preheater, superhecter, -and reheater
are ‘counferflow and the evaporator is parallel-flow. -

EPGS and Balance of Plant

The EPGS and balance of plant for the molten salt system is as described in
description of the selected plant, Secton IV. .

Piant Control System

The plant control system is @ computerized system capable of semi-
automatic operation. The basic schematic diagram for the control system is
shown on Figure 1l1.C.13. The collector control systems for the two modules
(north and south fields) are identical. They share a single additional
redundant Heliostat Array Controiler (HAC) in the main plant control. The
main plant control equipment and the collector field HACs are located in the
main contro! building. Heliostat Field Controllers (HFCs) are located on

-each individual heliostat pedestal. The control and power wiring for each

HC, HFC and the leads fo the HAC are connected with buried underground
cables.

The receiver controls are located in the control building and are connected
to the respective equipment with cabling which is carried in cable racks in
the plant area and with underground cables in the field areas. The two
receiver controls provide identical control of salt flow rate to maintain salt
outlet temperature. Combined signals from the two receiver controls are
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Figure 111.C.13. Plant Contro! System — Molten Sait Configuration

supplied to the thermal storage controller. The thermal storage controller
controls the mass flow rate ond distribution of molten salt to the receivers.
Therma! storage control is located in the control building. The cabling
between the thermal storage controlier and the thermal storage system is
carried on instrument trays in overhead pipe racks.

The steam generator control is located in the control building. This
controller controls salt and water flow to the steam generators. The cabling
for the steam generator system control is carried on instrument frays in
overhead pipe racks. The turbine-generator control controls steam flow
through the turbine, excitation and cooling for thé generator and interfaces
with the grid. The turbine-generator control is located in the control room.
The connecting cabling is carried on the instrument trays in overhead pipe
racks,

The plont control system is assembled from commercially available
minicomputers and microprocessors, The operator's control panel is
equipped with color CRT displays and hardline printers. The operational
software for the control system is stored on disks. :

Final Baseline Salt System Sizing Data

The baseline molten salt system component sizes and capacities are
summarized on Table 1H.C.1.

Baseline Sait System Costs

The estimated costs of the baseline molten salt system are shown on
Tobie 111.C.2. These costs were based on the system as described in the
preceding text.
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TASLE HIL.C.1
BASELTNE MOLTEN SALT
SYSTEM CHARACTERISTICS

Capacity Factor 0.6
Annual Energy to Steam (GWghr)
Land Area 209
Heliostats 15,240
Glass Area m2 866> ¢oo
Tower Height (m)
/

Optical 202 66°¢

Rec 205 o /

Top of Tower 1gp 72
Receiver Design Pt. Power MW, (fg‘{h) 306~
Rec. Geometry H X W (m) | 24,6 x 19
Rec. Area (m?) 470 /OW
Design Pt. Flow Rate  (Ib/hr) 5.63 x 106
Cold Salt Pipe (A106GrB)

Riser (m) 260

Horizontal (m) 1920

Total (m) 2180
Hot Salt Pipe (304H)

Downcomer {m) 260

Horizontal (m) 1920

Total (m) 2180
Receiver Pump

Number 4

Size =.75 5 MW,

Head (ft) 200
Storage Size (MW;hr) 2510

Type Two Tank
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TABLE 1ll.C.2
BASELINE MOL TEN SALT SYSTEM COSTS

0.6 Capacity Factor
(198! § Mmillions)

1.0 Solar Steam Supply System
.l Collector

44

Al Collector Purchase Price . $127.0 :
12 Collector Erection 21.8 l
.2 Mcjor Solar Steam Supply Hardware 34.1
.3 Solar Process Mechanical Equipment 12
.4 Solar Electrical 2.0 l
.5 Solar Civil and Structural 10.1
.6 Solar Piping and Instrumentation 229
.7 Solar Yardwork and Miscellaneous 3.3 l
2.0 Turbine/Generator e.l
3.0 Process Mechanical Equipmen‘t 2.5 .
4.0 Electrical 8.2
5.0 Civil and Structural ‘ 4,2 l
8.0 Process Piping and Instrumentation : 8.7 l
7.0 Yardwork and Miscelloneous b
8.0 Switchyard 0 ]
70.0 Distributable Construction Costs (CM&SU) 3.9
80.0 Engineering & Horme Office l
~A&E 8.3
- Solar Integrator 2.0 l
Subtotal 305.7
Contingency 8.8 l
Total $314.5-
@ ]
re 5190 o
Dollars per MWhr, $606 l
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e Baseline Salt Svstem Performance

The baseline molten salt system performance is shown on Figures lIL.C. 14
and 11.C.15. The first figure shows the performance on a waterfall chart for
the design point conditions. The second figure shows the corresponding
annual average date. The auxiliary power requirements at the design
conditions are shown on Table IH1.C.3. Table I11.C.4 gives the annual energy
requirements for system parasitics.
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Performance Factors

Figure 111.C.14. Baseline Molten Salt System Performance

3.

Technology Readiness

Molten salt has been used in industry for more than -years -as-g-metal_heat
'r;ectﬁ:ngﬁsolutmicnd::onhect:?tmnsferf mediem. Extensive design and operational
experience has been gained with the material ond the equipment used to handie and
control it This industrial experience and the comprehensive DOE technology
development programs aiready completed or underway have been instrumental in .
advancing molten salt system technology for solar plants. The additional
technology data required to build large commercial molten salt systems in the near
term are being generated now and are scheduled to be completed within the time
frame of Solar 100.
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TABLE 111.C.3
MOLTEN SALT SYSTEM AUXILIARY POWER REQUIREMENTS
(LOADS IN KW,

0.6 Capacity Factor

Collector/Receiver Steam Cycle
6E
\:’?f it Design Design
50 Point Shutdown Point Shutdown
S

Collector 679/j 1100 610 — —
Receiver

Feed Pumps Lol D 5612 — — —_

Heat Tracing — 1000 —— —
Thermal Storage & Transport :

Heat Tracing —_— 1000 — —
Steam Generator HoT Pom , ’

Circulating Pump T~ @ —
Master Control 50 30 —

SO

Steam Cycle 2 W 15

Variable Load* — — 20 / —

Cooling Tower Fans — — ——

Circulating Water Pumps — — D Efgﬂ—

Heating/Air Conditioning — — 30

Misc. Fixed Load — —— 300 260
Totals 7676 2640 5640 560

*Feedwater and Condensate Pumps

The progroms which have been completed or are underway for molien sait include
the following: -

o) Completed testing at CRTF of a molten salt cavity receiver which achieved
the test goals of producing a 1050°F outiet salt temperature, opi'eruﬁng at a
peak—fiux- of JZ5 MW, /m* (well over the design flux of .63 MW/m®), operating
a receiver in transient insolation conditions, demonstrating .overnight
shutdown and next day startup, and operating a closed loop molten sait
system,

o Current DOE Subsystem Research Experiments (SRES) which are addressing
the following areas in molten salt use and equipment:

- Carge receiver absorber panel design, fabrication ond operdfion.
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. TABLE Hl.C.4
BASELINZ SALT SYs1em AUXILIARY
ENERGY REQUIREMENTS

ANNUAL ENERGY

(GWehr)
Heliostats 4.31
Receiver Feed Pump 10,929
Steam Generator Pumps 4.80 7 (A\}J‘\)‘
Master Control 30 /\\)\
Variable Load* [5.9
Cooling Tower | 2.9
Circulating Water Pump 4,73
HVAC 3.3
Miscellaneous** 12.36

Total 5%9.59] !:u' >

*Feedwater and Condensate Pumps
**Trace Heating and Miscellaneous Fixed Load

- Steam generator design, fabrication and operation.
- Thermal storage system design, fabrication and operation.
- Continued molten salt properties determination.

Operation of a small (2.5 kWe) molten salt centfral receiver electric
generatfing plant in Fronce.

Data available from these_programs materially improve technology reediness
for design and operation of & near-term large power plant using molten salt.

Key results already available or being generated include significant data on a
receiver design and operation, materials compatibility, and molten salt
maintenance. These results, in oddition to the extensive industrial
background with molten salt and related equipment developments for use in
liquid sodium service (pumps, valves and steam generators) provide a high
level of confidence for technology readiness using this media.
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The forthcoming Soiar | operation, of course, also applies to a large meaasure
to this plant for solar readiness independent of heat tfransfer medium
considerations. Residual concerns reauiring validation for this medium are
the extrapolation of results o larger scale (common to all technologies) and
extended operating fimes.

LIQUID SODIUM SYSTEM DEFINITION

Functional Description and Key Attributes

The system, shown schematically on Figure IIL.D.I, consists of a tower-mounted
sodium-cooled receiver heater by a field of MDC Model 50 heliostets (DOE/Sandia
second generation).  Sodium heated in the receiver is routed through a
sodium/water steam generator, through the thermal storage system. The steam is
then used in a conventional manner to power a reheat turbine generator set to
produce electricity. The cooled sodium is returned through the thermal storage to
the receiver. The thermal storage system buffers the steam generator from solar
transients as well as supplying energy during extended periods of no insolation (i.e.,
after sunset). The use of a high temperature storable fluid, such as sodium, in the

" receiver and thermal transport loop not only decouples steam generation from solar

transients, but permits a high efficiency turbine reheat steam cycle at
temperatures and pressures standard to utility practice.

Use of sodium as a high temperature heat transfer fluid had its genesis in the

. nuciear industry. Liquid sodium is thermally stable at the elevated temperatures

PP
PSP |

required for this application. The vapor pressure at I 100°F is only slightly above

Receiver

?> > i Reheat
- ' Steam
MDC 2nd v — Generator
Geqeration ,
Heliostats Thermal E é

Storage

System A

t ‘ ! ' Heat
Q J Rejection

Pump

Figure 111.D.1. Solsr Central Receiver System — Liguid Sodium

i11-48



2.

atmospheric pressure. Maior sodium eguipment, simiiar to that required for solar
use, has undergone extensive development for use in breeder reacfor systems. This
includes pumps, valves, lines, and steam generators. millions of dolliars have been
spent designing, building and testing these components.

The relatively high thermal conductivity of liquid sodium permits receivers to
operate at higher flux levels than with other fluids being considered for solar use.
The high eonductivity in the sodium limits froni-to-back receiver tube temperature
difference which permits higher fiux for the same allowable stresses than could be
permitted with other fivids. The major advantage of operation at high flux is ¢
reduction in receiver size (area) for a specified power ievel. This theoretically
reduces the cost of the receiver as well as improving its thermal efficiency
(reduces area dependent losses, convection and radiation). Although these benfits
are realized for external cylindrical receivers (externally heated), cavity receivers
(internally heated) may be aperture size limited (heliostat spot size) and may not
realize this benefit.

Relctively high cost and low specific heat limit the economical usefulness of liguid
sodium as a sensible heat storage media. Sodium's lower volumetric specific heat
(product of density and specific heat Cp) also drives up the cost of storage tanks.

Also, the highly reactive nature of sodium and water is important in the design of
sodium components (primarily steam generator systems) and increases the cost of
these components.

Uptions for Trade Studies

The foregoing discussion suggests severai alternate configuration concepts for the
receiver and thermal storage systems. In addition, receiver tower selection was
based on the steel versus concrete tradeoff conducted for the baseline Molten Salt
System definition (Section 1ll.C). Economics, performance, and relative
development status of these system configuration candidates were evaluated fo
select the system for use in the final plant concept seiection,

The two candidate receivers are shown on Figure I[1.D.2. The external cylindrical
receiver is a derivative of a-Rockwell/ESG design (Reference IIL.D.1), while the
partial cavity receiver is based on o MDC designed salt receiver
(Reference 111.D.2). The partial cavity operates with a collector field located north
of the receiver (north field), while the external cylindrical receiver operates with a
360° surround field,

The external receiver design is based on 24 identical tube panels with single pass,
paralle! flow. Previous studies by Rockwell identified an operating problem for this
receiver with an optimized surround field. The preponderance of heliostats are
located in the better performing north portion of the field. This north biasing of
the field yields an unacceptably high ratio of north to south incident power (order
of 5:1) on the receiver, Unreasonably low flow in the south receiver panels is
required to maintain the desired outlet temperature under this condition.
Therefore, it is necessary fo bias heliostats to the south portion of the field to
reduce the north/south power ratio. This results in a lower efficiency collector
field with more heliostats than an optimized field. This impact was included in the
trade study.
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Figure !11.D.2. Candidate Sodium Receivers

The sodium thermal storage options considered in the trade studies are shown
schematically on Figure 111.D.3. The two-tank system consists of two nearly equal-
volume insulated steel storage tanks and appropriate plumbing to aliow the
alternate filling and draining of the tanks as the system operates. Hot (I [ 00°F)
liquid sodium flows from the receiver into the hot tank, from where it flows on
demand through the steam generator to the warm (550°F) tank (after giving up heat
fo generate steam). The cold tank serves as a supply of sodium for the .receiver
during receiver operation. To provide the necessary operational flexibility, both
tanks must be large enough to hold the entire sodium inventory. The amount of
sodium available with any significant storage capacity is inherently adequate to
buffer the steam generator from receiver transients. Low specific heat and high
cost of sodium make this sytem costly at high storage capacities.
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Figure 111.D.3. Candidate Sodium Storage Systems
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The aiterncte storage concept (air-rock fnermocline) uses rock as c low-cost
storage medic. The thermocline rock bec is alternatery heated and cooled by
circulating air through the roeck bec and g two-way sodium heat exchanger locatec
adove the rock bed. Because the heat is stored in rock, the sodium inventory is
recducec from large storage tank quantities to small (order of |5 minutes operating
+ime) hot and warm buffer tank quantities . An additional advantage of this
concept is that the sodium operates in a closed loop, allowing recovery of the
sodium static head in the downcomer, thus reducing the receiver pump head
requirement, On the other hond, the cost of large pressurized storage tanks
nrecludes this advantage fof the two-tank system. The tempercture differential
required to transfer heat to ond from air-rock storage reduces the sodium
temperature entering the steam generator compared fo that for the two-tank’
system. This involves 1trade-offs among steam generation size, electrical
generation efficiency and storage size.

Trade Studies

a. Key Inputs, Assumptions and Results

The insolation model used in all the trade studies is the SOLINS Barstow
mode]| (see Section V-A.).

All trade studies were based on the MDC Mode! 50 heliostat characteristics
(see Section IV=C).

A slipform concrete tower was selected for the sodium system as a result of
cost tfrades done for the baseline salt system, which is discussed in
Section |11-C.

Receiver

Where necessary, receiver area was scaled directly with design-point
power. Performance estimates for the external receiver were based on
published performance data for the Rockwell hybrid system receiver. The
value used for absorptivity is 0.95. The radiation and convection efficiency
foctor was derived from the published design-point value of 0.94, which was
assumed to vary proportionally to receiver area. This resulted in an annual
radigtion and convection efficiency factor of 0.920 for the receiver size
determined for this application. A first order analysis led to the conciusion
that the radiation and convection losses from a sodium partial cavity
receiver, on the basis of total receiver frontal area, wouid be equivalent to
the more rigorously derived losses estimated for the molten salt partial
cavity receiver. However, because the frontal area of the sodium receiver is
smaller than the salt receiver, at the same design-point power level, the
radiagtion and convection efficiency factor for the sodium partial-cavity
receiver is slightly higher than thot for.salt (0.964 vs 0.940). Reduction in
frontal area results from sodium's higher allowable flux. However, this
reduction is limited by heliostat beam size to minimize spillage losses. The
higher flux also allowed a reduction in the internal cavity area which
translated fo reduction in cavity depth, relative to the salt receiver. For
this reason, the cavity effect of improving absorptivity by capturing first
reflected energy is less for the sodium receiver. The assumed value for
absorptivity was 0.975 compared to 0.980 for the salt receiver. Table H.D.1
summarizes the receiver performance factors (both design point and annual
average) used in the trade studies.
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TABLE Iil.D.]
SODIUM RECEIVER WATERFALL
PERFORMANCE FRACTIONS

Radiation and

Convection

QOverall

Receiver Type
External Cylinder Partial Cavity
Design Point Annugl Ave, ‘Design Point Annua! Ave,
0.%5 0.95 0.975 0.975
0.940 0.920 0.964 0.953
0.893 . 0.874 0.940 0.929

Receiver costs were derived from reported values from the prev.iously
referenced studies of these receiver concepts by MDC with consultation by
Foster Wheeler.

The collector field size, shape and performance is based on SNLL DELSOL
collector field computer code optimization runs for the system. DELSOL
runs for the external receiver were constrained to limit the ratio of north to
south receiver power to less than two to one.

The results of the receiver trade study are shown on Table 1il.D.2. The table
shows about a 10% cost advantage in favor of a collector field with a
partial-cavity receiver, due mostly to the reduction in heliostats caused by
the field performance advantage of a north field over a constrained surround
field. This advontage is offset somewhat by the higher cost of the receiver
and taller tower of the partial-cavity system.

Storage

Both system concepts were sized fo provide 923 Mw*hr, corresponding to a
plant capacity factor of 0.38. Costs for the two-tank system were estimated
by MDC, based on a Stearns-Roger design reported in the Rockwell/ESG
hybrid study. Bechtel estimated the costs for the air-rock system based on
modification of system described by Rockwell/ESG (Reference 1il.D.3). The
modifications, which involve reducing the capacity of the buffer tanks from
30 min. to |15 min. and resizing the fans ond air/sodium heat exchanger

- capacity from 390 MW, to 260 MW,, were at the suggestion of Rockwell/ESG

personnel contacted by Bechtel. The cost comparisons of these systems are
summarized in Table 1l{.D.3.

As shown on the table, potential savings are on the order of 7.4 million
dollars (roughly 3% of fotal plant cost) with an air-rock system. The bulk of
the savings comes from the reduction in sodium inventory. The savings in
sodium storage tanks is more than offset by the cost of the air-rock peculiar

111-83




TABLE 1.D.2
SODIUM RECEIVER COMPARISON DATA

Capacity factor @ 110 MW, = 0.38

External Cyl. Partial Cavity

Configuration Surround Field North Field
Annual Energy (GW,/hr) 858 858
Overall Efficiency {annual) 222 257
Total No. of Heliostats 11,138 9,720
Number of Fields ! {
No. of Heliostats per Field i1,138 9,720
Tower Height (Optical) | a2t 745 f,
Receiver Des. Point Power . 377 MW, 387 MWy
Receiver Area 6,734 #12 9,973 #12
Aperture Area 6,734 f'rz 5,382 §+2
DELSOL Level Dir. Cap. Cost + . $119.5M $108.5M
Dir. Cap. Cost §.139/ S.126/
Ann, Energy to Base of Tower kW¢hr kWqhr

+ lncludes collector field, receiver, tower, receiver pump, and piping.
Based on heliostat costs of $150/m<.

equipment. Even greater savings can be obtained at higher plant capacity
factors (larger storage capacity). The potential savings at a capacity factor
of approximately 0.6 were estimated to be about 5% of total plant costs.
This trade study did not:include the cost impact of reduced sodium
temperature ot the steam generator inlet. This would negate a portion of
the storage savings through cost increases in other parts of the plant.

b. Risk Considerations

Both candidate sodium receiver manufacturers (Rockwell and General
Electric) have opted for external receiver configurations, so all design
studies and test hardware to date support this approach. Although a sodium-
cooled partial cavity receiver is not expected to present any sodium=peculiar
problems, there is simply a jack of design definition and hardware

fabrication for this approach.
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TABLE 111.D.3
THERMAL STORAGE COST COMPARISON

Two Tank Air Rock
Plant Capacity Factor 0.38 0.38
Capacity (MW, hr)‘ 923 923
Costs (1981 § millions)
Hot and cold tanks 6.90 0.7
Heat exchangers - 5.97
" Fans - 1.37
Rocks - 0.87
Rock containment " - 0.78
Retk foundation - : 0.35
Piping 1.08 1.08
Sodium 11.40 1.08
Total* 19.38 11.97

*Does not include allocations (distributables and solar int. + A&E).

C.

Large-scale high temperature air-rock storage has been defined
conceptually, but there are many basic technology issues which remain to be
demonstrated. These include rock stability at elevated temperatures
(1100°F), minimum operating temperature differential in the system, air
pressure-drops and the corresponding fan parasitic power demand, and
thermocline stability in an air-rock bed. Two-tank sodium storage does not
involve these issues, although there is always the unknown of large-scale
increases in size.

Conclusions

The selected receiver for the baseline sodium system is an external
cylindrical receiver. The lack of design definition and demonstration for the
partial-cavity sodium receiver outweighed its potential cost savings,
considering the near-term first-of-o-kind plant for this project. If the
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sodium svstemn appears artraciive compared fo alternate systems, then the
savings for a partiai-cavity receiver should be considered for future plonts.

A two-tank sensible heat storage system is selected for the sodium system.
The cost benefit of the air-rock system doesnt warrant infroducing the
uncertain technology issues in ¢ near-term first-of-a-kind plant for this

project.

Cendidate Liguid Sodium Svystem Description

c'

Ce

General

The baseline liquid sodium system piant operates at a capacity factor of 0.38
and includes the collector field surrounding the tower and receiver, thermal
storage tanks, steam generators, turbine/generator and balance of piant, all
loccted in an area of the base of the tower.

Collector System

The 713-acre collector field is approximately circular, as shown on the plot
plan (Figure [ll.D.4) End contains 11,261 MDC Mode!l 50 heliostats with
approximately 57 m“ each of glass area for a total mirror area of
640,075 m*. The heliostats are arranged in a radial staggered array around
the fower.

Receiver System

The receiver svstem consists of a cylindrical absorber unit with its support
structure, control elements, interconnecting piping and a receiver tower.

The receiver fower is a tapered, slip formed concrete structure which
supports the receiver at an optical height of 505 ft. Approximate scale and
dimensions for the receiver tower are shown on Figure lIl.D.5. The receiver
support structure attaches to the tower top.

Refer 1o Section IV.D for details of the tower construction and features.

The main sodium riser and downcomer are supported on the inside of the
tower shell and include expansion loops at the appropriate infervals. The
downcomer is 12.75 inch diameter, stainless steel and the riser is 24 inch
diameter, carbon steel. Beth are insulated with calcium silicate insulation
(5 inch on downcomer, 2 inch on riser).

The receiver is constructed of 24 factory-assembled absorber panels (made
of Incoloy 800) and arranged in cylindrical configuration. Each parel is
complete with strongback, insulation and lagging, instrumentation, structural
attachment points, piping, and piping attachment points. The general
arrangement and components of the receiver are shown on Figure I1L.D.6.
The receiver design point power level is 377 MW,,. It is designed to operate
at a peak heat flux of less than 1.5 MW/m* and tube metal temperature less
than 1200°F.
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Figure 1{1.D.6. Sodium Receiver General Arrangement

The design point flowrate is 7.9 x 106 Ibfhr. The minimum flowrate
capability is 60% of rated flow. Hot sodium flows from the receiver to the
hot storage tank except startup or when the receiver fluid temperature drops
below |090°F. In this case, the fluid is recirculated to the warm storage
tank. The receiver is drained for overnight shutdown.

Storage and Transport System

The storage and transport system includes the thermal storage tanks and all
piping between the receiver, steam generator, and the tanks, and the
associated pumps, valves and control instrumentation.

A schematic is shown Figure 111.D.7. A drag valve (LCV-1) controls the fluid
level in @ receiver outlet surge fank. A bypass from the receiver fo the
warm storage tank permits receiver circulation during startup and low
insolation periods without degrading storage temperature.

The hot storage tank accumulates the sodium flow from the receiver for use
on demand by the steam generator system.

Two pumps operating at half capacity each feed sodium to the steam
generator. Each multistage, cantilever pump s capable of delivering
6500 gpm at 100 psi (300" head. Each pump operates at 75% efficiency and
requires 400 kW when running at full capacity. Bypass dump lines to the hot
tank provide pump control. A bypass around the steam generator through

BV (Figure I1.D.7) permits sodium circulation to the warm tank to maintain
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Figure 111.D.7. Sodium Storage and Transport System Schematic

warm tank temperature. Another bypass line through BV2 is provided to the
warm tank outlet for blending with sodium from the hot tonk during startup
and overnight temperature maintenance of the receiver.

Sodium returns from the steam generator to the warm tank where it
occumulates for on-demand circulation to the receiver. A flow control valve
(FCV-1) regulates total sodium fiow. This valve is analogous to the burner
control in a fossil-fired unit. Opening FCV-| increases the heating rate and
steam production rafe in the evaporator.

Two pumps operating at half capacity each feed sodium to the receiver. -
Eoch multistage, cantilever pump is capable of delivering 2,300 gpm ot a
310 psi (800" head. Each pump operates at 75% efficiency and reguires
|650 kW when running at full capacity. Bypass dump lines to the warm tank
provide pump control. A bypass line through BV3 permits gradual
temperaiure increase during steam generator startup. A flow control vaive
regulates fluid level in a receiver inlet accumulator tank.

The drag valve is a 12 inch angle valve which is preferred for its self-
draining capability. An Argon pressurization system provides a slight
positive ullage pressure (I psig) on both storage tanks. Storage tfanks,
interconnecting piping and valves are similar to those described for the
molten salt system (Section 111.C).
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Steam Generator Svstem

The steam generator system includes the heat exchangers (preheater,
evaporator with integral steam drum, superheater, and reheater) and the
interconnecting piping, valves, and control instrumentation.

The consiruction and operation of these is similar to the steam generctor
described for the molten salt system (Section ll1.C), except the steam
generators are designed fo contfain any reactants of ¢ sodium/water leak
within tne heat exchangers. This is accomplished through the use of
appropriate relief valves, piping, and c reactants containment tank.

EPGS ond Balance of Plant

The EPGS and balance of plant are common to the salt system.

Piant Control System

The plant control system provides coordinated control of all of the plant
systems. lts characteristics and operation are the same as described for the
molten salt system (Section IlI-C), except it is simplified for the single
collector field and receiver of the sodium system.

Final Baseline Sodium System Sizing

The baseline sodium system component sizes and capacities are summarized
on Table I1I.D.4.

Baseline Sodium System Costs

The estimated costs of the baseline sodium -system are shown on
Tabie llI.D.5. These costs were based on the system as described in the
preceding text.

Baseline Sodium System Performance

The overall system performance at the design point and for the annual
average are shown in waterfall format on Figure I1l.D.8 and HIL.D.2. The
auxiliaory power requirements at the design conditions are shown in
Table 11l.D.6. Table [1I.D.7 gives the annual energy consumption for system
parasitics.

Technology Readiness

The development of sodium technology for cooling breeder-reactors and steam
generation has brought about the design, construction and operation of a family of
sodium components which are directly applicable fo use in a sodium selar system.

Significant experience in this development includes:

Argonne National Laboratory (Naval Reactors Program) power-plant-scale
heat transfer and steam generator system, 1947 to 1954.
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TABLE 111.D.4
BASELINE SODIUM SYSTEM

HARACTERISTICS

Zapacity factor

Annual energy to steam (GWghr)
Land area (km2/acres)
Heliostats

2

Giass areo m

Tower height (m)

Optical

Rec €

Top of tower
Receiver design pt. power MW,
Rec. geometry H X D (m)

Rec. area (m2)

Design pt. flow rate  (lb/hr)
' (gpm)

Cold sodium pipe (A106GrB)
Riser (m)

Horizontal (m)
Total {m)

Hot sodium pipe (304H)
Downcomer (m)
Horizontal (m)
Total (m)

Receiver pump
Number
Size n =.75
Head (f1)

Storage size (MW,hr)

Type

.38

865
2.88/713
11,264%
640,075

147

150.5

133.9

385

13.2 x 13.5
642

7.883 x 106
17,836

24" Sched 80
195

195

390

12,75

195

195
3%

2
2200
800
923

2 tank

*Final heliostat quantity increased from trade study result in final computer

performance run,




Aceount No.

1.0

2.0
3.0
4.0
5.0
6.0
7.0
8.0
70.0
80.0

TA3LE 111.D.3

BASELINE SODIUM SYSTeM COSTS

0.38 Capacity Factor
(1981 § Millions)

Equiopment
Solar Steam Supply System
ol Collector
.11 Collector purchase price

.12 Collector erection

2 Major Soiar Steam Supply Hdwe.

.3  Solar Process Mech. Equip.
.4  Solar Electrical
S  Solart Civil & Structural
.6 . Solar Piping & Instrumental
ol Solar Yardwork & Misc.
Turbine/Generator
Process Mechanical Equipment
Electrical
Civil and Structural
Process Piping & Instrumentation
Yardwork and Miscellaneous
Switchyard
Distributable Const. Costs (CM&SU)
Engineering & Home Office

- A&E

- Solar integrator

Subtotal Solar

Total BOP (Bechtel, 8/6/81)

Total
MWhre

Dollars per MWhrg

#50.9 is sum of asterisked items
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Figure 111.D.8. Bassline Sodium System Performance

- Argonne National Laboratory Engineering Breeder Reactor (EBR-1), early
60's.

- The Sodium Reactor Experiment (SRE) experimental test facility to generate
electric power, 1957 to 1965.

- Hallam Nuclear Power Facility generating electric power, from |962.

- Argonne National Laboratory EBR-1I 20 MW integrated fast breeder reactor
and power plant, since 1965.

- Fermi nuclear plant, 1962 to 1966.

Successful operation of sodium-cooled reactors in the United States attracted the
attention of several European countries, and sodium-cooled reactors were designed
and constructed there. Second generation reactors are now operating in Russiq,
France, and U.K. The third generation of these concepts is being designed. It is
interesting fo note that all sodium-cooled reactors, taken together, have completed
about |15 operating years to date.

Because of this vast experience with sodium as a heat transfer fluid, it has not been
considered necessary to initiate separate sodium steam generator scientific
research experiments for solar applications. In addition to numerous fest loops
involving steam generators, there are currently seven domestic reactors producing
power using sodium steam generators. :

11-63




1800 oo
1648.8
1.00GC
1600 =
1400 po=
Annual Average
1230.7
[0.752 |
1200 =
111157
0.667 | 10786.7
0.853
<= 1008.
E 9087, 996.7 (Energy to Sodium)
z 1000 = 0.612 0.605
g . £48.8
z 0.574
B 872.1  865.1 {Energy to Turbine!
) 0.328 [0.525| (Sotar System
Efficiency).
800 t=—
g >
600 — x 2
£ < s &
3 2 g | £
£ 5| s | 8|2 |28 @
2 sl E |38 |¢8|25|s
= .E § g £ 1~ F0 2
400 — 4 H S E s £ '§ 8‘% S | 3894  (Gross Eiectricity)
< S e 5 < £ c | T & [03224] |(Soler 1o Gross
- Electric Efficiency)
8
[}
200 b g g
]
ES
vl
oL 1.000 { 0.752 0.800 ] 0.865} 0.937 0.888 | 0.950} 0.821 { 0.882| 0.427

Performance Factors

Figure 111.D.8. Basaline Sodium System Performance
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TABLE 111.D.6
SODIUM SYSTEM AUXILTARY POWER REQUIREMENTS
(LOADS IN KW,)

0.38 Capacity Factor

Collector/Receiver Steam Cycle
Design Design
Point Shutdown ~ Point Shutdown
Collector 720 — — —
Receiver
Feed Pumps 3530 — — ——
Heat Tracing — 320 —_— —
Therma! Storage & Transport
Heat Tracing — 500 — 300
Stearm Generator
Circulating Pump — — 280 —
Master Control 50 30 — —
Steam Cycle
Variable Load* — — 3020 —
Cooling Tower Fans — — 550 ——
Circulating Water Pumps — — 900 —
Heating/Air Conditioning — — 440 300
Misc. Fixed Load — — 320 260
Totals : 4300 850 5510 860

*Feedwater and Condensate Pumps

The only major sodium solar component which does not have a counterpart in
already developed reactor systems is the receiver. However, the vast experience
gained in the development of high temperature sodium components in general lends
credibility to sodium receiver designs. In order to verify the design further, a test
of sodium-cooled receiver panels was started late last year and is currently under
solar testing at CRTF. The panels -are being tested at up to 2.5 MWT and a peak

flux of 1.5 MW/m<* has been demonstrated.

Operational experience associated with overnight drain and nexi-day startup is
being obtained along with tronsient solar operations. This test will provide the

development experience leading to a commercial type receiver.
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TABLE IlI.D.7
BASELINE SODIUM SYST=M AUXILIARY
- ENERGY REQUIREMENTS

Annual Energy

(GWghr)

Heliostats 3.10
Receiver feed pumps 5.61
Steam genergator pumps 2.66
Master control . 33
Variable load* 10,13
Cooling tower : (.84
Circulating water pump 3.02
HVAC ' 3.10
* Miscellaneous** 2.48

Total ' 32.27 GWghr

*F eedwater and condensate pumps.
**Trace heating and miscellaneous fixed load.

As for the previous concepts, the forthcoming Solar | operation also applies to a
large measure to a sodium solar plant readiness independent of heat transfer
medium considerations. Residual concerns requiring validation for this medio are
the extrapolation of results to a larger scale and extended operating time for the
receiver,

ll-E. SYSTEM SIZE/CAPACITY FACTOR SENSITIVITY

This-study determined that a 110 MWe “(gross)-solar-thermal-power- plant with u capacity .

factor of 60% would produce the lowest bus bar energy costs., This conciusion was based
on cost analysis of various system sizes at different capacity factors. Another primary
consideration is determining the size and capacity factor of the plant was the
requirement that 75,000 heliostats would have to be built in order to produce a cost-
effective design. Accordingly, six plants were assumed to be required and the number of
heliostats assumed for one plant (assuming a molten salt design) was approximately
15,000; based on MDC's design, this number of mirrors would produce about 650 MW, of
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heat. The plant size and capacity factor were therefore the variabies and the size of the
collector field and tower/receiver were fixed. The purpose of this section is to discuss
the methodology used in determining plant size and capacity factor from both an Edison
viewpoint and o generic perspective.

Edison Svstem Dispatch

The Edison system consists of roughly 15,000 MWe of generating capacity consisting
primarily of oil/gas units although coal, nuciear, hydro and purchased power also maoke
significant contributions. [Normally, a utility system is dispatched on economics. The
unit which will produce the next increment of electrical power for the least cost is
dispatched (or loaded) into the system grid first, However, Edison is unique in ifs
dispatching system due to the air pollution problem indigeneous fo the Los Angeles
basin. In order to minimize NOx (nhitrogen oxides), Edison must load the next increment
of elecirical power fo produce the least amount of NOx.

The WNOx dispatch appiies only to those units located within the Los Angeles basin; the
remaining system is then subject fo economic dispatch. Due tfo this unique dispatch
system, the Edison system evolved such that

a) the in-basin units were relegated to “swing load" units, and

b)  the out-basin areas were used to site base load units (e.g., coal and nuclear)

c) there is-strong pressure on Edison to purchase power from out-ofsstate tominimize
NOx-production and siting-of large base loaded units.-

Accordingly, Solar 100 must be dispatched in such a way to produce maximum economic
benefit to the Edison Company given the above restraints.

[. Dispatch Analysis - Edison

In order to analyze, the dispatch requirement of Solar 100, o computer simulation
of the dispatch system was used. This "Simuiation" program was not specifically
developed for Solar 100 as the program is used by Edison for o variety of uses.
Simulation is used by Edison's System Development Department to- determine
generation mix, forecast capacity factors and, for each unit on the system,
projected fuel requirements. The program loads each unit on the system on a bi-
hourly basis (based on inputted load and capacity forecasts) to minimize NOx
emission in the basin. in other words, the program looks at each unit and
calculates the incremental increase in NOx that would occur and choses that unit
which produces the least NOx emission. The load is increased in increments until
the forecast capacity is met. All out-of-basin units are "loaded" before basin units
based on economic dispatch, i.e., those units which cost the least to load have

priority.

There are various parameters ‘which are inputted into the Simulation program which
include:

° Maximum/Minimum unit loads

o Energy forecasts

¢] Capacity forecast

o Day shapes

o Starting sequence
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Heat rates

NOx curves
Maintenance schedules
Forced outages expected
Fuel type ond price
Purchased power

000000

While there are various outputs of Simulation, this Solar 100 Study is primarily
interested in the foliowing:

c. Capacity factor
b. Qil displaced/fuel savings
c. NOx reduction

In performing the Simulation analysis, it became apparent that one of the governing
criteria that affected capacity factor of Solar 100 was minimum load. Edison has
built so much capacity in base load units and is abie to purchase so much power
(available at under avoided cost) that the in-basin units cannot be "backed off"
sufficiently without unit shutdown, By shutting down a unit the ability to meeting
the next days peak load is impaired. In order to avoid the risk of not meeting peak
load, Edison must refuse the offer of purchased power and incur an economic

alty. Referring to Figure lll.E.|, Edison's {oad duration curve for a typical week
in May 1986 is illustrated with the various components of:

system load
load after sales/purchases
* load after hydro
base load operation (coal and nuclear)

0000

As noted, base load operation is forecasted to be backed-off in order to
accommodate purchased power. Accordingly, when Edison evaluates the worth of
power from Solar 100, it must evaluate the worth of the power that it replaces. In
other words, by displacing economy or base load energy, the worth of Solar 100
power to Edison cannot exceed the value of energy that it is replacing. Therefore,
the dispatch of energy must be at those times when Edison load is the highest. As
in most other southwest utilities, maximum load occurs during the summer days,
and accordingly, Soiar 100 will have to be dispatched essentially during daylight
hours in order for Edison Company to value ifs energy at ifs optimum. Since the
amount of annual energy is constant (i.e., mirror capacity is fixed) the capacity
factor varies as shown in Figure lll.E.2. This figure was computed using the
simulation program to ascertain the dispatch sequence. By restricting the hours of
operation, the net result is that the capacity factor is redvced and the net output
(during Edison's peak load) is increased. Contract purchase forecasts are not neces-
sarily firm, consequently, more time and analyses are required before Edison
specifies an actual design capacity factor. However, for purposes of this report it
is anticipated that Edison would require a 40% capacity factor which therefore
would dictate a capacity output of 150 MWe. A particular concern fo prospective
third party owners is the time of dispatch since Edison pays a premium for "on-

peak" energy. .
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Disoatch Analvsis - Generic

in determining the dispatch anc capacity factor from a generic perspective, the
worth of electricity is calculated from the amortization of capital. In other words,
the annualized carrying charge (plus expenses) is divided by the annual energy
output to derive costs in mills/kWh. It was from this perspective that the least bus
bar energy costs were determined. All previous investigations into solar thermal
use this methodology and it was also used in this report to determine the size and
capacity factor of 100 MWe and 60%.

EVALUATION AND SELECTION

introduction and Approach

Each of the alternative systems described in the foregoing sections were designed
to conform to the requirements and criteria specified in Section li. The preferred
plant concept was selected by on evaluation process that considered the system
selection parameters specified in Section il.C. Some of these were evalugted
guantitatively and others were evaluated qualitatively. The parameters evaluated
quantitatively are:

o Performance
o Capital cost
° Ratio of capital cost to net annual output

The parcmeters evaluated qualitatively are:

Technology readiness

Technical risk

Nonrecurring costs

Operating and maintenance costs
Reliability, maintainability, availability
Safety hazards

Operability

Schedule

Generic adaptability

00000 0O0O0O0OO

Two parameters, levelized busbar electric costs and cash flow, which were
originally identified for the evaluation, were not evaluated directly. The frade
study scope did not include quantitative estimates of operating and maintenance
costs for the alternative systems, so levelized busbar electric costs could not be
calculated. However, because operating and maintenance costs can be generally
estimated as a percentage of initial capital costs, the ranking of systems by ratio of
capital cost to net annual output is equivaient to @ ranking by levelized busbar
electric costs. Therefore, this ratio is used in liev of levelized busbar electric
costs. Likewise, the frade study scope did not include definitive schedule estimates
for the alternative systems, so meaningful cash flows could not be generated.
However, within the relative accuracy of the evaluation, rankings based on the
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ratio of capital cost to annual net output should approximate a ranking by cash flow
requirements. The system definitions and data presented in the preceding sections
were used in the evaluations. The cuantitative evaluation is presented in
Section IlI.F.2. The qualitative evoluation is presernted in Section Ill.F.3. A
conclusion of the recommended baseiine configuration is presented in
Section ll.F.4.

Quantitative Evaluation and Ranking

Tables lI.F.I, 2, ond 3 present the key sizing and system definition data, system
performance data, and system cost data, respectively, for each of the alternative

* systems.

All systems data ore derived from published literature and are based on the same
insolation and computer performance models.

Figure llI.F.l presents data for system capital costs vs. net annual electricity
output. The cost data do not include switchyard costs, because these were judged
to be common tfo all systems.

Figure lll.F.2 presents the ratio of capital cost fo net annual energy output for oll
three candidate systems over a range of capacity factors and net annual electricity
outputs.

Based on this data, it is apparent that the high capacity factor (0.6) molten salt
system provides the best cost/performance ratio.

Qualitative Evaluation and Ranking

For the qualitative evaluation, the candidates were orgonized by major systems
(collector, tower, receiver, energy tfransport and storage, steam generators or
storage heat exchangers, EPGS, and plant control) and each of these systems were
evaluated in terms of the qualitative parameters. In this evaluation, the qualitative
relative rankings were developed by assigning a plus (+), zero (0), or minus () for
each parameter. A plus is indicative of superior quality of a parameter for a
parficular candidate's system relative to the other candidates' systems; a zero is
indicative of a norm for all condidates' systems; and a minus is indicative of
inferior quality. For example, a Solar | once-through receiver was judged to be
relatively superior to either salt or sodium receivers with respect to technology
readiness and nonrecurring costs. This is based on the Solar | progress and
demonstration status, as opposed to only single panel tests at CRTF for salt and
sodium receivers. However, the water/steam screened-tube receiver (best choice
primarily for improved controllability) represents too .much of a departure fo
benefit to this degree from Solar |. And because it hasn't been subjected to even
single panel tests at CRTF, it is judged inferior to the salt and sodium receivers. It
should be noted that, although a single receiver configuration (screened-tube) was
selected for the water steam system in Section I[lI.B, the level of readiness
exhibited by the Solar | receiver (once-through) forced consideration of it in this
evaluation to the point of determining its influence on the system choice.

Table IlI.F.4 presents the results of the relative ranking between candidates for
each system and qualitative evaluation parameter.
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_ TABLE HILF. |
TRADE STUDY COMPARISON DATA - SIZING ANI SYSTEM DIECIMITION

Wafer/Sleam
(Zero Storaqge) Molien Salt . Liquid Sodivms
Capacity facior 0.264 0.397 0.482 0.299 0.396 0.5 0.5 0.250 0.380 01.59%
Net. ann. elec.
(Gwehr) 23i.8 K11 K ) 421.9 262.\ 37.3 450.2 520.6 219.1 332.6 520.4
Tot. No. of
H-stals 8l75 13420 17250 1620 190100 13217 §5240 7376 11261 17688
‘No. of coll. flds. | i | | 2 i 2 | I ]
I I-stalsf
coll. fid 875 13420 17250 1620 5650 i3287 7626 1376 11261 17698
. Tower ht. (f1) 363 Lgh ) 543 597 475 783 597 358 hh6 560
Rec. des. pi.
Pow (MW|) 292 467 ‘600 - 306 204 525 306 255 385 598
Rec. diam.
- (width)(f1) hé 58 66 63 52 83 63 35 13 5h
3 Rec. height (f1) 64 8l 94 81 67 107 84 h) 5t Gl
Aper. area ("2) 92i5 14726 i8946 5123 3467 8790 5123 4560 6908 10881
Abs. area (f '2) 9215 14726 18946 12939 8757 22199 12939 4560 6908 10801
Storage cap
(Mwihr) 0 1396 2660 250 800 §700 2510 130 9213 3046
Stor. cap (lrs ,
al design power) - 0 h.8 9.2 97 3.1 6.6 9.72 0.5 3.6 1.8
Wt. of stor.
media (tbs) 0 7.0x105/0  13.0xi05/()  nexi0b  1h.7x106 30.3x108 46.0x106 2,7x106  18.9x106 62.4x106 .
67000 125,000
Gross turb.
rating (MW,) no no7i @ 1@ 1o 1o 10 o 110 1o 1o
Gross turb, )
cycle eff. 317 37702680 3777268 w27 427 421 427 421 A27 427
Turb. type Non reh.  Non-reh Mon-reh Reheat  Reheat  Reheal  Reheat  Reheat Reheal  Reheal

with adin.  with adim

— e e

(1) Gal. of ollftons of rock
(2) Throtile aperations/admission operations



TABLE Ill.F.2
TRADE STUDY COMPARISON DATA - SYSTEM PERFORMANCE
ANNUAL ISOLATION WITH WEATHER = 2578.4 kWhr/m* DELSOL PERFORMANCE DATA

Fiuid Water Moifen Salt Liguid Sodium
Rec. Tvpe Ext. Cyl. - Screened Tube Partial Cavity External Cylinder
Fid. Type Surround North Surround
Cap. Factor 264 397 482 299 396 Sta 525 250 .380 59
No. of Coll. ! I ] I 2 I 2 ! ] I

Fids
Annual Avg.

Perf. Foctors
Cos. 768 .768 768 848 842 847 848 752 752 J753
Refl, .200 900 200 .200 900 900 900 900 .900 900
Blk & Shad. 964 965 965 .960 959 960 .960 965 965 .966
Atten, 948 933 930 924 936 906 924 948 937 926
intercept 994 995 9935 989 989 989 982 987 .988 989
Recab 972 972 972 .980 .980 .980 .980 950 950 250
Rec. Rad/Conv. 9.5 218 21é 949 250 950 949 921 921 920
Piping 292 992 992 992 .980 592 279 992 992 992
Subtotal S84 547 545 618 619 606 £10 .530 525 .520
Turb. Cye. 377 347 .333% 427 427 427 M27 427 427 427

* 928 932 920 894 .898. .897 896 894 900 908

Overali 9% 77 167 236 237 232 233 202 202 201
Gross Therm

to Stor (GWshr) 663 1075 1377 687 916 1175 1361 573 865 1346
Gross Eiec.

(GWhr) 249 374 459 293 391 502 581 255 369 575
Net Elec.

(GWhrt) 232 348 422 262 351 450 521 219 333 521

*Average of .377 throttle cycie eff and .268 admission cycie efficiency weighted by fraction of energy to throttle
and to admission

Discussion of the individua! rankings is organized by both system and evaluation
parameters. Of necessity, there is some duplication. However, in this way, a more
comprehensive overview of the important issues is presented both with respect to
any individual system and with respect to any single evaluation parameter,

a. Summary of Evaluations by System

Collector Field - Collector field rankings were generally zero because there
are no qualitative differences that are dependent on system alternatives.
The only nonzero rankings are in operating and maintenance costs and
reflect the relative numbers of heliostats required for the different receiver
fivids normalized fo net annual output.

Towgr - There are no fundamental differences in tower characteristics
relating to system alternatives. Therefore, all tower entries are zero.
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TABLE NLF.3

< g 8 ame e

TRADE STUDY COMPARISON DATA - CAPITAL COST ($M - 1981)

Walter/Steam
Receiver Fiuid {Zero Storaqe) Molten Sali Liquid Sodivm
Capaciiy facior 0.264 0.397 3.h82 0.299 0.396 0.514 0,594 0.250 $.380 0.594

Code of accis.
1.0 Solar stm. sup. 107.4 192.6 250.6 §19.5 160.8 190.5 233.1 j28.6 §87.6- 298.1

20  Turb. gen. 8.0 8.9 8.9 9.1 9.1 9.1 9.l 9. 9.1 9.1
3.0 Process mech.
equipment 9.1 10.3 10.3 9.5 9.5 9.5 9.5 9.5 9.5 2.5
4.0 Elecirical 6.1 6.1 6.1 6.2 6.2 6.2 6.2 6.2 6.2 6.2
50 Civil &
structural h.2 0.2 6.2 4.2 4.2 4.2 4.2 0.2 0.2 4.2
6.0 Process pip-
= & intsr. 9.3 9.8 9.8 8.7 8.7 8.7 8.7 86 8.6 8.6
~ 7.0  Yardwork
& & Misc. : 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06 0.6
8.0 Swilchyard 9.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
70.0  Distr. constr.
costs 9.6 12.7 14,6 10.1 1.6 12.5 13.9 0.0 2.4 16.1
80.0 CEng'r. & '
home ofc. 10.2 4.5 17.3 i3.2 16.2 17.3 20.3 180 L7 25.1
Subtotal 164.6  259.7 3224 EIN 230.9 258.6 3056  191.2 2559 3715
BOP contingency* 85 89 8.9 8.8 8.8 8.8 8.8 88 88 8.9
Total 1731 2686 3313 189.9  239.7 2614 3an 2000 2647 386.3
Amn. Enereqgy
(MWhr) 232 348 122 262 351 450 522 219 kX% ) 520
Cap. cost/net
ann
(5/MW hr) 7 772 185 725 683 594 60k 913 796 "3

#Solar plant conlingency is distributed amnong individual itemns
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Net Annual Electricity to Busbar (GWhe)

Figure HLF.2. Cost/Net Annual Electricity Vs Net Annual Electricity
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circuiation. Foreced circulation used for cost/performance comparison.

(2)
(3)
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Does not include auxiliary electricity; this is inciuded in estimote of net annual output.

Assumes successful completion of molten sait steam generator SRE Phase Il under government funds.

Top numbars for once-through (Barstow receiver); bottom numbers for either forced circuiation or natural



Receivers - The parameters with significant differences for receivers are

fechnologvy readiness and technieal risk, nonrecurring costs, reliability,
maintainability, availability, and safety hazard,

Molten salt and liquid sodium receivers are judged equivalent in fechnology
readiness and technical risk based on their combarable level of
demonstration in CRTF panel testing ond DOE/Sondia receiver SRC
progress. The once-through water/steam receiver is judged superior in
technology readiness because of its Solar | demonstration.

The other water/steam receivers are inferior based on lack of any
demonstration. Complications of multiple phase-of-stote heat input
distribution requirements and direct coupling of variable steam flow to
turbine throttie lead to the conclusion that all water/steam receivers have c
higher technical risk than salt and sodium receivers.

Based on the degree of design and testing of receiver panel hardware to
date, the molten salt and sodium receivers were ranked as the norm in
requirements for further devejopment and thus nonrecurring cost. The
Solar | receiver is judged superior (that is, less nonrecurring costs) and the
o‘rher) water/steam receivers are judged inferior (that is, more nonrecurring
costs),

Due to stringent water-quality requirements and orificing, the Solar | once-
through receiver was judged much more likely to have maintainability and
availability problems than the other receivers. To a degree, panel removal
and replacement capability for the Solar | receiver will offset this
disadvantage, especially relative to quad-cavity receiver configurations.

The fire hazard associated with sodium in contact with water leads to a
rating below the norm set by water/steam and molten salt. Extensive
experience in process industries and solar central receiver system component
testing has verified the benign nature of moiten salt.

Direct coupling of steam flow from the receiver to the turbine leads to all
water/steam receivers being judged as significantly less desirable from the
standpoint of operability. However, this disadvantage for water/steam
receivers is offset by freeze protection requirements for molten salt ond
sodium and the added requirements for safe handling of sodium. Overall, no
relative advantage or disadvantage was perceived. The Solar | once-through
receiver has a substantial schedule advantage over all receivers because of
the extensive design, fabrication, and testing already completed.

No relative advantage or disadvantage is seen for any receiver with respect
to generic adaptability.

Transport and Storage ~ All candidates were judged equal for all parameters,
excepi as follows. With respect to technology readiness and technical risk,
the Solar | advantage for water/steam was offset by the limited experience
with dual-medic thermocline, so water/steam was judged approximately
equal 1o molten salt two-tank storage. The sodium air-rock storage is judged
lower in readiness and risk for lack of demonstration and uncertainty in
performance, respectively.
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However, the construction status of Solar | and the extensive utility
operating experience at temperatures, pressures, anc flow rates of interest,
give the water/steam transport and storage systems an advantage with
respect 1o nonrecurring costs. Additionally, this operating experience and
the lack of freezing or other handling problems give the water/steam
fransport and storage systems an advantage .with respect to operability.
Because of the fire hazard, liquid sodium was judged to have a relative
disadvantage as a safety hazard.

Steam Generators and Thermal Storage Heat Exchangers - All candidates

were judged equal for all paramefers except as follows.. Solar | and the
breeder reactor program deveiopments give water/ steam aond sodium a
reiative advantage in nonrecurring costs compared to molten salt. However,
the work planned in the DOE/Sandia Steam Generator SRE program was
considered in setting the molten salt steam generator as @ norm to avoid an
interpretation that would fail to account for this significant development.

The fire hazard associated with the sodium-water reaction gives liquid
sodium a substantial disadvantage as a safety hazard. '

With respect to operability, direct coupling of the storage charging heat
exchanger with the receiver gives water/steam systems a definite
disadvantage in operability.

Electric Power Generating System {EPGS) - The only substantial difference

in EPGS characteristics reiates fo the potential problems associated with
coupling receiver steam output directly to the turbine throttle. Therefore,
water/steam- EPGS is considered to have a relative disadvantage with
respect fo technical risk and operability. There are no other relative
advantages among any of the receiver fluids.

Piant Control - Control compiexity associated with multiple phase-of-state

Tlow in the receiver and direct flow of receiver steam to the turbine throttie
and to the thermal storage charging heat exchanger gives piant conirol for
water/steam a clear disadvantage with respect to technical risk and
operability. Fer all other parameters, there were no clear-cut relative
advontages.

Summary of Evaluations by Evalugtion Parameters

Technology Readiness - The extensive Solar | progress for a water/steam
system with a once-through receiver gives it a relative advantage compared
to other water/steam candidates, as well as molten salt and liquid sodium
receivers, .

Technical Risk - Higher technical risk for water/steam is associated with
receivers, EPGS, and plant control and relates to direct steam flow from the
receiver to the turbine throftle.

Nonrecurring Costs - Solar | once-through receiver water/steam transport
and storage (including heat exchangers) and sodium steam generators are
considered fo have relative advantages in nonrecurring costs. These
advantages relate directly to the work aiready accomplished on the Solar |
program and the breeder reactor program.
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Operating and Maintenance Costs - Excluding auxiliary electrical costs
Which are considered in plant net annual output, the only clear-cut reiative
differences in these costs is for the collector field. The smaller north-fieid
molten salt collector system has o relative advantage on a per unit power
basis.

Reliability, Maintainability, Awailability - Stringent water gquality
requiremenis and receiver panel oriticing give the Solar | receiver a
disadvantiage with respect to reliability, maintainability, and availability.

Safety Hazards - Only liquid sodium containing elements (that is, receiver,
fransport and storage, and steam generator) were considered to have a
relative disadvantage due to the sodium fire and water/steam reaction
hazards.

Operability - Water/steam transport and storage is judged superior with
respect fo operability because of the minimal requirements for freeze
protection or special handling of media as required for sodium. However,
this relative advantage is more than offset by the control complexity due to
‘the direct flow of steam from ‘the receiver to the charging heat exchangers
and turbine.

Schedule - A water/steam system with a Solar | once~through type receiver
has @ significant schedule advantage. Lack of any receiver testing fo date
gives the other water/steam approaches a relative disadvantage with respect
to schedule.

The two key schedule drivers are receiver development and heliostat
commercial production. Heliostat production developments are clearly
independent of systern candidates.

Generic Adaptability - No relotive advantages are perceived for any
candidates.

Recommended Baseline Configuration

Based on the cost performance advantage of the molten salt receiver
(particularly at high capacity factor) and the lack of substantial overall
relative differences in the qualitative evaluation, the molfen salt system has
been selected as the baseline configuration.

On reflection of discussions in the preceding sections, it can be summarized
that a molten nitrate salt system was chosen for Solar 100 because of a
number of unique advantages. Among these are:

o Low media cost allows efficient thermal energy storage to be used
to maximize the plant's cost effectiveness.

o Salt stability at high temperature allows operation of a reheat steam
turbine. '

o A conventional utility turbine and turbine control caon be used

because solar transients are decoupled from steamn generation.
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Low pressure and good heat transfer characteristics of molten salt
permit an economic, efficient and easily confrolied receiver aesign.

These same heat transfer characteristics permit a very compact,
low cost and easily controlled steam generator system.

High energy density (B_'ru/ff3) of the molten salt helps keep the
storage concept and tank size within the state-of-the-art.
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V. DESCRIPTION OF SELECTED PLANT

The molten salt system which was functionally described in Section 111-C was chosen as
the system with the lowest bus bar energy cost. The purpose of this section is 1o
physically describe (vie P&ID's, heat balonce and general arrangement drawings) the
selected molten salt system and to functionally describe the plant's operating
characteristics. In addition, those systems which are solar reiated (ond therefore
innately unique) have a comprehensive system description; those systems which are more
conventional designs (e.g. tower design, cooling water, service air, etc.) are only briefly
described.

V-A. PHYSICAL DESCRIPTION

The plant con best be described by reviewing the Flow Diagrams which were generated
for each system ond also the physical drawings (e.g. site arrangements, elevations,
etc.). In addition, a heat balace ond one line diogram were also developed. The
drowings included in this report are:

Figure

Number Title

IV.A, | Plot Plan

IV.A.2 Basic Flow Diogram

IV.A3 Thermal Transport and Storage System

IV.AL Steam Generator and Steam Cycle

IV.ALS Receiver System

IV.A6 Service and Demineralized Water System

IV.A.7 Cooling Water System

IV.A.8 Circulating Water System

IV.A.9 Compressed Air System

IV.A. 10 - Chemical Feed System

VAL Heat Balance

IV.A.12 One Line Drawing

VAL I3 Power Block - General Arrangement

IV.A. 14 Genera! Arrangement (Sections)

IV.A. 15 Molten Salt Piping

IV.A. L6 Receiver Support Towers Interior
Arrangement and Details

IV.A.17 Pump Pit

IV.A.18 [050°F Molten Salt Tank (Hot Tank)

IV.A. 19 550°F Molten Sait Tank (Warm Tank)

These drawings were generated not only to provide plant description to the reader, but
also to more accurately define design for cost estimating purposes.

IV-B. OPERATIONAL DESCRIPTION

The Solar 100 plant is designed to be operated by a single control operator from the
Control Room. All startup, shutdown, normal and. emergency operations are automated.
The octual operating crew will include additional personnei, as indicated in
Section VIILB. ~ '

V-1




Ll . = - Al . o

COLLECTOR |
arsrm(sowa-l

7

L2 CENT OF T '
THEN . pl .
o C. e 0 SPEED f BIRELI/ON . .
- L v .
. ! . gt )
! 1, o ®~ ¢ CXG'L . 'J:_ R *
N K

o 250 0

ScaiEt/'s 400’

/1000

\‘{\f\\

“\ "\\.\

/500 FEET

No7s: ALt DIMENIIONS ARE APPROXMATE,

H 135060 Folk REVEws

wo. unl

BECHTEL

ndmmm PRO. XY
SOLAR 11 ~ CONCEPTUAL DEY:10M

PLOT PLAN

: | Figure IV.AL1. sl TN o TS
V-3 2-“-§¢ rescor | 97188 S(-C-l- ,‘é-}—
=== T 7 I s l * 3 1 2 '




¢

1=

CENTRAL CENTRAL €
RECEIVER RECE IVER = )
SYSTEM- ] “SYSTEM o : ' J{
NORTH - = SOUTH_ - |
o

MELTEN SALT

3
3

i duwing and A dasigs K covems am e gaperty of CHTR. Thoy we By buwt sl o o Wnveers sapress sgrement thet they ol ast b mpredued, capled. loaned -hln:-—o—uhmlnd-n-i-..——lun-v—-—unuu_.h—‘
, - 1 3 .
MOLTION BALT DOWNCOMER

- u
ety | S .
-U! -
- ]
i 1
X .24 &l ’
seo.chooo.n — [ /\\ \ ] LEGEND
[__7n.m.¢o . 1880°7 1288 ¢ um:zunw .
WAR EATER/STEAM
: :><)J sTomace sTomsc X 5 Hth ﬁ‘ﬁéﬂﬁ"&
— " o ‘ SALY SYSTEM -= -
2 {: A I |
- RSO0 O w00 N LT
F>e—-—-—i 1 »>¢ -'b;.—--l;-v‘l—--- »e 11 3 ——pg—] .
— F i ﬁ W ) REVISD SALT ALOW [y
Dzt bt DI———e—it >t pa A s s ree w CEBG
ke - R . ol X ' BECHTEL )
~ P ot A [R O PP, S N D Do W NN _N_J SOUNENN CAL IPURREA
e e T T ren, roper 0.0 / o T10MN SOLAR THORMMAL PORER PLANT | g
i rom raes , oo T - e e SASIC FLOW DA
- ; THERMAL STORAGE SYSTEM © T weecmarin STATIE o reesent pooe Figure IV.A 2 00— —a [e=]  veemem  1ov
‘ ’ S vARIES Wi T L v4 [mm S¥-M-1] ¢
e I — I s | ] ' + [ | ] i ] 3 = T




i va't
Al Dea

H Niawics TR S 3 e v
1. HEAT TRACE ALL SALT LINES.
2. HEAT TRACE WAFM AND MOT SALY

TANKS QN ROOF, AND SIDEWALLS.
ALSO HEAT TRACE SOlL BENEATH
SALT TANX BOTTOMS,

SALT STYCRAGE RIN®

.
/\E\c QA8 RETURN TO TANX

ST-8 ‘1ST-8] ST-
WARM : wot wARM ot
mr i saLY ALY saLt - roa . .
: . /7
= ﬁL_Q_N— Bl : 1 120 t 12 };_u:-
PN G TaNK 0 sT-3 P
ol Leves MAYEUP FAN 4°-9CH 10-C8 o o N
ASF -1 FILTERS ]
2
E g | Py i [z
& it e 12+ scH so-31888 l ! ; T
. N . e ASF-2
- 4 SALY MAXKE-UP ER.OWERS
BOWNCOMER \ "
THROTTLE
vaLVES £ E
.. 12+ wcu so-3ress | | T MAKE-UP SALT CHAIGING SYSTEM *5F73
T | Led o
L~ [y
e cqm o
i i STORACE TAMK
Lev Lev ‘({_ e +
COVER GAS 10 PUMP SEAL CAVITIE® CovER 0AS 1% scH 10-c8 (-COVER GAS ‘0 PUMP SEAL CAVITIEY
1l I o aou fo-souse _
g 2 //Q\LL (LY r_mgymr-if" —j//\
-
[
§ —18¢ SCH 40-31888
yo : O § ([j WARM SALT TANK 8 HOT SALT TANK
- - - L -
e F_L — }j 580°F B 1050°F % i 12° $CN ag-3t08s
2°8cu 60-Cs 12°8¢H 00-C8 b
o o sT-2 t ST-1 ; !
L ©
Fev ‘EI rev
oRAIN 24s $CN 40-01888

PUMP MINI-FLOW

? p-62
4 A 4 A
} [ £ rcy

P-80| P-63
"‘-hh A i A
SW-1 )
rov r
' R A FROM AUXIL TARY STEAM GENERATOR

coveR
QAR TO 2% SCH 00-J1889 )
DRAIN i

PUMP MINL-FLOW

Em——__ L] B 24° SCH 40-31868— | —
e I

4° Siw 10-CS

RECIRCULATING
HEATER SYSTEM

§* SCH 80-31838 : . e
AUXILTARY
FoSSIL —_—

NEATER

rﬁqi

12¢ STN GO-3188S

SCH 40-CS

24° SCH 40-C3

)3

28°

This drawing ond he detign i covwrn e the preperty of SEQNTRL. Muuﬂvh—d-‘-hm’c“““ﬂwddhw—thﬁ.“-d-‘-humd“-wh-*-—ﬂ-hﬂuiﬁ—n

BOILER FUEL OIL TANKS SALT PUMPS
8° scH go-Jiess L I -
NORTH SOUTH ; - MO
RECEIVER RECE1VER I
PUMPS PUMPS COVER GAS , —
8 Sck 89-C8 r ! ' MINE-FLOW [ Fom
! 1 1 1 [ . 8% $IH 60-CB rnmv-w S%0°F BLENDING SALT . 9Cam
1y ' OEMERATOR
| | - ! ———
: 8° SCN 40-J1898 ] wARM SALT
3 7
l ? § ? ; § i LI
8] wonru ? worrn |8 SOUTH soUTH 1% é *
RECEIVER HORTH RECEIVER |3 IRECEIVER soumm 1§ rece1ven( RECEIVER ¥ 1
ﬁ WA MINI-  RECEIVER é wot waRy nrceiven], e | pedeh STEAM g —_— é it
© o':::n t:‘:l'll s |3 rain 1o g el !:c.:mw e " B 5 SrEad ﬁ vl GENERATOR | i
.. oRaIwe | @ oRAtN oRALN oRAING I oRATN | b -] oENERATOR m::fou » peniball PO “'lL':ll'; n:nznn:.n
L] £y i SUPP,
l v ¢ RLTIRN o DRAINS DRAINS DRAIN DRAIN
| i DRAIN
. g povao ren REPORT
o 0 ® 1 _k=
N.Co w0 [sare | 415‘21
l &  BECHIEL
LOS ANGELES
SOUTHERN CALIFORMIA EDISON COMPANY
110 AN SOLAR THEZGMAL. PRJECT
b 8° _ScH _60-31858 | SOLAR 13 - CONCADPTUML. -
_ 8¢ ScH. 80-3188S AM)T ORAGE
REAIN_Siae . - . - ST SYSTEM
. I
l SALT DRAIN SYSTEM T l Figure IV.A3. - FLOW DIAGRAM
ST-4 [V 5 208 %0 ot BRANWS NO. ey
- NONE 47188-001 SK-M-2 |8
- =11
- ——2 7 ] 7 l 8 I 5 4 4 3 l 2 1 e T A
iR o




SK-M-3

FLOW DIAGRAM

BECHTEL

. 110 ME SOLAN TreRewa. PRO-NCT

SOLAR 11 = CONCeriUAL DEwlGN

STEAM GENERATOR AND STEAM CYCLE | A

Jeguao A Rengr |o°

A
4

SOUTHERN CAL JFORMIA ENI1S0R COMPANY

NONE | 87186-001

LEGEND
#ALY $YSTIM

|
7

———

e 5 a3 Y

{ Figure IV.A4.
V-6

-
|

STEAM CYCLE

ORAIN
vMLvYE
HY

E
-
, , u e
:
| : NF i |
] E L3 i
| T
- =
— Tl | ¢
— i & i e
| | ; |
1 : L N
I —— e — : ;
4 ' s -
_ h X
H 7
—7 | .
|

| m
| i
! 2

R e e ——

S
L

=
—
—L - —

|
. m ‘
|||.l||4.3 r.l\u \\\“;
e : T _ g |

| 4
—y S Ot S S Ay Voo e Supn Aue Ay PO Gon syl U daa puyiny Sg W e P 45 PREYS PO PO Pupestes 6y KU A Any I Rmesade S maesny Y B9 POV o Aneom o dowl TWON P Avesnst o 6m Banto § Ehmp o bur Supasp oL
S~

Cs

Ll

iff
m#

c:._--_--__--__--___--__--_._--_--__--
AT SALT TAMSK
SR G
8

I I . T I T T . T 1




70 YALVES

\
v

5 HOT SALT

RESEVOIR
oo o CH

VENT LINK
Y o N h .

4
2
|
|
3
i
|
i
|
i
{
1
I
]
:
i O O 9 B
! .. [ofe]d ool | |olo=mlo | | emmmplel | RI0[9] RIe[0
1 rine, o = S Pe o} o] o pe o} oH re e [e I f_ ” I
§ h
| E
1 L1 2] |3 La| lLs] |Le L7| (L8 Ls| Lo R10| | R9 R8| |R7 R6| |R5 | |R4 R3| {R2{ |R!
. .
| : |
i - i i =
I | T;J,;J? ' 1 | '
1 | | L -
| e e ey |
i I?Essnvom % - ::..iu,. i
l “ ~ i . @ i i ‘i _‘e:v -1 bi i DRAIN VALVES -'i
‘ PRRA I | ! ‘
hl a-“ ’ ! \r/ ‘ %ﬂl‘ln ‘ S )
g T HOT .
g ' T % —
1 i
1 ! m: ."
g | ‘ : & '": 120 08D »:':::cr i &“:W—
.“ L] ]
‘ ' &  Bech
! e o B Tt
I I rect Tven . SOLAR 1] - CONCEFivAL DESION
l—l oL eom < l" Fidu—f; IV“/;\ 5 RECEIVER SYSTEM A
. A e FLOW DIAGRAM
i 208 WO. -t BRATRE NG -y
l o X V-7 NonE | 97106001 SK-M-4 |8
1 e e | 1 | 8 ! 5 t 4 I 3 T 2 1 ==




( I ST e TEE e EEERE VEETETIEEETTT 14R SO ANY AID e
e
EOABULANT ALD
LT e s
Pecigs an | .. Live miv
] T o= [ e
4 3,808 OAL CAP
2 ' LIGUID COAGULANT
- MoV * STORAGE TAMK —
i T-11 1 4
1 1 s.w, suemLY . X1}
3 $4 PASTE SLAXKR o
l ‘ ! Te18 et o lPert
I X L 1000 L o , , AR A 518, Liug INSECTION PUaes 14 teatH A(R [
: e ) . Y GRIT HOPPER [ 1 3 oy
AEDOING —t —
l ':'m::“ ComTR 1°70 HOT WATER s
. I—‘ roRacE Tam D G-X—i-Oh G'X_i_o_l *
F3 C . 3°T0 COOLINg . 03' ) . ﬁ-
e o w [P u1xa0 w0 L w P uixeo weo |——
i 1o E : KB : T —
| ' A/R PLANT 0.8, 4 . .
":mnm ::W.':NI | . _M_a_ . .
AREA " .
1 17 PLANT 8.%, TO u Laind - i
I THOPS & NARKHOUST N * F
l © : A : %
- v -
o n ! . 3 DEMINERALIZED WATER : 0 * {
P ) T ] i ‘ o | U— 10 TZATION \ /. < 4
_f,-".{b l 'ho-l-ooto--loo.(.--go-..l'ooolo--lo--lo""nto--xuos‘fpcoog- oooxo-.g.oo;o.l. ooo;ﬂowﬁooo?ﬁ%’%o.olo:.[...[-oo‘yooolotc[ooolo--t l_
! R | $2Em UNTTY
l — (CONT, sEROW
1 COAULANT 1° COAGULANT 1% COAQULANT
COAGULANT ATD ) 1/2° COAGULANT AID 172
] LinZ_SLURRY 3/4% LIME SLURRY 23 ; E |
l ’r,«q—,;mug,—&?i e gr 3 aorzAToR x
-y’
= — RPNy I i E
l T-ta Gw ﬂt.e") soard _—!._.q
-> LA e FiLTen e
H e 2 ros r n Y o
1 et roTARLE maTER  rmer . &
) oo ) )4 a -
' =T 3¢
) | & o . tNIC) . [ ]
I l 2+ 1p Kvar. rowo L 1
S . BACKFLOW P=1%
L I ] oo | ZERVICE PREVENTER
' 1/3° SPURIC AclD 2
. )
—— e, TRais, Pasy
‘ . ‘v,:-ﬂ._-’ (100X CAP,)
‘ ; (] L] .. 2 . .J B
L auton |, Luow | * o, g = . x 5
] A ! g 9 DY ¢
i EEE | AR , :
k . . 8 wATER
i ™) . 0 o cation . ac1D INUECTION FvsTEM
N ! R ) 1098, $7190-W-W-T1
! o . sromace 4 i < PUMPS {100R CAP) }
l | L == [ | = W% -
I S | | £ o
5 llz’-oovz--.:..-_g,-{-o[.o.‘;o._, = I__\/ - Y ! 3800 GAL Cap
. ) h 1700 ACTY l LIGUID DISPERSANT
I__I i ! 13 1/2¢ .
32 TOwEN_ s owoomN
. [ 70 EVAP, POND
1 tconT. apaves DTMINERAL 1ZER UNIT ! A :
L $ ot 1 i 3
D1SPERSANT
- P13
L i 1s1uco rett REWE | oo - |
‘ " [mare T =
1 .
l i 0 lEEH TEL
T, vu'fTNIa SITE. oUW
! 110 M SELAR TMBUs. PROJECT
" Fignre 1A, g Ao | A
igure IV.A.6. A LR
lv.8 SR T ARATWS BB L. ]
7186-001 3K-m-5 A
=3

‘l ek S T 7 ‘ [ . ] 5 ] ‘ | 3 1 | 1 ~ t =T




1 R

I {
- e

.

This drawing mad the dusign i covers a0 the pruperty of SICNTR, n-v--—hl-—l—l-*-b-—-'-——---—-ulhv-l—h-—d-—.—uu-ﬂu-uwnhwmuﬁ—-—.—nﬂh-—u—”uhh—hunb‘

3

\
v

COOL !NG WATER
TANK.

’
T-18

Dy
H
5P OIL
COOLERS
T
g L
|

Con e

AtR DRYERS

AIR COMPRESSORS

e

3°FROM 8.0, SYSTEM
>

VACUM PUMP
SEAL RINOG COOLING

1 tr7a*

1* FROM COND., PUMP DIfCH. <
QH.EMML 3
EEEDER
X
ml!-ﬂ WATER
X
X
.

P-28

COOL ING WATER PUMPS

P-27

BSEOD Far Reverw  kAY

no |sars

9% jewe] gma

B E.E.'E.E L

TR CALTFORNIA ED1<ON COMPANY
- pensecy

110 W SOLAR T e g
SOLAR Il -~ CON» - L O. N

COOLING WATER SYSTEM

| Figure 1v.A.7. FLOW Jl e
| Iv-9 wox Trmwol | SK-M-6 A
- aink | 7 ] 8 [ 4 | [] 2 ¢ ==




\
)

——_——

I r..,.
'I HE-4 3
L_ DRALNS
HE-5 3
* TURBINE LUBE OIL,
T COOLERS
EXCHANGERS 8¢
o
- . X |
{D_ o . 8 caxn | B e |8 Lo "% Tu]
7 s ‘_x .
. o : g
HE-1 ]
R
I I . P-36 P-37
:.L‘ MOV, o’ \ Y.
\“?‘g e ? DRAIN O— -;-_D
e ’

COOL ING TOWER K. ..
L__L 2 l} vent
‘ I‘.J.% ‘ ‘ cT-1% N_l
[ t

HE-2

[]
. B

MAIN CONDENSERS

@fkf* NweD B KEvaw $Ay j_
stscu g g s Pl e

This dawing and the decign It coves ae the pperty of SECHTH, They e morsly looned snd on the bawewer's cuprens agresmant that Moy wil not be moreduesd. cvpied, leared, emhibiiod v wed evmut i W Buifed woy mud pvete we pewited by awy Sriten assent giesa by M lunder % the bessew
P~

SOUTMIE. AL FURNIA EDISOR SPANY
1 0% SLAR THERMAL PROJEC™
SLak 1l - CONCEPTUAL DESICE.

I CIRCULATIMG WATER SYSTEM
| Figureiv.A8, FLOW DIAGRAN

IV-10 WONE n::-‘m“ S.;(—-::7 :
S ik ] 1 ! .8 | s ¢ 4 | -3 | 1 1 =




/ G- 2 . % T _AIR ?
S
}{ | —
L____N_?L.L..‘ , AR ——pt 2
AD-1 N
BECEIVER RECEIVER RECEIVER ¢
T-24 T-25 T-26 & I |
wt [
D¢ — D¢ <}
N * o 9 F
N uT Tt wT el 27 i ALR Ded- 2
< . L | DRYER L
' D : L & AD=2
e
.fi‘“
wr wr
L—U—' AF =2 [
wr

AFTERCODLER H I 4 <t 1 AP «® i 1 g >d 1 AFTEREOLER ]

o 1 Co=_1 1 =1
|
|

wr l |'" l * l wt '
rUJf lrU—Jf l'—U—Jf -
I | | | l
-

This deawing and the design i covers are the seaperty of SICHTEL They we mesly loaned snd o e hemuwer's enprass agwomsnt thet thoy will not be repodvand, copiod. oanvd, cuhibited. or wod anmpt i the Mmited woy wd'privats we Samited by avy wriien wmsent grun by the londe 19 the dowouwer.

v , _ 7 . e | 97108-001 SK-M-8 |4
— T T 1 ; | ; * ~ | . a =

FULBATION n.p, Le. .. ':"‘"""" wer. j e | " ':“‘"“" H.e. j Le. o
/ ¢
AIR COMPRESSOR R F ER . AIR COMPRESSOR R _FILTER AIR COMPRESSOR AIR FILTER|
I c-1 SILENCER c-2 LENCER c-3 SILENCER
[ §
‘_.l A
= . 143VED FaR KT VEwW ¢$97]
- wo.joary = ""f'.__
L' BECHTEL
i 108 ANSELES
SOUTHIAN CAL IFORNIA EBION FSNPANT
110 MY SOLAR T SWMG. “WOJEST
SOLAR 11 - CONCIPFYUML JUBI1.
COMPRESSED AIR SYSTEM A
[ Figure IV.A.9. L‘- FLON DIAGRAM
IV-1 1 oAl e wn ey onamne ne L




1 S o o - - a A - S I S - - S

Vo 1s20 PR, CONO, PP
OISCHAROEL MO,

DISSOLVING FUNNEL : DRUM
HYDRAZINE DISPENSING AMMONIA DISPENSING PUMPS

PUMP——;7 PUMP':Z - {

FLUSHING AINQ
‘:V\R' o P-34 . oa P-38 ~t .
. ' .

4
i i
1/2°
i bt 1 1 1 1
l 1 1 ! ' .
5 SODIUM
] PHOSPHATE )
‘ . T-22
! !
2 5 \ t/°
N
‘ - ) ’*.fi‘x STRAINER 7
: ——M———'”. U u
II i zi///// § 41///// :
1 HYDRAZINE DRUM AMMONIA DRUM
1 1| 7 X ,
4 % 2
K] s METERING METERING g
I ] CYL INDER CYL INDER ¢
1
N # 123
' 1 T™-2 ) ¥
] Dot P 1 E
. ‘ FLOATING LID7 FLOATING LXB-7
| \
Hig N M
\
1 . L —{ N\ . et
l 1 Sopium HYDRAZ INE AMMONT A
i PHOSPHATE (300 GAL.) SOLUTION N
\ ‘ (]
~ l » (300 G‘AL ) ‘ T-20 ro (300 GAL.) . .
. T-21% ]
l T-19 §
—I ] - = -
4
¥
\ 1
-I - 9] ¢
o
. -- ’-
- J ‘ .
5 b4 I ¥ I |
. -
4
5 Al B
_I l -33 -3t
-
l 1,80 - ——— ' larsao o teview | o |
: 'l;;t;;'f_—. 174 s *ll" '* e o foate A f =3 -E'-
| . BECHTEL
! 374 MYORAZINE O : L
- - SOUTHERN CALIFOMNIS KDISON COMPANY
E 0 COND. PUMP DISCHARGE . noufau “P::ll’t:
sar re saturion p— " CHEMICAL .FEED SYSTEM |A
Te ’“(‘i?gﬂg f’;:‘;‘r‘"m - TO coND. mlbl;w‘EA 10 E‘ FLO' DIAM p—
igure 1V.A.10. == = T
= V12 NOE | 9T196-00 SK-M-9 LA_.
- ————a—3— l 1 l s ! 5 \’ 1 3 - X
(] . 2 1




LOAD 1007%

GEN. OUTPUT | 170,000 AW |
 COMD, PRESS. | 250" HEa,

STM.GEN. MU-BD| O.5%
442 P 1000 I (522,24 ©5274!/ G : : GROSS MNEAT RATE| 8066 BTUIWH
ﬁ : NET HEAT FATE | 9320 BTU/MWH

‘ THEAMAL EFF. | 42.37 %

800 PS , :

/ P /76‘ - éolgoe I 14804 M * STEAM RATE &.742 _LB/KWH
282 6 |

. AUX, FOWER ®% | /4,600 KW

. 9 g 594292 G
; 9 -
] ~ 8
. g ; ~ 27’4 s
L “ ~ § 3 GENERATOR
N ;
N 9
i 3 151 4H |
4759294 G* I 1548.0H —_— /1805, 9M | |
7050 T 198850
sTeAM of ol v| #2 rursINE LA TURBINE LB TURBINE
GENERATOR ~ xlo o] v| © -
38 § o of ¢
475929¢ G* 2] s & dgle 8| © § [044.2 H
5507 ' N MR 527012 G
. > —> B T RN { CONMDENSER
. /058
« i ® © ® | — - Qs
g t§ : ° g L :
- ] xfe x|v <
AV} N (24 ~ ~ © .
o ¥ g S IR 3 8IS N
b L] Sl ¥ olN NN IR
= ~jo n ~ m‘w‘ ~
® QN ol %
NI
¥ R
CONDENSATE
ol e PUMP
0] ~
/400.4 K, SJAE COMNDENSER
Xle x| : ° : v x| x|o 750 G )
AV) 0 N ) Ly}
O . ™~
- BLOW DOWN 9 s(R 5 dlg 1 N ND_STEAM
L LN N 9 & b B Q 9 /255, H_ GLAND STEAM
HEAT EXCHANGER g 'y ¥ N § ® 42695/ G R g ] . IS 7527 & CONDENSER
Csey 0y00T 0007 1 70 §5.0T 0y 50T 70y 507
~ 467P 2/14pP /29. 62.8P 24 705
4600 1 / 9% F 5p 85 P

: 12876 T ,1/ 85237 9.6 T JL 2445 1 /|/ 773 7T _1170T ,]/ 11%3.9:T \
442.4 H 36432 H |- 2225H } lagsc97| 2600 H 2126 H 1457 H Y 145,04 8.9 H

. 10607 20157 29517 249.37] /20T
® . MOLTEN SALT i pc10.17] oo

3 M_"” OC 10.4T) DCI0.1T] 156.04
¥ AUX POWER AT FULL LOAD Pp=2246 P .
Pt PS/IA g Y3976 T, 1&362.4 T/ AH=9.00 H Y2544 7 V/eze 7.~ HEATER DRAIN

cTa ) La;/”i ) 3728 H 8349 H 742902 _G 2z8.(H 155.9H PP
H: grz'/u /5TPT HEATER 22 PT HEATER DEAERATOR 7P HEATER ETPY HEATER
(37PPT HEATER)

742,262(/400.4 - 442.4) + 652,74/ (/522.2 — | $43,6) +37/1.5(700.1~-&62.5)
/10,000 AW '

CTRT HEATER

A

GHAR = » 8066 BTUY/KWH

887,2/G.,62/

110,000 - 14,800 ** —= 9320 BTU/KWH

NHAR =

BOWLER FEED
LPUMP

Locstion SOLAR TWO GENERATING STATION

STEAM TURBINE

HEAT BALANCE
Jz 1e552]/00% LOAD, 11OMW GROSS OUTPUT

i + 0 o
Il I B Bl O R B T EE D R B R D BN B O B e
}—
B
e ne—
1]
A

l !! i
Reference Drowings No. Revisions Date Approved 0X. OX. | Ck'd.| Made] J.O.No. g Date | Apwrored | OX. OX. | Ck'd. | Made

10, Ne. Southern California Ediecn Compeny SE

EE

—— T SK-6552M]A




! fl<c .m
18 T
i w |
wm i|#
T : |
= T fiz B4 3 il
te g’ =l
st w_..c. [y 8-y H M X Hm = a m
-+ ® o 47 s kg Hi2sBss ¥
£ of ” (-] lm. 7 £l 8
3.9 W1 SEWR M Wn m m' s m
O ek ® P S i | mmm
A i 0 _
. o ST Bl ] _§
x - @ v swa a2 P
: <
“. hn.:. au..hl:rnuwﬂuw A” < o~
m & @ AT AR W_ 3
‘2 W
B
& ND— s H
m L
T duv-v W1
B & H— oves -
T i 5.0 N1 3BYD
IAAI\:...VVIhB. — 2 0008 SuIM ONIdId
§ H
£ n H € o% 9 A) - .
M VMm m g um.. m mm m < )— - - NN 000 “MIN H.ADBE °S —
8 saval .IGLA¢\JWV.1 mum g ¢ gr ¢
L] WN un.Icut.a.H /n.w... < b
W of "o ous et mwmww m «
: H

m ] . - - o - ‘BN M, N
A.).LA.).VY v 3 s00n € o

X OOZI “MOd LVAB.H °E

:
N

4~
¢

J
!
§
i
;
[

4

N
3
|

2 m. &.)IVY.I_ T e m T >— — a3 0CB1 *MOd IVLIS.M *N
By mm —
m MHD mm o} D v o acey -
of =2 - 3 ——
z iR PR 3 — :
g 3 © \WM.A.).V B ey ncv m soes e )
2 W. - AI):WYD 19 oo ACEY
E —
H a8 vev 5om souw ®
203 S — el o) (D oo oo
& sev 3om a0y e nmemen

3000A 4,16 KV 8US A

I
? :
:

I

I

il

I
3
¥

e ® oo

&N LWE °NED RS

<6

® —
—E) H e w03
O G @ T s s
I 3 ond aLvR “3uID
® > ® T .
) ] s * ov N1 S3wvD
® e |amEem o
i Debe2 NI SIWVD
\ .|A¢\IIVYM ANG D/ve 2/1-8 @ - G334 N H»v . ..van-uwﬂw —_—
PPN é S LWVE ¥.AJDY °8
I i ® o s
ieesy

)

illj"lll‘l']’n‘l'il']‘llll‘lli‘lall]i]":ll"’.]ll]]illﬁ TBUNOM (* Aot oy B Mmase 3} uisep Sy puv amup o)

Il BN AN N N B B BN B B B B B B B BE B e
1] ] T Y Y Y H 3} ] [] ] i



l { H |

' { b

!
!
!
l
|
;
3
|
1
i
1
i
!
|
]
1
1
i
1
|
I
|
1
|
!
i
§
f
i
|
i
|
:

P

1 J
- ELEV. 99°-6*
SNITCHYARD
' p—1
-

'\ ELEV, 99'-0°

|- {4~

g . / >
. g
. T 1 _ HELIOSTAT FIELD BOUNDARY A1) e s [ PETAINING maLL pEL. 1000t HELIGSTAT FIELD BOVDARY —,
211 swoee ) r— ! ) ’
T ” DOUN —— DORN ——= ELEV. 97°-0° { § \
ELEV, 99°-6° 1 17 1Y AL ‘
Im_.\r — "
a . aEv, i00°-0° aEv. s1-0" i
- R M : d
-
- 3 B
| i 1
Py sy VW I O ¥ Sy v 9
— 61, 106°-0°
/ - - .
f = T_] _,LL‘—.F“’;‘;;’" | o ST STORAGE TANK {

480V LC
we
ASA
AT _COOL ING TOWER

05

25

50 1) 100 FEET

=
Cio o (> gl
480V 1¢ I {  SALT IMLOADING, PREPARATION, |
1 MELTING & MAINTERANCE AREA |
w I . 7 :
i RN 1
AN, ! N !
200, RECEIVER TOWER, SOUTH SYSTEN i e RN
” )
7’ ~,
TORER ENTAY
H
4 A48
SHOPS &
2 WAREMOUSE
s
4
-4
§ |
| 4 !
J \
)
.?=‘Z ‘
; 5 fb-—‘ ROAOWAY ENTRY TO PLANT
- YY YY - .
11 1T 11 n NOTE REERENCE ELEVATION 100°-0°
EQUALS NATIONAL GEDOETIC
ELEVATION 3335 FT.
o2 [ - M e

/ss0eP BR Revay il b
wo. [aarts [
0 BECHTEL

LOR ANELEY

e ..L.....

SOUTHERM CALIFORNIA TDISON FOMPANTY
110 W SOLAR IS PROJECY
SOLAK 1§ - COMIFTUM OESIGN

POWER R OCK

| CUPHIC SCALE GEMERAL ARRANGEMENT
/ | Figure IV.A.13. Lr A
IV-156 Peaeceor | 97108 SK-P-11 {A
l - : -—'_—-“_—? 7y l 3 I 2 3 - =




SUPERHEATER 1 EVAPORATOR
‘

wes ST . T

:i— T STORAGE THK
i
& l i W T FRIOATION - L7

SECTION ‘
&-77

!
i
i
|
{
;
!
|
1
i
!
i
!
l
]
‘ ne.}
! > e
i
1
|
|
!
1
]
!
i
i
!
|
i
|
]

i

]

AIR ummj ! CORDENGER 1 ONDENSH i
RSN -1 e S 74 A 1 R N N WY S S O, 5 - ‘
. . H‘ﬂ-'w‘

i

B —— R LR
2 % e 100 FEET v [oare = ::,

‘ & | BECHTEL
’7 ' ° [ ]
: B ' : . SOUTHENN CILIPUIILA TOISIN COMPANY
5 “n 110 W SLAS “an. FROCT
- R4
- R GENERAL ARRANGEMENT A
| Figure IV.A.14, L SECTIONS
} . L ) | IV-16 = = ===

R 1 ! . | 8 ¥ A | 3 1 2 ——— =




iy

;

N_RECEIVER TONER
SYSTEM (NORTH)
5

be— 100"’

t'-s-‘tm’. _—

SEE oEr.@

4200

1?% HOT SALT FROM RECEIVER SYS.
16" WARM SALT TO RECEIVER SYS.

16" (WARM SALT)

SALT STG. Ko WARM SALT STG. TK.

EIVER TOWER
YSTEM (SOUTH)

-
n
m
(v

¥

This druwmg and the duagn # covars me the prewerty of SICNTRL They are maraly loned snd on the Dowuwwrs cwpvem apmammat thut they will ast be rupadusd, capitd, faned, enbvhited, & wmd cosent i e Iuiied wuy ond ptvese we peitied by any Wit wacent ghen by the luader to the Demewns.

ENLARGED DET. OF PIPEWAY

SCALE 1°=200°

0 100 200 400 FEET

GRAPHIC SCALE

150°-0°

24’-0" ). 24°-0"_, 24°-0"

b
-
wn

== 7]

Y
I
)\@U/U

S
J5°-0°

+-0:1.22'-0° zz.;n.:l 22'-0
696"
100 125

GRAPHIC SCALE

DETA/L€9

PIPE_EXPANSION LOOPS(TYP.)

SCALE 1°=220'-0"

VERTICAL RESTRAINT

2'-0° DIA
—CONC . —

Lid lER GRADE ELEV.

DETALL D DETAIL

-GUIDE RING = 15" § TYP.

11-6°

VARIES 6' TO 10* DEEF
(TYPICAL)

2'-0° DIA.
PIERS TYP,

S

(TYP)
NO SCALE THREE RAY RESTRAINT

«XX GA ALUMINUM
LAGG ING

INSULATION

HOT LINE | WARM L INE
6 THICK 4° THICK

INSULATIQON

DETAIL & DETAIL

VERTICAL AND NO SCALE
LATERAL RESTRAIINT

PIPING SPECIFICATION

H . L STEAN TH A pi STEAW
V;R "§5§1=W GENERATOR R,gscpéul V;R alt IVER GENERA rron
DES TGN PRESSURE, ES 1T 1,045 BE?‘ 4 -?
DES [GN TEMPENA TURE N .
E WATERTA] 4108, GR. ¢ L AYTZ (J16587 A2 (318987 A31Z (J1683]1
ANST BN T N
7] CH. SCH, §0
137 /] 7y 7 2}
KE) 116 sg 4 93
b4 20 1 RLS
297 187 136 _ Q8 174
44 70 13 (k] ¥E)
264 237 407 407 407
550 L111] 12050 1.050 [RGLD]

1830ED FoR REWER) - 4

DD

oarz

B E‘E'!I_'I:.E L

SUUTHERM CAL IFORNIA EDISON COMPANY

i

MOLTEN SALT PIPING

|

| Fguretvats., L
v-17 wre [snee-o01| | SK-P-13
3 T ? | v -

E_I%F




1

{

i

{

‘N-dr—in-llhdﬁ-b-—-uh-—m-lm l'b;——nﬁh—-l-l-mh-—-v‘-u—-—lﬁdhddh

—M-ﬂhﬁ“-—dﬂhhw—vd*—mw-*—d—hb&bh——

. 4

. ) B, 805'-0° “# -
I I ‘l 4 —1
1 d ’ \\\/\ ]
g N .
{ | goo . | E I
T Loty g b
RAZS ]
i =g e o | ® 5
a § %
[mm 1] A
]
. N7/ X
h .;;.;:J% oy == ==
i UB Xy
th L L
| [ ‘@t“*
a $ S~ GUIDE (T7P.)
co = "
"“’\A HH [a] ":;;'.:- /
. 11009
' /X/ VIEW B-B
===t 80
ji=s Sheis g uIDE & :nmls sgmr
o DET., TYP. IS PLACES.
il fon
i
i
LEVATOR
ke
1h
il !
ag
N
] 8 \\'\ B
s 12° HOT SALT I\
= 5 6 WARM SALT
" / 532
o iy
I
= a
i E n L—mmmmnm.;
o e”
EMEEDS FOR GUIDES (TYP)
UB |%’ \mmn
T [
it J AL
! SECTION A-A
~I5g EUBEDS FOR PLAIFORN (17P) RIGID ROD SUPPORT (TYP. IS PLACES'
‘ m# ENGED- SPRING B3R (TYP)
Hh 7 tuesn Fon RIGH} 0D SUPPORTS (1Y)
130 i
g ize s 160 PIpEl
H o | A
o ol | »
e i ;E s } 153080 FoR fEvitw AP
11 A na [oars S liwel e
1] HIES
PL,AI_V R @ BE‘EHTEL
o SER £ L. Jos'-o* ~—SGUTHEFS CAL [FORNTA_EDISON CONPAY
> g 110 Mr SOLAR THERMAL PROJECT
b} % SOLAR 1] - CONCEPTUAL DESION
g E o3 RECEIVER SUPPORT TOWERS
1 vi INTERTOR ARRANGEMENT
il Pl AND DETAILS
DEVELOPED VIEW | Figure IV.A.16. i T onawma no e
SCALE 1%720°-0° iv-18 aS uom‘ ar168 sK-P-14 | A
———T I 7 I . I : ; l : l = le




e v 1
8°-0" (1rP)
- -®
i VORI RECEIVER PUWS /UM RECEIVER PUWS
| e 7 N~ it
s arfox R\ N §
{TYPICAL)

-0
13-

o

Ei ST ourig PR

k]
| i
|
3
. i
l i
i
I i
% +: ' ! o o
H i L--__-._.__—Al ISIATION F
. ] i ¥ied
t s I ‘_J
l TR ' PLAN-PUMP P (T
l 1 iLLV HH——————
: 1 J ! mm:: SCALE 0 reer
, : T N
I3 TYPICAL DISCHARGE
-l ] s E PIPING ARRANGEMENT !
1 b
2
]
) l 3
, '
b | *mr Powrs '
| | %
. | l N
1
'
I } % - \\ swrion .
. i ' 'o‘
t = .
~ . i ' Bl laatats
I | |
; : . : B
] ] : ‘l
-l i J 7 N
‘ E 15wap Fol REvars) 450 -
2 8% INSULATION | oy P ===
1 ] ‘ @  BECHTEL
l ™ SOUTHERN CALIFORMIA EDISON COMPANY
110 M8 SOLAR THEFMAL PROJECT
3 Pt
‘I ! B | Figure IV.A.17. ¢ P PIT !
lv.19 208 N0 v DRAWNE NO- -,y
o ) _ were1-0] 97186 x-p-13 | A
"l R B ] 7 | 8 | 5 t 4 | ’ T 2 P T




‘ .
.. .
’ TANK : .
Wesr & CA- 243 D adlz
T T e SO IRTE YT, me . . N M (IGUI ALEMY, C2~wiox(a
/ - = s u’ S . B IVALENT)
‘- d ) & T . BEELETAL A' — SR> TS L8 wiON76 '
7 . . ' 9 ' S o = A LEOvivALENT) D
L ’ X : - a ’ Eauv T GowRarTeRy-R2 “~
” P i . ~9‘- o Wieax3s
~ " . : | » 0, j * '~e - .
A1} . M -— . s
ﬁ' 4 had . \
[ . a1 : -- {60*« RAFTERS-R3
"ty P (3 . - Wiy « 28 .
o ) , SRy, . -E:'n 1 s EsY)
AWR (e21.0) ! ' .6-0 RAD | 200 . :
I . . ‘itto DrA. |
' . Y 26.0 _RAD. oG
T L e bt ) ‘:(8 §2-0 DIA. : . _—
: ) . AB.GRAD. 1alcy
1 ! 29 ALLE TURAL SECTIONS ARE DEODiA. "y .
.98 AL (E=LO) ’ H .S_IT STAMLESS STERL SHOP FABRICATED E;._"oj.%gﬁf‘l_f__u' .
) 53 SECTION THRU ROOF : - ‘
s oo . - .
= ; -1 : X H
.- i Lo .
11414 n.mu.ai . . 33 . J
g ] 1200 1.5. DIA, 33 .t Y
l 4 . | ' [}
'
[ 90 o ;
S i) o2 . G
| . 3-: .
! b . A : § . e GO0 LE FAL. [TaduB SITLotit B
! 1.9717 k. (E=1.0 Al ' ~ ) . ] '
l . oh g h 3
o : I 4 i v ?
- 14 it nd . i i .1 ‘
| ’ g ’ : , :
I h. s & ! L i 3
! K468 ke (£01.0) U 8 . P .
p L : # 3 oS g -
b 1 » . ! : : 5 , A N L N —
J o I~ 10-0_ . /“\ 5 arsurer # _-—] 4 _ ) ] '
PO ST = — ST m— s BUTT wEu. i N ] ) )
[I___ - e l _/5 e e t N v RiM GURIIER A
\: | = ; o T ~
. . - : , Su DETAL "W — . : i
NOTES: JANK_ELEVATION, Trimrhe ’

I Lesi&h DATA . ) : o as ‘ 1 :
LCONTENTE : 41850 cF (mQuoss 30 @zﬂ;!&.&!&ﬂ:’_ 2E50°F_ . . . e L B : B
TMTIIN INESSURE: 00 POYG T LIQ KeAD . . .. ... .. . . - EQUALLY THACEL, (7 1 .

" g et - - : ) e - : : ';: 4‘..‘ '-‘I"-: . ’ :.' pﬁ&. -l. ¢ ”

1l TIRMELATORE: LT Yok AR . . . ’ . 00O I5.RAD. [l 418 SHEWL B i
mmb LOAL: _DOMEH® 30ET. HT. {EGUVALENT TQUBZ 20PEEZ 3G, . 1 L:.........__... ]
$ LATeOUAKE: APL 650 _APPKE ' FONE 4 —_ : '
<*iel $20F LOAG: APPROX. 20 PEE { WIND, YACUUM § INSULATION) _ . .. DE 1Al 1B E DETAIL "A"
= o0 V4T wvE:__B5000_FS1_ SOit eemame s . J . s (e ) —_——
9,TA N-CATIONS: _ASME SECT. Vi DV 1,API_COCES, §CuRT(ricH SPECE ) '

“ MATERIALS OF _cousmucnon : ) i

TEWY  SuLlL4BOTTUL R,  DARAO: Ao L leaen . - . .. .
RIoF _ _QAZAQ -l . ... e o e o= ' é
IV SIKDER | | _SA UA0-5Ye - - ) .
£Our STRUCTURAL_5A 240 - 3l(_a_g_Q\JNALENT < ..v- r-AN-l'.MEL . . ! .
TA Y. STIEFENERS NON& e e e e e - . e
AHCHORS _Sh x4a- — e e e . | Figure 1V.A.18.
. ¢ FuITA2 WOLAT. N _SUEELIED BY Px:w, . e e e an ‘IV 20
' . Teua ~ R IND oL ATWON _ggrgu,-{a BI_QQ.TJMEP\ e . ‘ . - P
Ty - , ‘ | — N .
- . : : T ;
- 1 ' : ‘ PITTSBURGH-DES MOINES CORP. :
: . i . ; . PUGINLFRS = FAnl s 3k = U\ RALIONY m‘“'""&as:‘n@-ﬂ"_
) l H . ! ' PITTSBURGR PA CBCRED . . o e o 1 .
1 I H AWK ——— - -
! ooty ©OMTLTLL CALT _TANK
MOII Y ACLA M, €8 WALE bY Yo I ! I i ' A1 R | t\A-—‘J':_.J‘_‘ .,\ . - e - m.“.wel
PITIPY stee ans ¥ WS e i . b N T PTa LB ] : ! .
N T L L) l.-l-,a MANT L T L Lt e [P RS - : .- ﬂB
T N A e A aa Ut D MWL COMEAPHR PIX JOLTAILY 2458 W 5N CHRP . e T e M oael $rTa v DM X . - - lu - D
AWD % MO7 T B ALY OR DALICATED PIPWCET PRITTEN PERNILEON : . &0 o, b tl. ALSeey, 5\ N l W Wt o) Ry UN ™ P - - . - —— - e - — — i —
4 | 3 . | 2 \ !




+ TANK " JETANK AC1~24% OxauV2
a S c.5TL. B C2-Wiox26
' . J LY 4
3 SEE DETAIL "A . CHE~WION2G
3 ) '-
3 | ;3
. S ! [ 4 D-RAMFTERS~RZ |
] 2 l [1-%7%3-1.1
i ' TI ) I 7% - GO-RAFTERSRA
; ] rNRT : - - -} y . W8 x 25
g | 281 A. (E«1.0) $ ! 6-O RAD. go-0 ! i
x ) o o DA - ; § ]
4 : w loRrAp, | _19'e |
b sgloc DA, ¢ ] .
g S I : 4.-3'-0 RAD.:‘L 1A ~Co
u . .50%" A (E«L.O) ) cinmug;&t“ BECTIONS ARE e o 160' e '::u:
| 'gl ) £l SECTION THRU ROOF 200
Ko -4
£ e | :
® s8d k(e ' 0. ’ '
I 4 120-0 | 1.5. DIA. 3 w!
i y T T T 4 ,"
2 [ " ‘g,
) = /
) %
< 0 L .
W GO-Q IS RAD. L481" CSTLsHELL®.,
: gi ' 1183 & (§21.0) g . — T -
& ol g ‘
n I ﬁ . :
J ;: 1 g
|
Lagr” R(8-1.0) g I . 5 ' d/
. o
U] g "
~ ) Ig-0_ . . \\ 5 % FooTer ®. -~
e e b e e 4 T = — . BUTT WELD
- — 0 pal ]
| . A ¢ = RIM GIRDER
g . 10°% 7a'
SEE DETAIL'B" — oy A
NOTES: TANK ELEVATION G SLIP 2 '
——————N . ’
I DESIGN DATA : . g (
L)CONTENTS: 467050 CF_(INCALIDES 30 HEEL) MOLTEN SALT@ |1 Ls“/cﬁ @ 580°F “;3:““0’::21”’,5 ’
2)0ESIGN PRESSURE:_O.] P5IG + L1Q. HEAD ‘ EQUALLY SPACED .
. o LoV
"Z)DESIGN TEMPERATURE :__ 250" F. €21 LSRR GO-O_  1S.RAD ( 267" SHELL .
A)WIND LOAD: _20MPH@ 30FT. HT. (EQUIVALENT TO UBC 25P5t=g 30'0) : = : e [ : -
S)EARTHOUAKE: _AP1 G50 APPRE ZONE 4 2
G)LUIVE ROOF LOAD: APPROX. 20 PSE ( WIND, YACUUM ¢ INSULAT ION) "
o, retsstme: . 5900 PoL. BoIL , DETAIL "B" } DETAIL_"A"
A)SPECIFICATIONS: _ASME SECT. VIlY D |, AP] CODES, & CUSTOMER SPECS. :
; |
IT MATERIALS OF CONSTRUCTION ‘
) TANK: SHELLEBOTTOM R. _5ADIH-GRTO '
ROOF _ A 8- GR.7Q |
RIM GIRDER _____ SASIG-GRIQ ) l
ROOF STRUCTURAL_SABG OR EQUIVALEWT ; . ‘ |
TANK STIFFENERS __NONE ) . |
ANCHORS S5A 3G . ! o
2)BOTTOM INSULATION __SUPPLIED BY PDM : . ' ‘ L . | Figure IV.A.19,
3)SHELLEROOF INSULATION _ SUPPLIED BY CUSTOMER ‘ o 1V-21
. ) : i )
' ; PITTSBURGH-DES MOINES CORP. W oA
. ENGINEERS ~ FABRICATORS ~ CONTRACTORS m
" PITTSBURGH. PA. CNECKED _§
‘ _B50°F. MOLTEN SALT TANK ‘
BTN e o | BAaET T, CALIFORNIA mBIIST
¥ THIS ATRUCTURE DESIGN
[ e s ey oy reon AT 0 o7 FoM € | U7 Tha AEvIeED DENION WUET CouPLY e A B8 . D-2

4 I 3 | 2 ” | 1




i

Operating Modes

Piant operating modes are most easily described by separating the plant into a heat
collection and ¢ power generation function. The heat collection function involves
the receiver, collector, and receiver salt loop equipment. The function is to
circuiate salt from the warm tank through the receiver to heat the salt, and return
it to the hot tank. The power generation function involves the steam generator, the
turbine and feedwater system, the circulation water system, and the steam
generator sait loop. The function is to circulate salt from the hot tank through the
steam generator, produce steam, and return the salt to the warm tank, expand the
steam through the turbine to generate electricity, and return preheated feedwater
to the steam generator.

C. Heat Coliection Operating Modes

The two operating modes for heat collection are norma! operation (including
startup and shutdown), and warm or overnight hold. There is an additional
nonoperating mode of cold shutdown.

Normal Operation - In this mode, salt is supplied to the receivers at about
550 with adequate pressure to maintain receiver flow and control. The
salt flow is regulated by a throttle valve downsteam of the receiver feed
pumps. The throttle valve adjusts the salt flow to maintain the salt level in
the warm surge tank.

There are three half-capacity receiver feed pumps for each receiver. The
system runs on one pump at up t6 50% rated flow and two pumps from 50 to
100%. One pump is kept in reserve. Pump startup time is sufficiently rapid
to maintain minimum receiver flow rate in the event of transition to the
reserve pump.

A receiver warm surge tank serves as a buffer to protect the warm salt line
from hydraulic ram. The tank also provides a reservoir of salt to maintain
receiver flow in the event of o receiver feed pump shutdown.

The salt flow through the receiver is regulated by control valves for each of
four parallel circuits. Under normal operation, the salt flow is regulated to
|050°F outlet temperature. Under conditions of low receiver fiow (less than
20% of maximum flow) or rapid insolation variation (due to partial cloud
cover), the system automatically fransitions to bypass flow operation, as
discussed in the following.

The receiver conirol utilizes outlet temperature feedback as the outer
control loop. An inner control loop senses heat flux to provide rapid
response feed-forward control under variable insolation conditions.

A second surge tank is provided on the receiver outiet to protect the hot salt
line from hydraulic ram. Level in this tank is controlled by a throttie valve
near the hot tank inlet, The outlet surge tank is kept at ambient pressure.

In early morning and late afternoon, energy is available from the collector

field in quantities worth collecting. However, the receiver may not be able
to operate at rated conditions for one or more of these reasons:
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o The flow ir one of the receiver circuits mcv be slow enough to
transition to laminar flow with a resulting heat transfer co-efficient
too low for receiver tube temperature to stay within operating
conditions,

o The flux disTribution on a circuit may peak too high for tube
temperature fo stay within operating conditions.

o The control valve for a circuit may be driven out of its desired range
of operation, '

A minimum of 20% rated flow is maintained in each circuit under low
receiver power conditions. This condition results in a receiver outlet

" temperature less than [050°F. A bypass loop allows the salt flow from the

receiver to be diverted to the warm storage tonk. Salt below 1043°F is
diverted to the warm tank when the hot storage fank temperature is
approaching 045°F,

Under most conditions of insolation transients, the feed-forward control on
the receiver will maintain adequate salt outiet temperature control. When
large, opague clouds come over the field, the 20% rated flow minimum
condition may be reached. The reasons are the same as those for exly
morning and late afternoon. The minimum flow constraint of 20% is appliec
under all insolation conditions.

Warm or Ovérnight Hold - During periods of no insolation, such as nighttime,
The heat collection system is put in a warm hold mode. The receiver door is
closed, and the collector system is stowed. Salt circulation is halted, and
trace heaters are used on demand., :

Power Generatfion Operating Modes

The two operating modes for power generation are normal operation
(inciuding sliding pressure operation and low power operation) and warm
hold. There is also an additional nonoperating mode of cold shutdown,

»,

Normal Operation - In this mode, salt is supplied to the steam generator at
TO50°F. T1he steam generator produces primary steam at |005°F and 1850

psi and reheat steam at 1005°F. The salt is returned to the warm tank at
550°F. Feedwater is supplied at 460°F.

The salt flows through the superheater and reheater in counterflow. The salt
flow rate is regulated to produce the desired steam outlet temperature
without attemporation. A salt bypass around the super-heater and reheater
is provided to balaice the salt flow., The salt streams merge and fiow

- through the evaporator, Water flows through the evaporator by natural

circulation. An integral drum separator provides dry, saturated steam fo the
superheater. From the evaporator the salt flows through the preheater in
counterflow. Total salt flow is regulated by a control valve on the preheater
outlet. This valve aiso provides positive back pressure on the salt at all
times.

Two half-capacity pumps circulate the salt, A redundant pump is provided
to ensure availability. :
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The turbine is required to execute daily off-on cycling. Sliding pressure is
usec to start up and shut down the turbine and minimize the thermal cycling
effects on the turbine. Turbine pressure control is achieved by varying
evaporctor drum pressure, The drum pressure is, in tumn, controlled by the
salt fiow rate,

During startup, the feedwater preheaters operate o a reduced
temperature. Drum steam is fed to the final prehecter to peg its
temperature at 460°F. The pressure ramp rate is controlled to keep the
superheater inlet temperafure ramp rate below | 50°F per hour.

Startup is initiated with one steam generator salt pump. The second pump
will be started when the salt flow rate approaches 50% of rated flow. Below
35% load, steam fiow is controlled by the turbine throttie valve. Salt flow is
adjusted tc maintain drum pressure.

Warm or Overnight Hold - Under warm shutdown, the superheater and
reheater are isolated by shutoff wvalves on both salt and steam sides. The
temperature change is siow, ond these units do not require the use of trace
heating.

The evaporator and preheater are similarly isolated., The preheater requires
almost immediate trace heating, The evaporator requires no trace heating
for two or more days. Evaporator drum pressure is monitored because heat
contained in the salt ot shutdown continues to make steam until equilibrium
is established. When the steam generator undergoes rapid shutdown (no
sliding pressure), steam is vented from the drum or steam is blown fo the
condenser.

Trace heating is required in the scit line from the preheater to the warm
tank for overnight hoid. Other salt lines require frace heating only during
extended shutdown, ‘

c. Typical Daily Operation Timeline

Operation on a typical equinox day is shown on Figure IV.B.l. Insolation is
depicted in the first chart. Usable energy levels are reached at about a 10°
sun elevation angle. The insolation appears to be significant below 10°, bu‘r\s

i
1

the field cosine angle is too low to provide much useful energy on the
receiver, However, some of this energy below 10° can be used in receiver i

startup.

The afternoon is depicted with insolation dropouts typical of a desert site.
Approximately 17% of the time cloud fransients are experienced. Hence,
cloud transients are sufficiently typical that they are included in a "typical”
day. The insolation leve] is typical of a clear day. However, bright days can
have insolation 10% higher,

The receiver response to the insolation is shown in the second chart. For
~ simplicity, the receiver is shown as starting at the 10° sun elevation angle.
" Note that at startup, the receiver is above the 20% power level threshold,

However, a short period of bypass salt flow is still required for a controlled

startup.
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The first afternoon clouds cause a complete receiver shutdown, and
necessitate a restart. The second cloud is not totally opaque., The receiver
continues to operate through this transient, although a period of bypass salt
flow may be required,

The energy collected by the receiver is stored in the molten saft hot tank.
As shown in the third chart, there is about one-half hour reserve in the tank
for morning startup. The startup cycle begins at about sun up. The steam
generator and turbine are operated at reduced pressure when the receiver is
started. Energy collected in excess of turbine demand is accumulated in the
hot tank. The relatively small impact of the cioud transients on energy
stored indicates the degree of buffering provided by storage.

Storage is exhausted about midnight. The turbine goes into sliding pressure
operation at about 11:00 p.m. to keep the superheater inlet temperature
ramp rate within the allowable range.

During the day, the turbine generator output varies only in the startup and
shutdown operations. Chart &4 depicts this, as well as small variations in net
station output resulting from changes in auxiliary power load.

The heat collection system operating modes are shown i Chart 5, Cold
shutdown is atypical, and rarely used. The transition to warm shutdown
caused by the afternoon clouds is also indicated. Similarly, Chart 6 shows
the power generation system operating modes. The full extended period of
normal operation is unaffected by cloud transients. '
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S=fetv Provisions

Tne scfetv proceaures ond features for the plant are, in genercl, covered by
existing standards, codes, and procedures (see Reference VIiIl.B.I). Some of the
highlicnts are described in tne following paragraphs.

Collector - Safety precautions for the coliector system are conventional and
Coverea by OSHA-type requirements. The only unique hazard concerns the energy
in reflected beams for heliostats. Extensive analysis for Solar | at Barstow
(Reference 111;B.1) shows that the reflected beams from one heliostat are safe for
personnzl @ anv point in the beam, but ¢ point which is in the beams from two or
more heliostats may be unsafe. The dominant damage mechanism is a burn on the
retina of the eye, but cornea (eye) or skin burns must aiso be considerec.

Operation of the collector field requires that many beams from heliostats converge
at specified points. An example is the standby aimpoint for the collector used in
collector/receiver startup. Areas in the airspace above the site which have unsafe
beam conditions will be designcted as exclusion zones. A preliminary estimate
indicates that safe conditions always exist at an elevation 1000 feet above the
tower, Even 500 feet above the fower is likely to be safe, but further validation is
required,

All beam conditions on the ground within the collector field are safe. South of the
collector field, unsafe conditions potentially exist. Personnel and equipment
exclusion zones are established to protect the operations and maintenance crews.
Workers in the field are required fo wear lightweight protective clothing and
glasses,

Receiver - The receiver system design is governed by Section VIIl of the ASME
Boiler and Pressure Vessel Code. The piping is designed to ANSI B3l.l. Insulation
is provided to prevent excessive temperature on the externai surfaces of the

receiver and salt loop piping.

The receiver unit is drained into the warm sforage tank to prevent freezing in the
event of extended shutdown and to allow personnel access to the interior of the
receiver for maintenance or replacement,

Tower - The receiver tower requires aircraft warning lights and listing on air
navigation maps.

The tower requires ventilation to prevent the buildup of heat leakage through the
insulation. Natural convection is expected to provide adequate ventilation.

Storage and Transport - A berm and salt containment area is provided around the
thermal storage tanks to contain salt leakage.

Stearn Generator - The steam generator heat exchangers are designed fo Section
VTIT of the ASME Boiler and Pressure Vesse| Code.

Steam piping and interfaces with the existing plont will be designed to the ANSI
B3l.i power piping code.

Plant Control - Plant control is provided with appropriate interlock logic to assure
safe operation. Mode changes and trip conditions are coordinated to provide safe
transitions and shutdown.
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Storage of heliostats and transition between stowage and standby is under the
contro! of the HAC and is programmed to assure safe beam intensity.

Turbine Generaotor anc Balahce of Plant - Sofety precautions for these systems wili
be conventionzl. - '

Trips and Emeragency Operations

Svstem trips ond emergency procedures will be designed fo assure safe operation
and to prevent damage to equipment. Analysis of trips will be defermined in
preliminary engineering.

COLLECTOR SYSTE#M

Functionel Description

The collector system consists of two fields of heliostats, the required power
elements and control elements for directing individual heliostats and groups of
heliostats. The purpose of the coliector system is to redirect solar radigtion and fo
focus it onto the receiver absorbing surface. The field supplies 326 MW, incident
energy to the 5598 ft* receiver aperture at winter solstice noon.

Fach heliostat automatically tracks the sun and continually directs reflected
sunlight onfo the receiver. The heliostat control and drives position the heliostat
reflecting surfoce such that the pointing accuracy meets specified requirements for
receiver flux distribution. In aoddition, the control and drives reposition the
reflecting surface from any operational orientation to a position for night stow,
periodic maintenance, high wind stow, and emergency or planned defocusing of the
heliostats (standby).

An aim strategy is used to achieve a power distribution on the reciiver absorbing
surfoce and to preclude exceeding the design flux limit of 0.6 MW/m®. A number of
heliostats are assigned to each aimpoint. During the day, the peak flux will vary
along with the receiver intercept factor. The resulting flux distribution is
described in the receiver system, Section IV-E. Command and monitor of the
collector system originates in the plant control system described in Section v-J.
Piant electrical power is provided to operate the heliostats.

General Arrangement

Each of the two collector system fields occupies 509.3 acres within the plant site.
They ore adjacent to each other in north-south positions, as shown on the site plot
pian, Figure IV.A.l. Each field contains 7712 heliostats in a radially staggered
orientation, as shown on Figure {V.C.l, where the individual heliostat positions are
shown with respect to the receiver tower.

Major Equipment Descriptions

The major equipment items associated with the collector field are the heliostats,
the field control (including a beam characterization system (BCS)) and field
electrical power and wiring, as shown on Figure IV.C.2.
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Figure [V.C.2. MDC Collector System
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c. ~eliostcts

me heliosta* design is the MDCT Model 50 configuration illustrated or
Sigure IV.C.3. The Mode! 50 is the MDC second generation heliostat which
H'*s been quclified to the Sandia National Laboratorv Specification
(Ref. IV.C.1) for performence, environmental and life testing. It is the only
heliostat subjected to these tests which has met the specificetion in ail
respects (Ref, IV.C.2).
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Figure IV.C.3. MDC Second Generation Heliostat

The Model 50, which evolved from four previous hardware prototypes, has
been des:gned with the following considerations in mind:

o} A factory design to aid in volume protection.

o Simple functional configuration with low parts count,

o Minimum site assembly labor.

o 30-year lifetime

o Economic goals for central receiver plant readiness in the 1980s.
o Technical specifications from DOE/Sandia

Specific design features are presented in Table IV.C.1.
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TABLE IV.C.|
DESIGN FEATURES Dr H=LI05T AT COMPONENTS

The MDC Node! 50 Heliostat design uses proven processes and materials with
flexibility to apply future cost reducing processes and materials.

Subsystem ' Desian Feature
refiector e Conventional Auto Safety Glass Laminate

e Bonded Stiffeners - Double Curvature

Support Structure e High Volume Roll Formed Parts
o Automated Spot Welded Assembly

‘Drive . e Proven Azimuth Harmonic Drive
e Conventional Bail Screw Elevation
e Only Two Reduction Stages, Both Drives

Controls e High Reliability Extended Temperature
High Pointing Accuracy Software

Foundation ® Poured in Place Reinforced Concrete
Taper Fit Pedestal Joint
e Compatible With Any Soil

Site Assembly e Three Self-Jigging Field Components
Factory Alignment of Mirrors
Software Field Alignment

The heliostat is manufactured in three subassemblies. These subassemblies,
which are shipped to the field for heliostat assembly, are the two refiector
panels (one-half of the reflective unit) and the drive unit, which includes the
heliostat controller electronics and sensors and the pedestal. Basic design
characteristics are shown on Table IV.C.2. Complete characteristics are
provided in the finali report on the second generation heliostat program
(Ref. 1V.C.3). Each reflector panel is composed of seven laminated mirrors
on a support frame. Each mirror is 48 by [32 inches, A thin second surface
silver/glass mirror is bonded to a glass back panel. The mirrors are bonded
to stringers which are, in tum, bolted to support beams. This assembly is
adjusted for focal length in the factory. :
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TASLE IV.C.2
DESIGN CHARACTERISTICS OF THE
MDC SECOND-GENERATION HELIOSTAT

Reflector Arec 56.85 m2 (612 £12)

Reflector Shape Rectangular . 8.56 m wide, €.87 m high
(28.4 ft x 22.5 ft)

Norma! Stowage Position Reflector -2° from vertical

Severe Wind Stowage Position Reflector face up

Number of Panels t4

Pane| Dimensions .22 x 3.36 m {4 x 11 f1)

Minimum Azimuthal Spacing 13.3 m (43.6 £t) minimum

Minimum Radial Spacing 10.6 m (35.5 f1)

Control - Open Loop

Power 335 W per motor

The drive unit is composed of o rotary azimuth drive, a jack elevation drive,
contro! sensors, a main beam, a controller, and a tapered pedestal. All drive
motors are three-phase, 208 VAC. This unit is also assembled and aligned in
the factory. A partially prewired circuit breoker junction box with the
heliostat-side cable installed is also provided to the field to be instailed
during field wiring operations.

Heliostat Installation

The foundation is a conventionally drilled and poured column with o tapered
cone extending 4 feet above grade. The configuration and dimensions are
shown on Figure IV.C.4. The foundation also provides for electrical
grounding of the heliostat. Integral conduits are provided to allow for
(1) electrical wires at ground level to be routed through the cone, and (2)
water drainage from the top of the cone to ground level. The cone is made
during the foundation pour with a reusable form which provides the integral
conduits, as well as pulidown cavities on the periphery of the cone.
Foundation reinforcement is a rebar cage of twelve #6 rebars spirally
wrapped at a 16 inch diameter. Rebar is aliowed to extend above the pour to
allow grounding of the drive unit pedestal to the rebar and attachment of the
junction box.

Because of the existence of rock outcroppings in some of the heiiostat

locations, some of the foundations will require drilling info rock. Specific
designs for these conditions will be determined in the plant design phase.
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Figure 1V.C.4. Foundstion Configuration

At heliostat installgtion, the drive unit pedestal is placed over the cone and
drawn down into place by tooling which connects to the pultdown cavities on
the base of the foundation cone. The engagement overiap of the drive unit
pedestal with the foundation is greater than 2 feet before an interference fit
reguiring a pulldown force is reaquired. Consequently, no vertical control is
reguired in this operation. Rotational control is provided by alignment of
scribe marks on the foundation cone and the pedestal. Puildown requires less
than | minute. The operation is illustrated on Figure IV.C.5.

THe electrical interface connection requires connecting the junction box
cable assembly info the heliostat controller. Each heliostat in the field also
has a unique address for communication which must be set, This requires
opening the heliostat controller box and adjusting the DIP switch mounted on
the processor board. The switch is set in accordance with the master field
layout plan so that each heliostat address code corresponds with the
surveyed coordinates of the heliostat,

The reflector assemblies are canted at the factory for focal length. Each of
the two complete shipped ossemblies is installed in one operation,
Installation involves placement on the drive unit main beam and fastening by
bolts, as shown on Figure 1V.C.é6.

Control

Heliostat beam pointing is achieved using open-loop command algorithms. A
set of ephemeris equations is used to calculate the azimuth and elevation of
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the sun for a given time of the day. Knowing the relative position of the
receiver and heliostat, the reauired heliostat gimbal angles 10 reflect the
heam to tne receiver aimpoint are ccleuiated, The calculation accounts for
atmospheric refraction, gravitational structured bending, drive pivot point
error, foundation tilt error, anc location error. The transfer function of the
azimuth and eievation drive svstem are used to transform the modified
gimbci angles into drive motor turns. The motors are energized until the
desired number of motor turns, as indicated by an incremental encoder
mounted on the motor shaft, have.been achieved.

There are four basic electronic components used in controlling the heliostats
in the collector field. These components are a Heliostat Array Controller
(HAC), a Heliostat Field Controller (H=C), a Heliostat Controlier (HC), and
a Motor/Sensor, functions of these components ond the information
flow between them is summarized on Figure IV.C.2. The specific eguipment
making up these components ond the communication paths between them cre
iliustrated on Figure IV.C.7. Tnere is also a Beam Characterization System
(228) which is a video-based system for updating beam pointing accuracy.

One HAC for each of the two collector fields is located in the plant control
room. Each of the two HACs consists of two minicomputer systems, each
capable of independently controlling the heliostats. One minicomputer-
based svstem will be designated as the primary HAC and the other as the
backup HAC. Each HAC computer will have a dedicated associated set of
peripherals and will be capable of independent two-way communication with
the plant control system, including the datd acquisition sysiem (DAS), and
with the beam characterization system (BCS). The two HAC minicomputers
will also receive, and make available to the HFC, data from a time-of-day
generator located at the control room. The two HAC computers will
function concurrently, with each redundantly processing all commands and
data. Switchover from primary to backup HAC will be controlled by the
Plant Control System computer/operator upon sensing a fault in the HAC,

The HAC control panel will incorporate provisions for the operator to call
from software subroutines to startup and operate in normal, high wind and
defocus modes. These subroutines provide automatic contro! of heliostats to
increase or decrease flux fo the receiver and move to selected positions.
However, individual heliostats are addressable through HAC keyboard.
Positioning heliostats for maintenance will thus be accomplished through
keying in motion commands at the HAC keyboard. Positioning heliostats for
BCS operations will be accomplished automatically on a computer-to-
computer basis.

The HAC communicates with the HFCs via a redundant data highway. Each
HF C contains a microprocessor with capability to control up to 32 HCs. An
HFC receives all commands and data from either the main or backup HAC,
A message error check is made of the received message and, if there are no
errors, the HFC will echo back the received message or the received
message with the requested data. The HFCs will check the echo message
ogainst the fransmitted message before declaring the transmission good.
The HRCs are co-located with the power/control distribution centers
described in the next section (IV.C.3.c).
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Figure {V.C.7. Coliector Field Controlier Hardware

The HC also contains a microprocessor; it executes position commands,

determines its associated heliostat's position, performs diagnostic tests and |
monitors transmission signals. As shown on Figure IV.C.2, it is located in a i
housing on the drive unit pedestal. |

{

A manual ‘controller can be plugged into the heliostat circuit breaker

junction box for local eontrol of the heliostat. Local manual control isolates w

o heliostat without affecting control of any other heliostat. 1
\

The elevation jack motor and azimuth drive motor each have an incremental

encoder. These encoders, in conjunction with position reference switches
are used fo update incremental counts and reference position during
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recoevery from ¢ power failure. Both drive motors are three-phase,
208 VAC.

—eliostet Alignment

The alignment technigque uses a Digital Image Radiometer (DIR) Beom
Characterization System (3CS), consisting of @ white target beneath the
receiver, @ T\ camera located in the field to view the farget, ond o video
digitizer intzrface fo a control computer. Two targets are provided to allow
a shorter fime period for initial field alignment. The heliostat's reflected
beam is projected onto the target and the DIR/BCS used to scan the beam
and determine centroid ond power distribution. For alignment, only the
centroid dara are reguired.

A coarse track alignment is done in order to ocquire the BCS target. First,
the heliostats are commanded to move to the gimbal reference sensors
where @ zero estimate is used as the elevation and azimuth reference
position. A standby aimpoint is then commanded that is a distance from the
BCS target aimpoint. A search mode is used to find the target and acquire
the target center. A second estimate is then made of the azimuth and
elevation reference position. This estimate is accurate enough for the
control system to keep the beam on the target or find the target the next
time it is unstowed. In the final step, the beam is put on the target and the
BCS is used to take measurements and calculate the beam centroid. This is
done at one-half to one-hour intervals from early morning fto late
afternoon. 'Jsing these measurements, the errors in the heliostat orientation
are determined. These error terms are then used by the HFC to determine
the gimbal position which should be commanded in order fo move the beam
fo the desired aimpoint. Structural alignment and location errors are
accommodated.

Electrical Power Wiring

Collector field power is distributed from 4160 VAC plant power source
through Power /Control Distribution Centers (PCDC).

A field distribution center for each field feeds paralle! redundant primary
power to PCDCs on each side of the field. A fiber optics link from the HAC
in the control room also runs to the field distribution center where data are
converted for fransmission by wire fo the HFCs. The PCDCs are
environmental enclosures dispersed throughout the field which contain power
equipment (primcry power auto-transfer switches, switch gear, transformer
and secondary distribution breakers) as well as the HFCs ond an
uninterrupiible power supply (UPS). Figure IV.C.2 illustrates the PCDC,

The arrangement for power distribution in the field is shown on
Figure IV.C.8. Control lines parallel power lines as shown on the figure. The
T blocks represent PCDCs containing the secondary transformer ond six
HFCs. Distribution from this point is made typically with 32 heliostats
interconnected to each field controlier and power circuit breaker, as shown
schematically on Figure IV.C.9. The sector Ietters refer to the field layout
sectors.
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Figure 1V.C.8. Electric Power Distribution Schematic

Notes: 1. Feeder Arrangement — Sector A 5, Controt Line Similar 1o RG-131
Rows 1 Thru 27 (2400 Heliostats) but with Quter Jacket
Ave 28 Per Feeder, B4 Feeders

1 234 B 8 From 14 Substations 6. Average Loop Length is 2800 #2
- Communication 7. Sectror A Reguires 24160 VAC
© 000 00 Line ' 2. Loop Feed Power Supfeeders and 14 Substetions

3. Power Cabie — 4C No. 10 With
Sheath Similar to Okonite C-L-X

[+
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Secondery Power Feeders on
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/ HC-28
‘ Secondary Feeders ' e
O\ cB1 \f \/ _ \[
Typ ‘ .
6 Pls
HC-1 HC-2 ; HC-3
178' I 80’
Typ Typ
- 2PLC’s | 27 BLC's

Figure 1V.C.8. Electric Power Distribution Sector Layout
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4, Svsten Supoori Reguirements

The supoort reauirements for the heliostat field are electrical power and the
availadility of deionized water for heliostat washing., The water source for tne
steam loop makeup wiil be sized for heliostat washing requirements also., The
washing capability requirement is 3000 gai/day. This is based on total fieid washing
|2 times per year,

Power provisions are required for all operating modes. Power system sizing
reguirements are as follows per field:

!

ay BN AN Ay Bm

Degk Power Reguirement Total Eneray (Annua
Kw MW
Normal operation 1125 3727
High wind stow 2400

3, QOperational Features

in addition to normal operation, maintenance and night stow, repositioning of the
whole field, or individual heliostats is accomplished in high winds and in the event
of emergencies such as failure of the receiver fluid control sytem. Beam safety is
a major consideration during this period with individual heliostat motion controlied
in @ manner to preclude concentrated beams on the ground, on the unprotected
tower struciure or above the ciearout air space over the plant. These operations
may be accomplished with the MDC heliostats by sequenced fravel in elevation
only. For both high wind and emergency defocus, a face-up position is desired, As
a result, beams at ground leve! are never produced. In the defocus case, azimuth
trave| may also be emploved, but is probably not required. In both cases, heliostats
are controlied by positioning to a known location and path., Heliostat washing will
be acomplished at night., For this operation, the heliostats are in the normal night
stow position (vertical). Cleaning is accomplished by a truck which continuously
travels through the field. A boom-mounted spray cleaning unit is used with
deionized water, as shown on Figure IV.C, 10

VD, . RECEIVER SYSTEM

l.  Functiona! Description

The receiver is a tower-mounted heat exchanger that converts the radiant energy
reflected from the collector field into therma! energy in the receiver coolant, a
molten heat transfer salt, The net thermal power output from the receiver at the
design point (winter sojstice noon with 1000 W/mZ insolation) is 312 MW,. At the
design point, 5.52 x 10° Ibs/hr of molten salt (60% wt. fraction of NaNO5 and 40%
wt. fraction of KNO=) are heated from an inlet ternperature of 550°F to an outiet
temperature of lOSO%F. Salt is received from the warm salt storage tank and
returned to the hot salt storage tank for subsequent use in the steam generator.
For Solar 100, each of the two collector fields has a receiver which operates in
paralle! flow with the other. The receiver interfaces with the plant control system
as well as the collector, tower and thermal fransport and storage systems.
Electrical power and other support is provided by the balance of plant system,
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Figure 1V.C.10. Large Field Cleaning

The receiver includes absorber panels, support structure, insulated doors, and flow
distribution and control elements (interconnecting piping, surge tanks, valves and
controis). A crane is included for instaligtion and removal of equipment at the

tower top.

2.  General Arrangement

Figure IV.D.| shows the general arrangement of the receiver in its support
structure at the tower top. The receiver tilts forward 25 degrees toward the
collector field to improve the view factors for heliostats at the eastern and western
edges of the field. A service crane will be mounted on top of the support
structure, Figure 1V.D.2 shows the general arrangement of the receiver panels and
interconnecting piping. There are 10 internal side panels, 8 internal rear panels and
2 external wing panels in an omega shape. The midpoint of the receiver aperture is
§75 feet above grade. ' :

3. ajor Component cription . R
Major Component Descriptions S — —

\ . \

c. Absorber Panels )

Figure IV.D.3 shows a typical/panel. The panels are identical in length, but /
the two wing panels have |18 tubes each, while side and rear panels have 94
tubes. All panel material is incoloy 800. The panel and jumper tubes are |-
in. Q.D, with 0.065 in. minimum wall. The inlet and outlet headers are 10 in.
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Figure 1V.D.1, Receiver Support Structure

Schedule 40 pipe with two 6 in. nozzle connections for feeders and risers.
Coster Wheeler has successfully weided small test sections of these tubes
ond is developing the required weld procedures during Phase | of the DOE
Molten Salit Receiver SRE program.

The figure also illustrates the panel support. Support lugs are welded
between every fiffh panel tube and vertically spaced 4.2 ft. apart. The
central lug af each elevation is fixed fo a buckstay which fraverses the panel
width. Lateral expansion of the parel is permitted by movement of the
remaining lugs relative to the buckstay. The buckstay is ottached to the
support structure by support links which permit longitudinal panel
expansion. The central support links position the center of each panel.

The pare! is hung from the support structure by hangers attached to the
support lugs. The jumper tubes connecting the panei fo the header are
designed with sufficient flexibility fo permit expansion between the fixed
pane| top and the upper header, which is fixed to the support structure, The
lower header is permitted to move with the longitudinal expansion of the
panel. A support link is provided to position the lower header, which is
supported by the panel tubes.

The receiver floor and ceiling are uncooled surfaces consisting of ceramic
materials anchored to a carbon steel plate. Ceramic materials were
selected for the uncooled receiver ceiling and fioor because of their ability
to withstand the incident solar flux levels with minimum expansion and
interference with the receiver paneils.
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Figure 1V.D.3. Typical Absorber Panel

iv-44

" T « .




The ceiling is formed by two staggered layers of ceramic fiberboard, 0.5 in,
and | in. thick. The ceramic fiberboard (alumini silicate fiber) is anchored
with Set-Lok ceramic anchors stud welded to a 25 in. thick, reinforced
carbon steel plate rigidly supported from the receiver support structure. No
aliowance for vertical expansion is required because the top of the receiver

panelis is fixed,

The floor is formed by o laver of castable concrete cfop two staggered
lavers of ceramic fiberboard, both of which are anchored with KSM Wav-Lok
anchors welded to a carbon steel piate. The castable concrete consists of a
mixture of Al503 aggregate bonded with high-purity, low-iron caicium
aluminate hydraulic setting cement and reinforced with stainless steel fiber
4 percent by weight). A flexible seal is provided between the floor and
panels (see Figure [V.D.3) to minimize thermal losses from the receiver.

{

Figure IV.D.4 shows typical receiver panel absorbed heat flux profiles
determined from two-dimensional heat flux maps from the MDAC computer
program CONCEN, Tube-to-tube flowrate variations within a¢ panel were
determined fo be very insensitive to heat flux variations. Figure IV.D.5
shows salt inlet temperature and lateral outlet femperature distribution for
each panel. Based on Foster Wheeler past experience, the high temperature
distribution on the Rl wing panel may result in panel stresses which are not
tolerable. Detail analysis is required to determine the accepiable limits, but
solutions are available if this condition is not acceptable. These include
dividing the panel, orificing tubes and orificing feeders.

The tube panels are arranged in flow circuits, as shown on Figure IV.D. 6, to
minimize overall pressure drop through the receiver and fo account for the
differences in heat flux and tube wall temperature from panel to panel.
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Thus, tube temperature gradients and resultant tube stress lewels are
controlled. Design point frictional pressure drop through the complete

receiver circuit is 124 lb/inz.

Individual receiver tubes were analyzed using a Foster Wheeler computer
program to determine tube and salt temperature. The Dittus-Boelter
correlation is used to determine salt film coefficients. Significant results
for the hottest tube at equinox noon conditions are plotted on
Figure IV.D.7. The tube [D. temperature shows that local salt film
temperature in a small region can reach approximately | 120°F,

Although only a small quantity of salt will reach this temperature for a short
time, it is preferred to reduce this temperature to minimize sailt
compositional degradation and corrosion problems. This can be accomplished
in detail design by optimizing salt side flow characteristics and heat flux
distribution,

Support Structure

Table IV.D. 1 lists the estimated weights of the structure required to support
the receiver., The structure was sized for an 0.57-g seismic load and a 50
b/t € wind load,

Referring fo Figure 1V.D. |, the front is open to allow an uninterrupted path
for solar radiation. A latticed column on both sides of this opening transfers
the shear load resulting from the side-fo-side seismic and wind loadings to
the roof and to the base of the structure. The shear load, which is
transferred to the roof truss, is transmitted to rear bent H and then down to
the base., This causes torsion in the structure which is resisted by a couple
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. TABLE IV.D.!
RECEIVER SUPPORT STRUCTURE WEIGHT BREAKDOWN

Structural Item Weight (103 Ibs)
Columns. 258
Roof steel 60
Horizontal steel 835
Platforms and ladders 110
Vertica! bearing 323
Connections 139
1,525
1V-48
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whose forces are transmitted to the base of the structure via side bents 6
and 8. Seismic and wind loads in the front-to-rear direction are confinuously
fransmisted to the base through shear via side bents é and 8,

The receiver gravity loads are token fo the roof via hangers and then
transmitted o the base of the structure via bents €, 8, and H. Lateral lodas
originating at the receiver and external wind loads are taken by horizontal
ties tc the structural steel, Horizontal trusses on both sides of the receiver
gt each level transmit the loads to the appropriate bents,

The structure was arranged to provide space for panel doors in the open
position, thereby minimizing gravity uplift on the H column. With o fower
diameter of 66.7 ft., the seismic uplift on the rear bent columns is
approximately 2.05 x 10° kg (4.5 x 10° |b). This load will require special
design consideration in transmitting the load to the concrete tower.

All components of the support siructure that may be exposed to
concentrated solar flux (such as the front bent) are insulated and covered
with @ stainiess stee! radiation shield. The remainder of the support
structure is covered with ajuminum sheet,

Insulated Doors

The receiver includes a door to minimize thermal losses when the receiver is
not in operation and fo protect the receiver from interruption of coolant
flow. The door consists of four sections, each of which spans the receiver
aperature horizontally. When opening and closing, the door sections move up

and down paraliel to the face of the receiver. Two sections move upward

and two downward, nesting in pairs in the open position so that a minimum
area is exposed to the wind. The lower sections are counterbalanced by the
upper sections, minimizing the power required for opening and closing. The
upper sections are heavier so that the doors can close by gravity in the event
of power failure. Each door section has large cam-follower bearings which
run in fixed guiderails mounted in the outboard sides of the receiver wing
panels. The door is covered on the outside with an ablative material that
protects the door assembly and receiver until the motion of the sun moves
the reflected beom away from the receiver aperture, The aperture side of
the door is faced with insulation.

Flow Distribution and Control Elements

The receiver flow schematic is shown on Figure IV.D.6. All interconnecting
salt piping is completely drainable. Headers, feeders, and risers are 10 in.,
6 in., and 6 in. Schedule 40 pipe, respectively. Sizes were selected to
minimize header flow imbalance, pressure drop, and length required for
flexibility. Drain and vent lines are 4 in. Schedule 40 pipe.

Molten salt flows upward through all absorber panels in the combination of
series and parallel paths illustrated in the figure. The upward flow in the
panels minimizes the possibility of therma! hydraulic instability. Four
control valves are used to maintain the desired outlet temperature by
controlling both the amount and distribution of salt flow, This flow
arrangement accommodates both diurnal and seasonal flux distributions and,
combined with the collector field aim strategy, minimizes control problems
caused by panel-to-panel input power variations during cloud transients.
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The control valves and the drain and vent vaives shown in the figure are self-
draining globe-tvpe vaives with internal bellows seals. All valves are co-
pasle of both manual and pneumatic actuation.

Figure IV.D.§ also depicts the surge tanks. The warm surge tank in the riser
at the inlet to the receiver isolates the receiver and control vaives from the
dynamics of the pump and water hammer in the warm salt piping. A ievel
sensor on this tank controls the feed pump throttie vaive. The hot surge
tank in the downcomer at the receiver outlet isolates the downcomer and
drag valve from the receiver dynamics end water hammer. A level sensor on
this tank, with appropriate modulation to prevent rapid valve motions,
controls the drag valve at the bottom of the downcomer. Set points for both
tank levels are set at one-half to provide ¢ confrol margin and a ready supply
of salt. The warm tank also provides an emergency 60 seconds of salt flow
to protect the receiver in case of a feed pump or power failure and is
pressurized to provide the driving pressure for salt circulation. The hot
surge tank connected to the |2 in. primary downcomer is jocated at an
elevation above the highest absorber panel. Surge tank specifications have
been selected, as shown on Table 1V.D.2.

TABLE 1V.D.2
HOT AND COLD RECEIVER TANKS SPECIFICATIONS

>

Cold Tank Hot Tank
Tank diameter, m (ft) 3.2 (10.5) 3.2 (10.5)
Tank height, m (f1) 7.0 (23) ' 7.0 (23)
Salt capacity, kg (Ib) 48,100 (106,000) 48,100 (104,000
Operating pressuré, kPa
gage (Ib/in?g) - 945 (137) 35 (5)
Material SA-515 - GR.B SA-240 (304-S5)

Compressed air for the surge tanks is supplied from an air storage tank
located at the top of the tower. The air storage tank also drives salt from
the warm surge tank through the receiver during an emergency. It is sized
to provide salt flow for one minute.

Figure IV.D.8 illustrates the receiver unit instrumentation and control
valves. Air-cooled flux sensors and rear wall thermocouples will provide
data to the valve controllers. Header salt thermocouples at intermediate
locations and at the receiver unit exit are also provided. Thermocouples are
distributed throughout the pipework, headers, and vaives to indicate cold
spots so that appropriate actions (e.g., trace heating adjustment, draining)
can be taken to prevent salt freeze-up. Salt flow rates are measured by @
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e.

wedge-type flowmeter which can be completely drained.  Pressure
measurements are made using silicone-oil-filled lines with diaphragms to
isolate the sensing units from the high-femperature salt.

Three sequential flow-control loops, buffered from each other by the two
surge tanks, control the receiver. Feed pump flow control is accomplished
by throttle valve control responding fo the level in the warm surge tank.
Recejver salt flow is.controlled by four valves, as shown on Figure IV.D.6.
These valves modulate flow fo control outlet temperature from four parallel
flow paths. The hot surge tank level then controls the drag valve and output
to the hot storage tank.

Control of the individual receiver fiow paths will include both flux and
temperature data to anticipate requirements for flow control. The design of
these algorithms will reflect considerations of both low noise steady-stafe
control and rapid response transient control during cloud passage.

Auxiliary Support Equipment

Thermal conditioning is required to maintain all molten salt equipment above
430°F to prevent salt from freezing during overnight and extended cloudy
period shutdowns. Conventional eleciric heat tracing (thermostatically
controlied, single conductor Ml cable) will be used on all pipework and
valves, and on the surge tanks and drain sump.

The absorber pane! will be heated from three separate systems: 1) back flow
of hot salt from the hot salt surge tank, 2) eleciric trace heaters installed
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pening the wing wall paneis at the factery, and 3) radiant heaters installec in
the cavity fioor.

Breiiminary calculations have indicated that the 100,000 Ibs. of hot salt
stored in the hot salt surge tank at [050°F can provide enough heat to
maintgin the cavity panels above 550°F for up to nine hours. Once the
thermal energy stored in the hot salt has been expended, then the radiant
heaters will be activiated to compensate for the ongoing thermal losses due
to conduction through the insulation and structure and convective losses
through gaps in the door seals.

The radiont heaters will be located in the cavity floor, as shown on
Eigure IV.D.9. These heaters are flat resistance Chromalox heaters with
woven refioc‘rory cloth (black ceramic coating). At 1600°F, they emit
25 watt/in® gt a peak emission wave length of 2.5 microns, a wavelength
within the high absorptivity part of the spectrum for the receiver coating.
These heaters will be recessed in the cavity floor to protect them from
incident radiation during normal receiver operations.

The wing panels will be fitted with factory-installed trace heaters because
they can" benefit from the radiation and natural convection within the
cavity during shutdowns. Backwall temperature of less than 700°F will
permit weld or braze, as shown on Figure IV.D.10. Ten parallel heaters,
running the length of the panel, will operate at 0.7 /ft resistance and
49W/ft power. The total available power per panel will be 37,5 kW,

28 Radiant Heaters Total
500 KW

Trace
On Wing Panels
75 KW

|- . N

Figure IV.D.9. Heater Pane! Layout — Plan View
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All equipment confaining molten salt will be insulated. Table IV.D.3 lists
materials and thicknesses for all insuiation. Standard aluminum lagging will
be used for all pipework and the surge tanks. The cavity roof and floor, and
back sides of the absorber panels will be encased in aluminum sheet to
provide weather protection. During an extended shudown period with the
electric trace heaters maintaining the salt in the receiver circuitry at
550°F, the heat loss through the panel, piping, header enclosure, floor, roof,
and door insulation is approximately 0.42 MW, based on o calm day with
60°F ambient temperature.

Receiver Crane

The receiver crane is a 10-ton bridge craone with a 50-foot span and 730 ft.
of hoist lift. The hoist will have a variable speed drive with a range of
speeds from |0 ft/min minimum to 100 ft/min maximum. Remote radio
control will enable personnel to operate the lift from anywhere in the
receiver structure.

Receiver Construction

Afier erection of the receiver support structure on the tower top and
instaligtion of the receiver crane, the following steps will be taken to
complete construction of the receiver;

o Preparatory work - setting scaffolds, hoists, and worker safety
protection equipment in place.
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TASLE IV.D.3
RECEIVER INSULATION SUMMARY

ltermn Thickness Material
Interconnecting piping é" for all 12" transfer pipes Calcium
and downcomers Silicate

4" for the remaining piping

Tube panelis 4" for Pass | panels Mineral
5" for Pass 2 panels Woo!
é" for Pass 3 panels
7" for Pass 4 panels

Roof, floor and header 4n : Mineral
enclosures Wool
Surge tanks &" for inlet tank Calcium
6" for outlet tank i Silicate
o Erect receiver panels - erection of panels beginning with pass #3 (rear

panels) and progressing through passes #4, #2, and #1, respectively, to
the front wind panels. Includes setting panels in place by using the
tower to crane and connecting the ponel assemblies to the support

sfructure,
o Erect receiver floor and roof.
o Erect receiver door - Rigging and placing the door frame/track ond

controller assembly is first. This is followed by installing the four
sections of the door into the frame.

o lﬁstcll door operating mechanism, air compressor, and storage tank.
) Erect all piping and valves,

) Install all instrumentation and controis.

o Install heat tracing, insulation and lagging.

o Erection phase-out - checkup, demobilization and cleanup.

4, System Support Requirements and Interfaces

Primary system support for the receiver will be electrical. Electrical power at
480 V will be required for trace heaters, radiont cavity heaters, door and pump
motors, and welding equipment for maintenance. The trace heaters will use
approximately 75 kW. The cavity radiant heaters will use approximately 500 kW.
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None of these units will ordinarily be active during normal daviime operations.
Additiona! Dower is used on an as-needed basis for trace heating of tanks, pumps,
vaives, ond interconnecting pising. The door motors will use power guring startup
and shutdown operations and the sump pump motors will use power on a periodic
basis.

Compressec cir will be required to charge and maintain instrument air and cover
gas for warm and not surge tanks.

Onerciional Fectures

Receiver operations inciude: cold startup, morning or warm startup, normal
operation (including load changes), cloud transient operations, overnight or warm
shutdown and conditioning, emergency shutdown, and coid shutdown.

Cols startup begins with scit in the warm storage tank and the receiver system
empty. The panel frace heaters and cavity radiant heaters will be activcted to
preheat the penels. Trace heating will be furned on to condition all pipework,
sumps, valves ond fanks, All vent and drain volves are opened. The riser and
downcomer, surge tanks, and panels are then filled from the bottom upward.

During filling, pressure in the warm surge tank increases to control its fluid level as
the parels and hot surge tank fill. Completion of fill is verified by level in the hot
salt surge tank which is at the high point in the system. When filling is complete,

vent ond drain valves are ciosed ond salt in lines which are not in the operating

panel flow paths is drainéd into the drain sump.

Morning or warm startup begins with panels full and receiver doors closed. Sait
circulation is initiated. The doors are then opened and a few heliostats are rapidly
focused onto the receiver. Then the remaining heliostats are focused on the
receiver,

During normal! operation, the design salt outlet temperature is controlied by varying
flowrates in response to input power, as discussed in Section IV.D.3. During cloud
transients, the receiver is operated normally until a predetermined minimum outlet
flow rate is reached. Then temperature control ceases and the receiver continues
to operate at the minimum flow rate. When the outlet temperature falls below
design specification, salt is circulated either to the warm surge tank (for a short
duration) or to the warm storage tank for longer periods. When salt outlet
temperature returns fo the required value, flow rate modulation resumes and the
salt is supplied to the hot storage tank. When dictated by wegather or storage tank
conditions, extended periods of low flowrate operations are terminated and warm
shutdown is initiated.

Overnight or warm shutdown begins with the field defocusing and the receiver doors
closing. Salt stays in the receiver ponels and is kept hot by the thermal
conditioning equipment. Emergency shutdown occurs when receiver flow or flow
control is lost because of pump, contro! system, or power failures or after collector
field failures caused by power or control system failures. When a flow-related
failure is detected, the field is defocused while the warm surge tank empties under
pressure, The receiver doors close (under gravity load if power has failed). Based
on salt receiver operating experience at the DOE/Sandia CRTF, a limited amount
of time (several minutes) is available after the doors are closed before salt must be
drained. During this time, assessment of the problem is made ond appropriate
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action taken, I it is not possibie t¢ maintain molten salt in the panels, the panels
gre drained to the warm surge fank. Once the panels are drained, an additional
hour or more is cvailable to determine whether it is necessary to drain al! salt back
into +he storage tanks and go o @ cold shutdown condition.

In the event of collector field failure, maximum salt flow rote is initicted in the
ponels to prevent overheating while all operabie heliostats are removed from the
receiver. During this time, panel and flow temperatures are monitored ond
receiver doors are closed if unsafe temperatures are detectec.

IV-E. RECEIVER TOWERS

Two reinforced concrete towers are provided to support the two solar receivers. Each
tower is ¢ holiow, slightly tapered cylinder, similar to @ concrete chimney and will be
designed and constructed with conventional technology. Tentative cimensions are:

o Height 585 feet
° Outside diameter: . top 71 feet
bottom 86 feet
o Wall thickness varies, 13 1/2 to |5 inches
o Foundation 105 foot octagon,
é feet thick

A 16 inch diameter carbon steel riser pipe inside each tower carries the warm salt to the
receiver while |2 inch stainless steel downcomer carries the hot salt down. A staircase,
access platforms, elevator and lighting are provided inside the tower for maintenance of
the pipelines and access to the top. (See Figure IV.A.18) A work platform is also
provided on top of the tower,

An open steel framework, 160 feet high, supports the receiver and associated equipment
above the tower. A staircase, access platforms, aircraft obstruction lights, electric
power and bridge crane are provided. The bridge crane is supported near the top of the
steel framework. It has a capacity of 10 tons and is used to erect the receiver and for
subsequent maintenance. The crane hoist is provided with 730 feet of lift so that items
can be raised from or lowered to grade level, inside the fower.

V-F. THERMAL STORAGE AND TRANSPORT

I. Functional Description

d. General

The thermal storage and transport system provides storage for a portion of
the collected energy and tramsports the energy between the receivers,
storage tanks and the steam generator. The system consists of the molfen
salt receiver coolant, two storage tanks (one for hot salt at 1050°F and one
for warm salt at 550°F), a receiver pipe loop and a steam generator looop.
The receiver loop consists of a set of pumps and piping which carry 550°F
salt from the warm tank up the towers to the two receivers and additional
piping which takes |050°F salt from the receivers to the hot tank. The
steam generator loop has a set of pumps and piping which carry 1050°F salt
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from the hot tank to the steam generator and additional piping which fakes
550°F salt from the steam generafor to the warm tank.

The static head of the hot salt in the receiver downcomers is dissipated in
throttle wvalves prior to discharge into the atmospheric pressure hot salt
tank. An option is available for by-passing receiver downcomer flow around
the hot tank directly to the steam generator. This avoids the necessity of
operating the steam generator pumps and permits a corresponding savings in

‘auxiliary power, This operating option is exercised only during clear weather

when it is not possible for receiver transients, due fo cloud passage, fo be
transmitfed to the turbine,

The thermal transport and storage system has o number of features which
are discussed beiow. They include:

Lo} Drainability

o} Heat tracing of all lines and components.

o Enciosed cover gas system.

o Mini-flow loops for pump protection.

o Auxiliary fossil heater for freeze protection and use in initial salt

charging operation.
o Blending tee for controlied mixing of warm and hot salt during steam
generator start up.

(o] Make up salt charging sys"rem.
All of these features are shown in the flow diagram on Figure IV.A.3.
Coolant

Fifty six million pounds of molten nitrate salt, 60% potassium nitrate, and
40% sodium nifrote, are used as the receiver coolant,

Drainoge

All lines are sloped to provide complete drainage from the receiver ond
steam generator to the storage tanks. A drain sump tank is located at the
bottom of the pump pit. During normal operation the drain sump pumps
return receiver and steam generator pump sea! leakage to the warm salt
storage tonk. The drain pumps also provide the capability for pumping the
entire system salt inventory info either of the two storage tanks.

Heat Tracing

All lines and components are elecirically heat traced. The heat tracing is
used to preheat equipment prior to the introduction of molten salt and to
reduce salt cooldown during overnight standby, as required. It will also be
used to melt frozen salt in pipes and components, if required.

1v-567




Jo

Mini-Flow Loops and Auxiligrv Hegter

in order to avoid pump damage from prolonged operation at very small fiow
rates, mini-flow loobs ore provided around the pumps. They return flow to
the sudply tank as necessarv to sustain the minimum fiow required tnrough
the pumps. The receiver and steam generator pump mini=-flow loops shown in
Figure [V.A.3 haove valving arrangements which permit inclusion of an
auxiliary fossil heater. This heater is available for heating the salt in either
jonk., The mini-flow loops are potential locations for salt contaminant
remowval equinment, should they ever be needed.

Tanks

The hot sclt tank stores sufficient salt from the reciever, cf 1050°F, to
operate the turbine generator plant at maximum capacity for nine hours.
The warm tank stores the salt, at 550°F, after it has gone through the steam
generator prior to being pumped back through the receivers.

Cover Gas Svstem

A cover gas is used above fthe salt in both storage tanks to avoid
contamination of the salt. The cover gas is air from which moisture and
carbon dioxide have been removed by dessicant tvpe air dryers and activated
carbon filters. The upper portions of the tanks, above the highest salt levels,
are connected to each other and to an ulloge tank, which maintains the cover
gas pressure slightly above atmospheric, and cllows the cover gas to move
freely between the tanks, as the salt levels go up and down. All salt-qir
interface cavities in the system are vented to this enclosed atmospheric
pressure air supply, including the pump seal! cavities and the drain sump. The
ullage tank has a moveable diaphragm which separates the cover gos from
atmospheric air. -

Sait Temperature Blending

A blending tee is provided fo permit a controlied mixing of warm and hot
salt delivered to the steam generator during startups which follow an
extended shutdown period. The mixing permits programing of sait
temperature at o rate within the I50°F per hour limitation of the steam
generator. For normal overnight shutdown hot salt is kept in the steam
generator supply line maintaining the steam generator at or near operating
temperature.

Salt Makeup

Makeup salt. requirements are provided by means of a pneumatic system
which blows salt prill o o hopper on top of the warm salt tank. The
prneumatic system uses air from the warm salt tank and discharges salt ihto
the tank where it is melted.

Charging Procedure

The initial charging of the sait inven?ofy is done by the salt suppiier, The

cost of this service is included in the cost of the salt. Prior to charging, -

however, the warm salt tank is heated to a temperature of 550°F with heat
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tracing on the fonk ceiling, on the walls and in the soil beneath the tank.
The heat fracing is designed to preheat the tank &t 59F per hour. This
cradua! rate of heating brings the tank to 550°F in about four days and
avoids the occurrence of large temperature differences and thermal stresses.

The heating beneath the tank prevents the thermal mass of the soil from
causine thermal gradients between the fank bottor and the tank walis ond
top.

Once the warm tfank is at 550°F, the salt melter is provided its initial charge
of salt and the filling process begins; it will take approximately 90 days to
£ill the tank. When the warm tank is near twenty percent full, the hot tank
is preheated to 550°F over a period of four days just as the warm tank was
previously. The receiver pumps are then primed with 550°F salt from the
warm tank and approximately ten percent of the design inventory is
sransferred fo the hot tank. The steam generator pumps are primed with
5500F sqit from the hot tonk ond pump mini-flow through the auxiliary fossil
heater is established. The fossil heater is fired ot the rate required to bring
the hot tank from 550°F to 1050°F in approximately four days. Natura!
convection and radiation cause the unwetted tank walls ond roof
temperatures to closely track (within |0°F) the temperature of the salt. The
fossil heater can thereafter be used to heat salt from the warm tank or the
hot tonk as needed to keep either supply from falling below rated
temperature. This capability is used for temperature maintenance during
prolonged periods of cloudy weather. :

Freeze Protection

Coleulations based on the conservative assumption of no Iateral migration of
¢ooled fluid indicate the following: When the salt lines fo the receiver and
steam generator are filled and the system is shutdown at night, normal heat
loss causes cooling of a almost 8°F per hour for the insulated hot piping and
about 3°F per hour for insulated warm piping. If cliowed to continue
cooling, salt in the 12 inch hot pipe would begin to freeze in about three davs
and would be completely frozen in eight days. Salt in the 16 inch warm salt
lines would commence freezing in one and half days and would be completely
frozen in e€ight days. These cooling rates indicate that overnight operation
of the heat tracing may not be necessary except possibly at the base .of
vertical runs of the warm salt piping.

Upon lengthy shutdown due to cloudy weather, the salt can be maintained at
tempercture by means of the electric heat tracing. If the cloudy weather
persists, the salt may be drained to the tanks. In the tanks, if permitted, the
warm salt would cool to the freezing temperature (430°F) in approximately
three months. 1t would take well over six months for the salt in the hot tank
to begin to freeze. Maintenance of salt temperature in the tanks is possible
by means of heat fracing, mini-flow pump recirculation with heat from
pumping losses, and mini-flow pump recirculation with heat from the
auxiliary fossil heater. The many redundant defenses against freezing make
the likelihood of such an occurrence essentially nil. Nevertheless, should
freezing ever occur, the tank heat tracing system is capable of thawing out a
frozen system. The major function of the pipe and tank heat tracing systems
is the required preheating prior to charging with salt.

1v-68



3.

General Arrangement

The plant general arrangement is shown in the Figure IV.A.| Plot Plan and in the
Figure IV.A.13 and 14 General Arrangement drawings.

The major salt loop equipment is shown east of the turbine-generator. The steam
generator is closest to the turbine generator. The warm and hot salt tenks are east
of the steam generator. The pumping pit, containing the receiver pumps, steam
generator pumps and the salt drain sump system, is located between the tanks and
the steam generator. One set of warm ond hot salt lines supply a receiver located’
over 600 f+. above grade on the tower gt the southern edge of the power block.
Another set of salt lines supply the second receiver located on another tfower,
4200 f1. to the north. The salt tanks are located within berms that are designed to
contain the entire salt inventory in event of a major spill. The cover gas tank,
makeup salt storage bins and the salt charging area are located next to the warm
salt tank just outside of the berm. The auxiliary oil fired salt heater is adjocent to
the pump pit.

Component Description

a. Salt Storage Tanks

The storage tanks are shown on Figures IV.A.18 and 19. The major features
of the storage tanks are:

Warm Tonk Hot Tank

Salt temperature, o 550 1050
Maximum gperating 414,450 454,330
volume, f1~
Maximum salt storage 3 467,850 467,850
at 550°F (nonoperational), ft
Material Carbon steel, Stainless steel,

' SA516-Gr. 70 type 316
Diameter, ft 120 120
Height to spring line, ft _ Ly 44
Plate thickness, inches . /4101 1/2 /6102 1/2

-

Each tank is supported on a sand foundation, enclosed by a concrete ring
wall. Refractory concrete is used as required. Provisions are made for
thermal expansion of the tanks.

b. Cover Gas Tank

The cover gas fank is 64 feet in diameter by 48 feet high to the spring line.
It is supported on a ringwall foundation. The tank is manufactured from
carbon steel plate. Gas containment volume is varied by means of a
counterweighted piston which maintains the air pressure at 0.1 = 0.1 psig.

c. Molten Salt Pumps

The receiver ond steam generator feed pumps are vertical, multi-stage
pumps, similar to those used in condenser hotwell service. Shaft sealing is
by throttie bushings; throttle bushing leakoge is routed to the sump tank and
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pumped from there to the warm storage tank, Three-half capacity pumps,
two operating and one on standby, supply hot salt to the steam generator.
Similarly, two banks of three-ha!f capacity pumps supply warm salt to each
of the receivers. Pumps requirements are given below.

Number Required

Head, fi.
Capacity, gpm

Fluid Tempercfure,g't:
Fluid Density, Ib/ft
Viscosity, cp

Stages

Materials

d. Pipelines

Warm Sait Pumps

Hot Salt Pumps

North South
Receiver Receiver
3 half 3 half 3 half
capacity capacity capacity
1042 2°4°
3212 2690
550 1050
107.6 107.6 {18.9
3.50 .13
7 3
31€SS impelier 31655
C.S. bowls

The main warm and hot salt transport lines are 16 inch and 12 inch diameter,
respectively. The warm pipelines are manufactured from carbon steel; the
hot pipe from type 316 stainless steel. The lines are iooped to facilitate

thermal expansion.

Piping specifications are given below.

Warm Salt Piping Specification

Design Pressure PSIG
Design Temperature, °F
Pipe Material

Code

Pipe Size

Weight Per Foot Lb.
Pipe
Salt

South
Receiver

Supply
860

575

AlOé, GR. C
ANSI B31.1

16 inch
Scheduie 60

108
140
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North
Receiver
Supply
1,045

575
Al06, GR. C
ANSI B3I.1

16 inch
Schedule 80

137
133

Piping support details are shown in Figure IV.A.l5.

Steam
Generator

Return

70
575

A106, GR. C
ANS| B3l |

14 inch
Scheduie 20

46
116



insularion 27
Total 275
insulation
Type Caicium Silicate
Thickness, Inch 4
Heat Loss, W/Ft, 77
Biu/hr-ft 284
Salt Temperature °F 550

Hot Salt Piping Specification

South
Receiver
Return
Design Pressure, PSIG 545
Design Temperature, °F 1,100
Pipe Material A312 (31655)
Code ANSI B3l.1
Pipe Size 12 inch
Schedule 60
Weight Per Foot, Lb.
Pipe 73
Salt 88
Insulation 35
Total - 196
insulation
Type Calcium Silicate
Thichness, Inch 6
1v-62

27

Calcium Silicate

4
77
284

550

North
Receiver

Return

610

1,100
A312 (316S5)
ANS| B31.1

|2 inch
Schedule 60

89

35
208

Calcium Silicate

é

20
182

Calcium Siiicate

4
70
237

550

Steam
Generator

Supply
220

1,100
A312 (3165S)

"ANS! B31.1

12 inch .
Schedule 30

25
35
174

Calciurﬁ Silicate

6
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Heat Loss, W/T1. 119 149 119

Btu/hr-ft 407 407 407

Salt Temperature °F {,050 [,050 {1,050
e.  Insulation

IV-G.

‘2.

The molten salt pipe lines are insulated as follows:

Warm pipe 4 inches calcium silicate
Hot pipe é inches calcium silicate

The storage tanks are insulated as follows:

Warm tank 4 inches fiberglass

Hot tank 3 inches calcium silicate,
inner layers, plus
5 inches fiberglass,
outer layers

insulation on pipe and tank walls is profected by aluminum cladding, .016 and
0.24 inches thick, respectively. The wall cladding will consists of corrugated
sheets. The fank roofs will be protected by 3/16 inch carbon steel plate,
with welded seams.

STEAM GENERATOR SYSTEM

Functional Description

The steam generator system receives hot molten salt from the receiver or hot
storage tank to produce superheated steam for use in the steam and condensate
system. The warm salt exiting from the steam generator is sent to the warm
storage tank for cycling to the receiver system. ’

The steam generator system consists of four separate heat exchangers (preheater,
evaporator with integral steam drum, superheater and reheater) and the flow
distribution ond control elements (interconnecting piping, pumps, valves and
controls). All four heat exchangers are of the straight-tube type with salt on the
shell side and steam/water on the tube side. The preheater, superheater, and
reheater are counterflow heat exchangers; the evaporator is a paraliel-flow heat
exchanger. A steam drum is located atop the evaporator fo separate evaporated
steam from the water. The steam generator system interfaces with the plant
control system as well as the thermal transport and storage and the steam and
‘condensate systems. Electrical power and other support is provided by the balance
of plant system. '

General Arrangement

The steam generator system heat exchangers are jocated between the molten salt
storage tanks ond the turbine generator in the arrangement shown on the power
block plan, Figure IV.A.13.
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The heat exchangers are iocated close to the turbine to minimize the run lengths of
high pressure stecm piping. The superheater and reneater are located on the side
ciosest to the turbine, .

The heat exchangers are hung from a steel beam superstructure. A catch basin
(berm) surrounds the heat exchangers to contain a salt leak.

vajor Component Descripiions

c.

Heat Exchangers

The heat exchangers are the straight-tube, singie-pass, shell-and-tube type,
each with a floating lower steam/water inlet head and double segmenta!l
baffles. An expansion bellows welded fo the fower shell head and the
steam/water inlet nozzle permits differential expansion between the tube
bundle and the shell., Figures IV.G.| through IV.G4 illustrate the prehecter,
evaporator, superheater, and reheater designs. The superheater and rehecter
are built of Type 304 stainless steel. The preheater is made of carbon steel
and the evaporator of 1-1/4% CR-1/2%Mo (T-11) material.

The designs of the preheater, superheater, and reheater are similar in that
hot salt enters on upper mozzie located in a flared-out section of the
exchanger shell that forms an onnular space-with a shroud surrounding the
tube bundle in the flared area. The shroud acts as an impingement plate anc
is circumferentially slotted to distribute salt uniformly fo the tube bundle.
Sufficient space is provided between the nozzle and distributor slots to
create a uniform flow pattern, After passing through the distributor siots
the salt flows downward through the tube bundie and out of the exchanger
through a nozzle lozated in the shell head. Tie-rods attached to the upper
tubesheet support the double segmental baffles, which function as tube
support plates to suppress vibration and buckling. Heat-transfer tubes are
welded to the face of the tube-sheet using the filiet welds. The superheater
ond reheater are vertically hung from a support skirt welded to the shell
near the upper tubesheet, The preheater is vertically hung from lugs wejded
to the exchanger shell.

The evaporator design is similar to the preheater, superheater, and reheater
designs except for the following:

o Steam/water discharges info a vertical drum mounted on top of the
evaporator.

o Hot salt enters through a nozzle in the flared-out secton of the shell
at the bottom of the unit and leaves through the upper nozzle located
in the shell.

The vertical steam drum, which is designed as on integral: part of the
evaporator, is equipped with spiral arm separators and box type chevron
dryers to provide dry, saturated steam. Feedwater enters the steam drum
through a toroidal distribution pipe positioned below the drum-water level.
Blowdown and chemical feed lines control the concentration levels of
impurities in the evaporator water, A steam line feeding the first stoge
feedwater hegter is attached directly to the steam drum. A manway is
provided fo gain access to the upper tubesheet for maintenance.
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[Figure IV. G. 1. Salt Preheater Heat Exchanger
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C. Flow Distribution and Coniro!

4 schematic of the steam generator system is shown on Figure IV.G.5. The
control valves ancd their functions are shown on Table IV.G.l. Salt from the
hot storage tank enters the sysiem ot |05C°F and flows in paraliel through
the superheater and reheater. After transferring heat to the reheat and
main steam, the salt streams exiting from the reheater aond superheater
combine with a bypass hot-salt steam ond enter the evaporator, where the
hot salt gives up heat to evaporate water, The salt is then routed fo the
preheater where the feedwater is heated. Warm salt leaves the preheater at
approximately 550°F.
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Figure IV.G.5. Steam Generator System Schematic

|

A feedwater pump supplies treated water preheated 1o 460°F to the
preheater, where it is heated fo nearly saturation before entering the
evaporator,  Saturated steam is generated in the natural-circulation
evaporator and routed to the superheater, where it is superheated before
passing to the high-pressure turbine for power generation, Intermediate
pressure steamn from the turbine is brought to the reheater for superheating
and sent to the intermedicte-pressure turbine. The exiting steam goes to
condenser, and the condensed water is then recycled through the feedwater
pump and feedwater heater train.

|
-

Feedwater is maintained at a temperature above the salt freezing point,
430°F, during startup and part-iood operation by regulating drum steam to
the first stage feedwater heater. A fossil-fired heater is provided for cold
startup feedwater heating. A drum water recirculaton pump circulates
water through the fossil-heater during cold startup. A warm-salt
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TABLE IV.G.!
SOLAR STAND-ALONE STEAM GENERATOR
SYSTENV. CONTROL VALVES

Vaive Function

Feedwater Shutoff

Water Recirculation Control
Cold Reheat Steam Shutoff
Superheater Steam Shutoff
Rehecter Steam Shutoff
Rehecter Turbine Bypass
Superheater Turbine Bypass
Drum Steam Shutoff

Drum Steam Condenser Bypass
Drum Steam Letdown

Salt Shutoff to Reheater and Superheater
##| Feedwater Preheater Peg Steam Control
Warm Salt Flow Control

Salt Bypass Control

Reheater Salt Flow Control

Superheater Salt Flow Control

Hot Salt Shutoff

Total Salt Fiow Control

Condenser Bypass

Deaqerator Bypass

Start-Up Evaporator Water Flow

Hot Salt Start-Up Bypass

Feedwater Start-Up Bypass

=
N-<-;<c~iw;unzgr*7<c.——:[onmonwa_>
N

recirculation pump controls the temperature of salt entering the system by
blending with hot salt during unit startup and shutdown.

c. Control System

The control system for the steam generator system uses interiocking
controls to ensure safe and stable performance of the system over its
operating range. i d_by
reguxLe*mgﬂrhe—sufrﬂow*fhrovgh*rhemerheuferbTodwsﬁng’ its salt outlet
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—valve,i A sacturated steam spray from the steam drum jo the superheater
“outier is used for emergency temperature control. (Reheaf sfeam
femperature | MWWT
salt fiow _fhrough the reheafer, A spray atfemperature is located at the
reheater steam inlet for secondary controi. Superheater_outlei pressure s
TomtT by _the total salf Tlow (firing rate) A bypass valve that bypasses
hot salt around the superheater and reheater to the evaporator provides the
ability to regulate total salt flow independent of superheater and reheater
salt flow. Tne flow of feedwater to the steam generagfor sysiem is
controlied by signals from the feedwater flow, superheater steam flow and

drum-water jevel,

b
1

The steam generator and furbine will operate in a sliding pressure mode
above apoproximately 35% output. Above 35% load, the turbine throttie
valves are wide open and turbine output is controlled by steam generator
outlet pressure. Main steam pressure is confrolied by varying the steam

drum pressure, 5o by the sait flow rate, which

1

B . ; —— s - _—_— \
| . ! . . ! '
. : H f | . '

is equivalent to drum ﬁ;essure “control by firing rate in a fossil system.

/_fhe action of the
; ibed. Figure 1V.G.6

indicates the basic control relationships. A varigtion of the standard
integrated boiler-turbine-generator contfrol system is used. The drum
maintains a constant pressure of about 700 psi when the turbine load is below
35%. Drum pressure is ramped-up with load to 100%. The ramp rate is
controlled to keep the superheater iniet temperature ramp rate bejow
I50°F/hour.  Figure IV.G.7 shows the standard three-element control
diagram for the feedwater. Figures IV.G.8, 9 and 10 show the detail control
diagram for the boiler, superheater, reheater, and bypass salt flow controls.

d. Auxiliary Support Equipment

Electric frace heating is provided on all steam generator components
containing molten ‘salt. The trace heaters are sized fo preheat the unit

{ Mepawatt
Load

[ Control

|

!

Load >35% ‘ |
PConst — v Q=== Logd >35%
Throttle
Pressure
1
Conitro Losd >35%
Boiler perheater T Turbme -
Contro! inlet Generator
ITemperatur Control
Turbine
Evaporator Vaive
gezt;::,alter Sait Flow . Contro!
© Control
Figure IV.G.6. Control Relationships
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Figure 1V.G.7. Feedwater Control
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Figure 1V.G.8. Superhester, Reheater Temperature Control
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¢ - 5 PID ve Piant
Load set O \ Aligorithm - T
point Load >35%
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Figure [V.G.8. Boeiler Control
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Figure 1V.G.10. Sait Bypass \alve Control
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initially and to compensate for ambient heat losses during warm standby.
Insuletion and lagging are provided on all components that might be o danger
1o personne! and on all components that are potential sources for significant
heat loss, Safety wales are provided on the preheater outlet, steam drum,
superheater outiet, and reheater inlet and outlet as required by the ASME
code, Rupture discs in the salt inlet and outlet of each heat exchonger
prevent overpressuring of the exchanger shell in the event of a tube leak.
The lines from the rupture discs dump fo the sump., Spray control devices
are used to prevent showering the area with hot salt. All steam/water and
salt components can be fully drained. Salt drains from the steam generator
system to a sump, from which it is pumped back to the warm storage tank.

System Support Requirements

The water treatment facility in the steam and condensate system will maintain the
desired quality of feedwater entering the steam generator system, Considering the
steam c-um operating pressure in this application, the maximum limits on critical
impurities in the feedwater are:

o Total hardness, Caco3 = 0 ppm
o Organics = 0 ppm
o pH = 85109.2
' nonferrous tubes
in heaters

= 92 to0 9.6 steel
tubes in heaters

) Oxygen = 0.077 ppm
() Silica = 0.02 ppm
o Iron = 0.0 ppm
o Copper = 0.005 ppm
o Hydrazine, as NoHy, = 0.02 ppm

The concentration of impurities in the evaporator water are limited by continuous
blowdown from the drum. A blowdown rate of 0.5% is used in the design.

Cleon dry air at 100 psig is required for instrumentation and pneumatic control.
Fossil fuel is required for the feedwater heater during cold startup. A salt sump
tank is required to store the salt contents of all heat exchanger components and
interconnecting salt piping. A salt sump pump is provided to circulate salt back to
the warm storage tank.

Electric power is required to operate the recirculation pumps, heat tracing, and
instrumentation and controls. Two identical pumps, each sized for 100% capacity,
are used in the recirculation loop for redundancy. Motor rating of each pump is
20 HP. The trace heating load is estimated to be approximately 200 kW.
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Ooergtional Features

team generator operations inciude cold startup, warm (or morning) startup, sliding

pressure operation, normal operciion, iow power operction, warm standbdy, and coid

shutdown. The coid starfup procedure is illusiratec on Figure IV.G.1l. This
precedure is manualiy controliec.

{1681 psig: Drum Pressure

X X X=X X=X P L

X 10509F
/ 8h Pressurel X—x/
. . K emwmns){ S psig / »X 10080F

v, 7
& X »X etb‘; X X g750¢F
<

Tempeiatine, Moessine, Flow
———— .>< —

& e
e‘*@ X-X/
ssr Sl oS " T 7600F
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X X=X X=X X o X 5OCCF
/ /
X* ag00F //
/ X 35%
X 2400F /
Steam Fiow
oo X BOOF x/x X=X X=X X o= X 5%
Fill Trace Agmic  |Admit | T }increase o| increase | & [ 2 -] Full Time
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with  |snd Gas | {8509F) |10 SH &; = 1Temp £ | Steam 22|s5| Mode
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eater Press. 22
PH.EV finSH |= = (Normel =%
Trace E Range
Heaters 3 for
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Stertup)

Figure IV.G.11. Cold Start-Up — 100-MWe Solar Stand-Alone SGS

The preheater and evaporator are filled with water until the desired drum-water
level is achieved. The recirculation pump is started to circulate water through the
preheater and evaporator at approximately 12" flow. A gas heater at the discharge
of the water recirculation pump is used to heat the water. The heated water passes
through the preheater and the evaporator. Water from the drum is routed back to

the recirculation pump.

Trace heaters are started; when required temperature conditions are established,
salt blended to approximately 650°F is admitted to the evaporator and preheater.

Salt flow is adjusted to obtain 55% steam flow at approximately 500°F. Feedwater
pump speed is regulated to maintain drum-water level. Steam from the drum is
used for heating feedwater and for initial turbine warmup. (Initial turbine warmup
takes approximately six hours.) Reduced-pressure steam: is admitted to the
superheater and reheater.

When temperature conditions are stabilized, pressure in the superheater is allowed
to rise to approximatley 68! psia. Salt at 650°F is admitted to the reheater and
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superneater (at 5% rated flow) fo generate 500°F saturated steam ot 5% flow.
Blendec salt temperature is increased ct the rate of 1 50°F /hour.

Steam temperature increases as a result of the increased salt temperature. Water
spravs maintain steam temperature entfering the reheater. When the main steam
temperature reaches 750-°F, turbine roll is initiated. High-pressure turbine exit
steam enters the reheater and reheater steam enters the intermediate-pressure
turbine. Rolling is established in approximately |5 minutes. The turbine is
synchronized when the main steam temperature is stabilized at 875°F,

The load and steam temperature and pressure are increased linearly to 25% (1005°F
and about 700 psia) by increasing the salt temperature to 1050°F and salt flow to
its 35% wvalue. Turbine valves are full open at 35% load. The load is increased at
the rate of 3%/minute while maintaining steam to turbine temperature differences
within specified limits.

Following stabilization at 35% load, control is transferred from the turbine throttle
valves to drum pressure end automatic control. This transfer is performed by the
operator.

The sliding pressure operating load range is from 35 to 100%. For siiding pressure
load operation, the feedwater flow to the preheater is controlied from the
superheated steam flow and drum-water level. Feedwater flow is adjusted to
maintain these parameters. To preclude salt freeze-up in the preheater, the
temperature of the feedwater entering the preheater is kept at 460°F minimum,
using drum steam feed to the No. | feedwater heater preheater. The prehected
water enfers the steam drum in the evaporator and is circulated, using natural
circulation, through the downcomer. Saturated steam from the steom drum at
4959F 1o 635°F enters the superheater, where it is superheated to 1005°F. The

‘superheated steam enters the high-pressure turbine to do work. A saturated steam

sproy from the steam drum exit to the superheater steam exit is used for
emergency temperature control. The superheated steam temperature is controlied
primarily by regulating the salt flow through the superheater. Superhecter outlet
pressure is maintained at the set point by controlling the superheater reheater salt
bypass. '

Steam from the high-pressure turbine exit enters the reheater. The reheated steam
exit temperature is controlied by salt flow through the reheater. Spray control at
the reheater inlet is also available to moderate the reheat steam exit
tempteature. All controls are on automatic during full- and part-load operation.

The stearn generafor system is designed to operate continuously at any load
between full and 35%. However, this mode is normally used only to transition to
and from full load operation at startup and shutdown. Load change between these
operating points is achieved by adjusting the feedwater and salt flows using the

- gutomatic control logic.

To increase load, salt flow is increased. The increased firing rate causes the drum
pressure to rise and increases steam flow to the turbine. This increase signals
increased feedwater flow. The higher steam flow also causes a reduction in drum-
water level. The reduced drum-water level combines with the increased steam flow
to demand higher feedwater flow. The increased load signal also adjusts salt bypass
in anticipation of the increased load. Superheater and reheater salt flow is
balanced for higher salt fiow.




Similar logic in reverse order is used for reduction in load. All load changes are
limited by the superheater steam iniet tempercture ramp rate limit of | 50°F /nour.

When full ioad is reached, primary sysiem confrol continues to rely on the drum
pressure. Hence, the fransition from sliding pressure control fo norma! opergtion is
automatic, once the drum pressure set point is reached.

Warm startup is similar to cold startup, except for the initial conditions. At the
beginning, all lines and heat exchangers cre full of salt and/or water/steam.
Temperatures are stabilized at some point consistent with an intermediate stage in
the ramping of the salt and steam temperatures to operating conditions. Usually,
the drum pressure is above the 700 psia desired for stertup.

The superheater and reheafer steam set points are matched to the warm turbine
temperature.

Following turbine roll and synchronization, the salt and steam temperatures are
ramped as with cold shutdown,
Tr—
The steam generator and turbine are normally operated at rated load at all times
cther than startup and shutdown. At rated load, the turbine-generator produces
110 MWe (gross). The steam generator provides main steamn af 1805 psia and
1005°F. The turbine returns reheat steam at 491 psia and 675°F. The reheater
provides reheat steam at 442 psia and |005°F to the turbine. Feedwater is supplied
to the preheater at 460°F and about 2000 psia. The system operates at steady
state. Attemporator flow o both the superheater and reheater is shut off. Figure
IV.G.12 shows the status of key operating parameters over the complete load
i profile.
When the hot-salt storage tank level reaches the one-hour mark, procedure is
initiated for daily (warm) shutdown. The steam generator system is brought down
at o rate governed by the, 150°F /hour superheater inlet temperature ramp rate to

35% Joad and at 2%/minyte beyond that. The steam generator is tripped at 15%
loa The superheater $alt inlet and steam outlet temperatures are. 1050°F and
1005°F., The generator is isolated.

During the overnight shutdown period, the salt and steam reach @ common
temperature at every point in the sytem, The temperatures at the top and bottom
on the superheater are 1011°F and 770°F, respectively. The temperatures at the
other levels vary linearly between these values. The reheater salt and steam
temperature reaches 1003°F at the top and 761°F at the bottom. The turbine first-
stage temperature cools down to 925“@' during this period. The temperature of salt
and water in the preheater is 510°F at the bottom and 640°F at the top as a result
of cooldown.

Residual thermal energy in the sait causes evaporator temperature to rise. The
evaporator is isolated to prevent excessive loss of drum water. With the evaporator
isolated, the temperature and pressure will rise to 572°F ond 1244 psia,
respectively.

Trace heating is inifiated on the preheater inlet to-maintain of Teast ST0°F
< The—evaporator does-not _require_trace heating for overnight-hold;butdoes-require

“it-if-not-started for two consecutive days. The rehecter will require-trace heating-
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@rreighi-day- shufdown.

- In the event of a turbine trip, the steam generator executes a rapid shutdown, Salt

flow is terminated ot a controlied rate. Steam is shut off to the superheater and
reheater. Excess pressure in the superheater and reheater is bled off by automatic
control and the preheater and evaporator are isolated.

The evaporator pressure fends fo rise above the design point of 1955 psic.
Automatic control prevents evaporator overpressure. Feedwater flow is resumed fo
prevent low water level as drum steam is vented.

As in the case of warm shutdown, the preheater requires trace heating. The
remaining heat exchangers will not require trace heating uniess there are several
consecutive days of shutdowns.

Shutdown to cold conditions begins at warm standby and terminates in long-term
cold shutdown of the steam generator system in a cold, dry, ambient state.

Trace heaters are shut off and salt is drained from the steam generator system. All
salt-side drain and vent valves in the heat exchangers and the piping are opened.
The salt is collected and routed to the warm-salt tank. The salt side of the steam
generator system is then purged with nitrogen and drain and vent valves are closed,
leaving a nitrogen blanket on the salt side of the steam generator system.
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Water is drained from the steam generctor cfter the salt-side draining has been
completed. Steam is blown to the condenser. After atmospheric pressure is
achievec, the system is purged with nitrogen ancd all drain and vent valves are
closed, leaving nifrogen on the steam/water-sice of the heat exchangers cnd
sining. The system is aliowec fo cool down to ambient conditions. Niore nitrogen is
supplied to keep pressure slightly above atmespheric.

STEANM AND CONDENSATE SYSTEM

Functional Description

The steam ond condensate system is a traditional rankine power cycle that is
typically found in fossil and nuciear stations. Steam is generatec in the steam
generator at a rate of approximately 742,000 lbs/hr at 1800 psig anc 1000°F., The
steam is then expanded through the turbine fo produce shaft works which in turn
drive the generator to produce 100 MWe (gross). The heat source for the steam
generator is the hot receiver fluid which is recirculated to the tower (or storage

tanks).

The steam is condensed in a conventional shell and tube condenser and the resulting
condensate is then pumped through a string of five feedwater heaters including a
degerator. The condensate is then fed back to the steam generator at a
temperature of 460°F to complete the steam and condensate process. A heat and
mass balance is shown in Figure IV.A.Il. As noted, the net turbine heat rate is
9,320 Btu/kW. This heat rate is defined as the amount of heat contained in steam
divided by the eguivalent net power generated. It is therefore exciusive of any
solar losses such as collector field losses or receiver/salt piping losses.

General Arrangement

The layout of the steam and condensate system is depicted in Figure IV.A.13. The
site of the power block was selected to minimize piping and transmission lines. As
noted, both collector fields will be located north of their respective power blocks.

Major Component Description

The major equipment of the steam and condensate system can be categorized into
three major topics:

° Turbine

c F eedwater/Condensate System
o Condenser .

a. Turbine

It is assumed that the turbine will be started up and shutdown every day
during 30 years plant life. Accordingly, it is very important to select a
properly designed turbine to meet this requirement. The thermal stress
caused by two-shift operation and the low-cycle fatigue must be minimized
by design measures. The turbine selected is a sliding pressure, tandem
compound, double-flow, reheat condensing unit rated at 110 MW at 2.5 in
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Hg4 back pressure when operating with inlet steam conditions of 1805 psic
anc 100597 and hot reheat steam conditions of 442 psic and 1003°F. The
turbine is designed for variable pressure full erc admission operation. The
initia! stoges are the reaction type. The absence of a control stage enhances
the machine operating reliability by avoiding the localized therma: and
mechanica!l stresses that occur as ¢ result of unsymmetrical steam admission
particularly of low loads. ‘

The concept of variable-pressure operaton is that the steam pressure is
ramped with load while the main and reheat steam temperatures are
maintained constant. The adventages of variable pressure operatior wit:
full arc admission are as follows:

e} The steam femperature ot each stage of HP turbine remains almost
constant in ¢ wide load range. The turbine low-cycie fatigue caused
by steam temperature variation during turbine startup ond shutdown,
therefore, can be avoided.

o) Low steam pressure results in a small heat transfer coefficient and
thus in lower thermal stress levels at the same temperature
differential between the steam and the metal components during
startup.

o} Low pressure at low furbine output unloads all cycie components
between the feedpump and the HP turbine, thus prolonging the life
span of the system components, and it reduces auxiliary power
requirements.

e} Because of the absence of the HP control stage, the net turbine-
generator heat rate is improved over the full partial load range (refer
to Figure IV.H. 1)

The thermodynamic implication of variable pressure operation in conjunction
with full arc admission and the constant pressure operation with nozzle
control are shown on the Mollier diagram, Figure [V.H.2. In the case of
constant pressure operation and nozzle control of the turbine, the
temperature of the steam behind the confrol stage drops by 82°F when the
load is decreased from 100 percent with four valves open to 32 percent with
one valve open. In the case of variable pressure operation with the turbine
valve wide open, however, the temperature at corresponding point remains
virtually constant over the same load change. The HP exhaust steam
tempercture rises very slightly as ioad is reduced from |00 percent fo
3¢ percent under variable pressure operating condition, whereas the
corresponding temperature of a same size turbine operated under
constant pressure condition sinks about 130°F over the same load range. The
almost constant cold reheat steam temperature would help the reheater to
maintain a constant hot reheat steam temperature.

The turbine is of tripie-tandem construction with an HP casing, an IP casing
and a double-flow LP casing. Each casing rests, completely separate from
the adjacent casings, on a bearing pedestal. Each rotor is supportied by two
bearings of its own. As a result, differing temperatures of the HP and IP
steam flows do not develop large temperature differentials in any single
casing. The rotors are machined from solid one-piece vacuum - degassed
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Figure [V.H.1. Net Heat Rate Differentials for Full-Arc Admission Turbines

forgings for avoiding the high operating stress caused by providing axial
througn-bores. The first critical speeds of HP and LP rotors lie well above
3600 RPM because of the short bearing span and the stiff rotor. Dynamic
stabijity is assured when the rofors are brought up to or down from
synchronous speed. The HP outer casing is a barrel-fype design. Because of
the symmetry of its cylindrical shape, large localized accumulations of
metal masses are avoided and thermal stresses due to temperature variations
are very dlow. The steam can be admifted into the annular spaces between
the outer and inner casings. The positive pressure acting on the outside
walls of the inner casing permits it to be designed with just a slender axial
joint that requires only reiatively light bolting.

The HP, IP and part of LP tfurbine blades are integrally shrouded reaction
type. The last several stages of LP turbine are free-standing blades. Being
completely devoid of the attachments of any kind, neither types of blades
are’subjected to the stress risers associafed with riveted-shroud bands and
lashing wiring. ’

The steam-strainers are installed into the main and hot reheat steam pipes
upstream of the control stop valves. The valve bodies are compact and
symmetrical, thereby minimizing stress leveis. The valve cones and stems
are protected by guide sleeves to safeguard them against temperature shocks
due to possible steam generafor upsets. The IP turbine control valves also
exercise a throttling control function at low steam flows, the precision and
stability of speed and low-load operation is greatly enhanced.
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k.

£ eedwater/Condensate System

The condensate and feedwater systems consist of the pumps, piping, heaters
and controls in the fluid systems supplying the steam generator with heated,
deaerated, and chemicclly treated water. The condensate system is the low
pressure portion of the system from the condenser to the boiler feed pump
suction flanges. The feedwater system is the high pressure portion of the
system from the boiler feed pump suction flanges to the preheater inlet.
The condenser air removal system is the air and vacuum system from the
condenser air off-take connection through the air ejectors to the
atmospheric exhaust flanges. The condensate ond feedwater system is
illustrated in Figure IV.A.l ] "Heat and Mass Balance."

1) Condensate System

Condensate from the condensed turbine exhaust together with
cascaded heater drains and miscellaneous equipment drains and vents
is pumped from the condenser hotwell by the condensate pump. A
separate suction line is installed from each half of the divided hotwell
with a crossover connecting the two lines so that either pump can
take suction from one or both halves of the hotwell.
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The discharge piping from the two condensate pumps is joined into
common header. A valved conneciion is providec in each condensate
pu=p discharge pipe through which the condensate can be discharged
to waste in the event of circulating water contamination or other
unsuitable condensate conditions. ir the control room pressure in the
condensate pump discharge header is indicated, low pressure is
annuncicted, and temperature is recorded. Hydrazine anc ammonia or
amine cre injected info the condensate header from separate lines
from the Chemical Feed System.

A connection is provided on the discharge header from which
condensate is autormatically drawn off to the distiliec water fanks
when the condenser hotwell level is high.

A service connection with branches is provided to supply high pressure
condensate for turbine exhaust hood spray, chemical feed, cooling
water makeup and fill; and, through a pressure reducing valve, to the
condensate pump seals, vacuum brecker, and fo miscellaneous vaive
seals. )

The condensate header branches to permit parallel flow through the
air ejectors and gland steam condenser and joins into @ common
header downstream of these units. The condensate flow is measured

by a flow element which operates the recirculation control valve

through a filow transmitter and flow controller fo maintain @ minimum
flow through this portion of the system. Condensate flow at this
point is recorded in the control room and flows beiow the set
minimum flow annunciated. The condensate then enters the No. 6
hecter, flows from the No. 6 to the No. 5 heater and from there to
the No. 4 heater and there to the No. 4 heater and then to the
deaerator where it is heated and deaerated by direct contact with

exiraction steams,

Feedwater System

The condensate leaves the deaerating (heater No. 3) storage tank iri a
common suction header and flows to the feedwater pumps where the
header suction temperature is indicated locally. A minimum flow
recirculation connection and a pump warm-up connection are provided
in the discharge of each feedwater pump.

Feedwater discharge header pressure is indicated in the control
room. Feedwater flow is measured by a flow element and the flow is
recorded in the control room and transmitted to the three element
feedwater control.

After flowing through the feedwater control valves and the No. 2 and

No. | heaters, the feedwater passes to the preheater inlet where-

temperature and pressure are indicated locally and recorded in the
control room.
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3) High and Low Pressure Heaters

The No. 5 and No. é low pressure hecters comprise the first two
stages of the regenerative cycle. The No. | and No. 2 nigh pressure
heaters comprise the last two stages of the six stage regenerative
feedwater heating cycle.

The heaters cre of the closed U-tube type, with provision for
removing the shell for maintenance and inspection of the tube
bundle. The high pressure heater has @ shrouded desuperheating
section and an internal drain cooling section. The condensate or
feedwater flows through the channels and tubes, and the extraction
steam an¢ drains flow through the shell around the tubes. Each
heater is supplied with inlet and outiet block valves and a bypass to
permit operation of the condensate and feedwater system with one or
two heaters out of service for maintenance. The extraction steam
lines to each of the heaters are provided with bleeder trip valves to
stop flow in the line in the event of a turbine trip sudden load
reduction or high condensate level in the heaters. The correct liquid
level in each heater is maintained by a control valve. Drains from the
No. | heater are cascaded to the No. 2 heater and drains from the
No. 2 heater are routed to the deaerator. Drains from the No. 4 and
No. 5 heaters are cascaded to the No. é heater and drains from the
No. 6 heater are pumped into the feedwater stream or returned to the
condensers. An alarm is sounded in the control room to signal high or
low level in any heater. Relief valves are provided to protect the
channels and shells of heaters from damage by overpressure. The
channel relief valves are of the low capacity type, which safeguard
against liquid expansion and relieve to atmosphere. The shell relief
valves are manifolded and directed to the boiler blowdown tank. Both
heaters can be blanketed with either nitrogen or steam when they are
out of service.

'‘Condensate or feedwater temperature entering each heater is
indicated locally. Extraction steam pressure and temperature at the
entrance to each heater are indicated locally, Heater shell pressure,
temperature, condensate level, and drain temperature are- also
indicated at the heaters.

Condensers

The turbine has two side exhausts discharging into twin condensers. These
condensers serve primarily to condense the turbine exhaust steam and retain
the condensate for a period of time before it is permitted to enier the
condensate system. The cascaded drains and vents from heaters No. 5 and 6,
the air ejector inter and after condenser drains, and makeup from the
distilled water tanks are all collected in the condenser. In addition, the
deaerator overflow, the condensate pump vents, all emergency feedwater
heater shell side dumps, and miscellaneous high and low pressure drains are
all routed to the condenser. The cascaded drains from heaters No. 2. and |
are also discharged into the condenser in the event of a high level condition
in the deaercting heater. -
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The condenser hotwelis have c condenscte retention capacity egual to
L minutes of maximum loaZ fiow. Condensate level in each hotwell is
indicated locally by leve! gauges cnd transmitted to remote indicators on the
recorder board in the contro! room. In addifion, ievel in one of the two
hotwelis, as chosen by operation of a seiecior valve, is recordec in the
conirol room. High and low level in eoch hotwell are ennunciated in the
control room. The level in the hotwell is maintained by the addition of
makeup from the distilled water tanks on low level or by diverting excess
condensate from the condensate pump discharge to the distilied water fanks
on high level. Condensate conductivity in each hotwell is recorded in the
control room and high conductivity is also aiarmed in the control room.
When the condensate conductivity exceeds the acceptable limit the
contaminated condensate is discharged to waste. Condenser vacuum anc
temperature are indicated locally and are also +ransmitted to and indicated
in the control room. The temperature of the condensate leaving each
notwell is indicated locally.

Tach condenser is of the horizontal two pass divided hotwell design, with
vertically divided waterboxes. Tubes are rolled into the tubesheets. E£xhaust
steam from the turbine flows sideward to each condenser. Steam which
reaches the lower portion of the tube bundies mixes intimately with the
condensate formed on the tubes above, resulfing in deceration and the
release of entrained gases. An air cooler section with its own air off-take
connection is provided in each condenser half.

All connections except the low level makeup connection from the distilled

. water tanks are brought into the condenser shell above the tube banks, or as

high as possible in the tube banks, in order to achieve maximum deaeration.
High velocity drains have baffle or impingement plates to prevent erosion of
tubes.

The cooling water side or the condenser is described under the Circulating
Water System Description.

Miscelloneous Equipment

There are, of course, more equipment and ancillary systems which augment
the steam and condensate system. However, all of this equipment is
conventional in design and is of no consequence to this conceptual study.

BALANCE OF PLANT SUBSYSTEMS

Cooling Water Description (Ref. Figure IV.A.7)

The cooling water system provides a closed loop arrangement in which treated
condensate is circulated by pumps through the shell side of a water to water heat
exchanger (where the heat is rejected to circulating water) then through the
auxiliary equipment requiring cooling and then back to the pumps. An atmospheric,
vented elevated surge tank, connected to the suction header of the pumps, provides
a reservoir to absorb thermal expansion of the fluid and pressurizes the entire
system.
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A chemica! feed is provided to prevent tne formction of scale within the svstem.
N.akeun for svster losses is automaticelly provided from the condensate system
through @ contro! valve which maintains the water |evel! in the surge tank.

Twe, |00 percent capacity pumps will be installed to provide circuiation throughout
the svsiem. Ore pump is normally in service and the other is on standby. Each
pump ic of the horizontal single stage centrifuac! type with doubie suction impellers
and directly connected to an induction type motor. Pump contro! is actucted from
the plant control room with pump start effected by manually turning the control
switch to "start'. The standby pump will start automatically on iow cooling water
pressure when its' confrol switch is on "Auto". Pumps are normally stopped
manualiv,

Two, singie unit capacity cooling water heat exchangers will be installec, with one
exchanger normally in service, the other serving as standdy. Each exchaonger is of
the horizontal straight tube, counter flow type, with removable tubes and floating
tube sheet. Cooling water passes through the shell side, circulating water through
the tubes.

One cooling water surge tank with o capacity of 1500 gellons is mounted upon an
elevated platform between the two heat exchangers fo serve the following
functions:

c. Provide a volume of water o accomodate surges in the closed cooling water
system,

b, Provide a column of water to maintain a constant suction head on the pumps
and insuring that all parts of the system are under a positive pressure at all
times.

Circulating Water System (Ref. Fioure IV.A.8)

The circulating water system provides circulating water to condense the furbine
exhaust, cool the turbine lube oil, the generator cooling gas and the cooling water
heat exchangers. The system consists of a mechanical draft, cooling tower, tower
basin and intake structure, two circulating water pumps, and the distribution
piping. The heat exchanger flow path is in parallel with the condenser shell flow
path. Makeup water to replace tower evaporation, drift and blowdown losses is
provided from the piont's service water system.

The cooling tower will be a three cell minimum draft mechanical draft tower of
either cross-flow or counter flow design. The tower will be erected on ¢ reinforced
concrete basin located 580 feet south of the turbine generator center~line.

The intake structure is an exfension of the cooling tower basin, projecting
approximately 40 feet beyond the north end of the cooling tower and will be
constructed integrally with the cooling tower basin. Removable screens and trash
racks will be installed within the intake structure to remove any solid matter that
might otherwise clog the pumps and condenser tubes. Stop logs will be provided for
insertion to stop flow when necessary.

Two, 50 percent capacity circulating water pumps will be provided and installed
within the cooling tower intake structure. Each pump will be of the vertical, single
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stoge, mixec fiow type, designec for wet pi* installation. Pump drivers will be
vertica!, solid shaft motors with wegtherproof enciosures.

A singie buried pipeiine, approximately 51 inches ir internal diameter will fransport
the water from the pump discharge manifolc to the condensers and return the water
to the cooling tower. Valving and expansion joints will be provided as needed for
fiows and pipe isoiation. The pipe will be constructed of one of the following pipe
designs:

le Carbon steel, cement mortar lined, coai tar coated or wrappec for exterier -
protection

2. Reinforced concrete, cylinder type or prestressed

3. Fiberglass reinforced plastic

Circulating water chemical control will be provided by the injection of sulfuric
acid, liguid dispersant and blowdown. Calcium carbonate scale formation wiil be
controlied by automctic feed of sulfuric acid. Silica and calcium sulfate scale
formation will be controlled by automatic adjustment of the system blowdown;
liquid dispersant further inhibits scale formation and enhances the coagulation of
suspended materials for removal by the blowdown system. A timer controllec
chlorination system will also be installed to automatically adjust chiorine feed for
system control of biological growth,

Compressed Air System (Ref. Figure [V.A.9)

A compressed air system will be provided to supply plent instrument air as well as
plant service air. The system will consist of three nonlubricated air compressors,
two of which will be available for operation at all times as demand dictates; the
remaining unit will be on ready standby.

The discharge of each compressor will be manifolded into @ common supply header
serving each of three air receivers. The outlet side of each receiver is manifolded
and serves twc branch lines, one fo the service air system, the other to the
instrument air supply system. The instrument air passes through one of the two
instrument air dryers where moisture is removed and then through one of two
instrument air filters where any remaining solid particles larger than 5 microns are
separated from the air. The instrument air header then divides into branches which
lead to various items of station equipment which are operated by instrument air.

Air supply to the stations service outlets passes through a back pressure control
valve which closes when air pressure falls to 80 psig thus protecting the instrument
air supply by sacrificing the service air demands. Branches from the service air,
header lead throughout the plant to provide service air connections where needed.
Each of the three compressors will be heavy duty, two stage double acting,
reciprocating type with water cooled, oil free cylinders ond teflon piston rings. The
compressors will be driven by direct connected induction motors. Each compressor
will be equipped with intake filter-silencer, intercooler, discharge pulsation
dampener and an after cooler equipped with moisture separator. Condensed
moisture is removed from the intercoolers and aftercoolers by drain fraps. Each
compressor will be cooled by treated condensate from the cooling water system,
which will flow through jackets in the cylinders and cylinder heads as well as
through the inter and after coolers.
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The compressors will be started and stopped from the control room. Selection of
the "lead" and "lag" unit will aiso be made from the control room. Each compressor
will be eguipped with automatic unloading and starting devices to permit
compressor start unioaded.

The three cir receivers will be of vertical axis cylindrical design. Connections will
be provided for air inlet and outlet, pressure gauge, relief valve, pressure controller
and drain. A drain trap will be provided for moisture removal.

Two refrigerant type instrument dryers will .be provided fo remove moisture from
+he instrument air. One dryer is normally in service with the other in standby. One
dryer will include an electric motor driven compressor, a refrigerant-to-air
exchanger, evaporator thermostat, air-to-air heat exchanger and moisture fraps.
Dryer units will be startec and stopped locally.

Two instrument air filters will be installed, arranged for parallel opércﬁon.
Nermally one filter wiil be operational and the other on standby. tach filter will be
equipped with removable, reusable filter elements.

Chemical Feed Systems (Ref. Figure I1V.A.10)

The chemical feed systems will be installed to deliver and inject chemical solutions
of the proper concentration and quantity where same are required to inhibit scaling
and/or corrosion of the internal surfaces of the equipment and piping.

The systems to be included are:

a. A high pressure system for intermittent direct injection into the feedwater
piping, immediately downstream of the steam generator, of chemicals used
to prevent acidic corrosion, possible scaling and caustic metal
embrittiement.

- b. A low pressure system for the continuous injection of neutralizing and

scavenging chemicals into the condensate system.

The sodium phosphate (high pressure) system consists of a dissolving funnel for the
blending of dibasic sodium phosphate powder with demineralized water
(condensate); ¢ mixing tank; two 100 percent capacity phosphate feed pumps
connecting piping from the tank through the pump to a chemical feed discharge
header, a flushing system and a mixing water system.

The hydrazine or oxygen scavenging (low pressure) system consists of a tank for
dilution and mixing of a hydrazine solution with demineralized water (condensate),
two 100 percent capacity feed pumps, one dispensing pump and interconnecting
piping. - ‘

The ammonia system is identical to the hydrazine system, utilizing o 26 degree
Baume Ammonia Reagent. The hydrazine and ammonia systems will both be
equipped with a compressed air motor driven dispensing pump for the transfer of
reagents from their shipping drums to the mixing tanks.

All three chemical tanks will be vertical axis, cylindrical in shape with hopper

bottoms and flat tops. Each tank will have an effective volume of 300 gallons,
supported by four angle iron legs. The sodium phosphate tank will be equipped with
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hinged cover, electric motor driven stainiess stee! propeller type mixer, gauge glass
and liguic level switch. The hydrazine and ammonic tanks will each be eguipped
with flogting lids, gauge glass and liguid level switch. Both tanks will be equipped
with ¢ plastic metering cylinder, calibrated in millimeters, which will be mounted
on the tank and connected so that the measured amount of reagent can flow by
gravity into the tank.

All six of the metering pumps, two for each system, will be of the positive
displacement piston type with adjustable stroke control. Pump control will be by
selector switch; with the selector swifch on "start", and level switgh closed, the
pump will start. Pump stop will occur when low level is reached in the tank or
when the selector switch is placed on “stop'. :

Service and Demineralizer Water System (Ref. Figure IV.A.6)

Raw water from the plant water supply enters the station and is piped directly into
the lime-soda softener tank. The water enters the softener tank through a level
contro| valve which maintains o full fank level at all times. The softener tank will
be constructed of a size sufficient to assure adequate water residence time for the
degree of water purification desired. The water effivent from the softener will be
continuously monitored fo assure proper water quality. An agitator system within
the softener tank provides a continual movement of the water, thus stimulating
proper mixing of chemicais and water.

A chemical storage and injection system sufficient to intermittently recharge the

softfener will be provided in the area adjacent thereto. This system consists of an
elevated soda ash bin with mixing fank and two 100 percent capacity injection
pumps; a 3,000 gallon liquid coagulant storage tank, with mixing tank and two
|00 percent capacity transfer pumps, two 100 percent capacity coagulant aid
charging pumps; and an elevated quick lime storage bin with lime paste slaker, grit
hopper and two 100 percent lime slurry injection pumps. Service water (softened)
will be used for dilution of both lime and soda ash prior to their transport and
injection into the softener,

The softened effluent from the softener tank is transported by gravity to a-

100,000 galion service water storage tank. Sludge, drawn off the bottom of the
softener, is fransferred by two, 100 percent capacity, sludge transfer pumps to the
siudge thickener tank., The sludge thickener tank separates the supernatant fluid
from the siudge; the supernatant gravitates to a 4250 gallon storage tank from
where it is pumped by one of two 100 percent capacity supernatant transfer pumps
to the inlet of the softener; the sludge is transported by one of two 100 percent
capacity sludge disposal pumps to a nearby evaporation pond. The sludge thickener
tank is equipped with a slow moving ogitator which promotes separation of
supernatant from the thickened siudge.

One of two 100 percent capacity service water pumps takes suction from the
service water tank and distributes the softened service water to the cooling tower
basin for circulating water system makeup and, via a backflow preventer, to the
sand filters and demineralizer system. In addition, branch lines downstream of the
backflow preventer provide soft water supply to the caustic soda hot water storage
tank, the plant cooling water system (makeup), the steam generator and turbine

area, the plant control room and switchgear building, the administration building,_
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anc the shop and warehouse building. A bypass line from the well water supply
entering the plant site to the suction side of the service water pumps will be
provided for emergency purposes.

4 branch from the softwaier header, downstream of the service water pumps,
supplies water through one of two sond filters which removes the remaining
particulate carried over the lime-soda softener. Once through the filter the water
enters one bank of a dual train makeup demineralizer unit which discharges intc the
two 85,000 galion demineralized waoter (condensate) storage tanks., A secondary
branch off of the discharge side of the sand filters supplies water to the domestic
water system which consists of a hypochloringtor unit and @ hydropneumatic tank
for treatment and delivery of the station's potable water supply.

The service water pumps provide system pressurization for the station domestic
water, service water and demineralized water. Two full capacity pumps. fill be
furnished with one pump normally running and the other in standby. Each pump will
be of the single stage, horizontal centrifugal type with direct connected induction
motor. Pump control will be from the control room with each pump started
manually by control switch. The standby pump will start automatically on low
service water discharge pressure. The pumps are stopped manually by control
switch or automatically on motor overload. Minimum flow protection will be
provided by orificed lines returning to the service water tank.

The service water and supernatant storage tanks will be of vertical cylindrical
design with capacities of 100,000 gallons and 4,250 galions respectively. Each tank
will be constructed of carbon steel plate and will be supplied with a plastic lining fo
prevent corrosion. The service water tank will also provide a reservoir source of
water for fire fighting purposes.

The demineralized water {condensate) storage facility consist of two, 85,000 gallon
capacity storage tonks of vertical cylindrical design consfructed as described
above. This water is used as makeup to the steam generator.

The potable woter supply system consists of a hypochlorinctor and a
hydropneumatic tank. The hypochlorinator unit is composed of a water meter with
external device for controlling the rate of operation of a water driven pump which
will pump a hypochlorite solution from a storage container at a rate proportional o
the flow through the meter and injects it into the domestic water line downstream
of the meter. The unit will freat water at flow rates of 10 to 50 gpm and has a
capacity of feeding 60 galions of hypochlorite solution per day. The
hydropneumatic tank provides o means of treated watfer storage and sufficient

pressure for the required delivery at the fixtures. The tank will be of the

1,000 gallon capacity horizontal cylindrical design and charged with compressed air
from the station's service air system.

Two parallel fiow, 100 percent capacity vertical self-backwashing pressure filters
will provide removal of suspended material from the softened water. Each filter
will contain two types of sand each with a different gradation for proper filtering
media. Each filter will have a total flow rate of 100 gpm and will be equipped with
flow elements and local flow indicators. In addition, instrumentation for filter
pressure drop and turbidity will be provided to indicate when a filter requires
backwashing. Backwashing water will be piped to the evaporation pond. While one
filter is being backwashed, the second will remain in service.
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The makeup demineralizer system will provide high purity deionized water to the
demineralized water storage tanks. Two |00 percent capacity demineralizer trains
consisting of cation, anion end mixed bed demineralizer tanks will be providec.
Each train has ¢ capacity of 100 gpm with the ability to produce 200 gpm when both
trains cre in service. The demineralizer resins will be regenerated in the operating
tanks with the provided chemical regeneration system consisting of sulfuric acid
supply equipment, sodium hydroxide supply equipment, water heating equipment and
the necessary piping, valves and controls.

The demineralizer system is as follows:

Go

b.

Ce

Cation Demineralizers

Two cation demineralizers will be provided. The acid storage and pumping
equipment which is common to the mixed bed units, circulating water
tregtment and the demineralizer neutralization system will include a
§,000 gallon storage tank and two |0C percent capacity metering pumps
which will supply concentrated sulfuric acid fo the dilution system for the

cation and mixed bed units and fo the cooling tower basin, for circulting

water treatment. The controls, valves and piping necessary to backwash,
dilute and inject the acid, rinse and place the demineralizers into service
will be part of the cation demineralizer equipment. '

Anion Demineralizers

Two anion units will be provided, each consisting of a vertical axis
cylindrical vessel approximately 3 feet in diameter by 7 foot high. The
caustic storage and mixing equipment will be common to the mixed bed units
and the neutralization system. An electrically heated 3,500 galion caustic
storage tank will supply caustic fo the anion demineralizers, mixed-bed
demineralizers and the neutralization system. Two, 100 percent capacity
metering pumps will supply caustic fo the heating and dilution system which
will be common fo the mixed bed units. A 1,000 gallon hot wafer storage
tank will be common to the demineralizer regeneration and dilution system.
The controls, valves and piping necessary to backwash, dilute, heat and
inject the caustic, rinse and piace the beds in service will be part of the
anion demineralizer equipment.

Mixed Bed Demineralizers

- Two mixed bed demineralizers will be provided, each consisting of a 3 foot

diameter by 6 foot high vessel. The acid and caustic storcge, pumping,
dilution and heating systems will be used in common with the cation and
anion vessels. The mixed bed demineralizers are the final step in each
train. The effluent from each mixed bed unit will be monitored for
conductivity and silica concentrations.

Vacuum Degasifier

A vacuum degasifier will be installed in series with the makeup
demineralizer for oxygen and carbon dioxide removal.
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6.

e. Demineralizer Waste Tregtment

The regenerant waste from the demineralizers will be collected in ¢
neutralization sump. The sump will be equipped with a mixer for mixing of
the sump contents and ¢ centrifugal pump for discharging the neutralized
fiuid to the plant evaporation pond.

L evel controliers and pH measuring devices will be provided fo control the
neutralization process. The controllers will annunciate abnormal operating
conditions and stop the discharge pump and mixer when the treated waste is
not meeting specified requirements or when the sump level is low. After
initial sump content mixing, caustic or acid is added in response to the pH
controller. These chemicals are pumped from the demineralizer
regeneration caustic and acid metering pumps.

f. Coolina Tower Basin Water Treatment

In addition to the foregoing, a liquid dispersent system will be installed
which will consist of a 3,500 gallon horizontal storage tfank and a centrifugal
pump for the storage and injection of a chemically premixed solufion into
the cooling tower basin. This system will be located adjacent to the cooling

tower basin.

Fuel Qil System

The station fuel oil system will be instalied to supply Number 2 fuel oil to the
auxiliary boiler burner system, the diesel generator day tank and to the burner
system of the salt recirculation heater. The system consists of a 100,000 galion
capacity above grade, atmospheric storage tank of vertical axis cylindrical design
and the transfer pumps for the systems described herein before. All pumps will be
of the positive displacement type with integral relief valve instalied between
discharge ond suction connections of the pump. Both the auxiliary boiler fue!l oil
pumps and the salt recirculation heater fuel oil pumps include a 100 percent
capacity standby pump to assure system reliability. No backup is planned for the
diese| generator fuel oil supply pump.

Diesel Generator System

The diesel generator system consists of the engine-generafor set, and its attendant
equipment. The engine-generator will be located where indicated upon the General
Arrangement drawing to provide all stafion essential electrical services in the
event of total system power failure. The unit will be self contained, complete with
jacket water cooling, engine starting and fuel oil supply from.a 5,000 gallon fuel oil
day tank. The unit will be installed within a weatherproof enclosure equipped with
odequate ventilation and cooling for summer operation and maintenance as well as
winter inhabitation. The unif capacity will be 3,000 kW, which will provide
emergency electrical energy for the station compressed air system, turbine-
generator furning gear, essential bearing cooling, control systems battery charging,
essential air conditioning, emergency lighting, communication systems, and
heliostat defocusing.
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Fire Protection System

The primary means of fighting fires in the station ‘is with water supplied from
hydrants in the yard area or from hose ree| stations mounted at strategic locations
within the operating creas of the plant and within the struciures. The fire main
serving the hvdrents and hose stations will normally be pressurized and suppliec
with water from the service water storage tank by the fire wcter pumps located
within @ pump house adjacent fo the service water storage tank. Water pressure in
the fire main will be constantly indicated and low pressure annunciated in the
control room.

Yard arec fire containment will be provided by hydranis located adjacent to the
service roads within the power station limits. These hydrants will be fed by an
underground fire water loop which is supplied water by one of two horizontal shaft,
single stage, centrifugal pumps menufactured to UL design standards. In addition,
one fire water jockey pump will be instalied to maintain a constant, at rest, system
pressure. Each fire pump will be sized for the stations largest single fire risk,
normaliy taking suction from the service water storage tank but manually valved to
utilize demineralized water as an emergency measure. '

Dry chemical extinguishing material and foam will be available from portable
extinguishers stored in the two fire fighting equipment storage areas, one located in
the motor control center building and the other in the shops and warehouse
building. Hoses will be conveyed to the hydrants by means of hose carts located in
the fire equipment storage areas.

Fixed water spray systems of the deluge type will be provided over the turbine lube
oil reservoir and conditioner area, hydrogen gas control and seal oil area, each
transformer and within each ecell of the cocling tower. A fire detection system for
spray sysfem actuation and alarm will be provided. Fixed pipe water spray systems
hose reels and hose cabinets will be fed from the underground fire ioop.

Fire hose cabinets and portable fire extinguishers will be placed at strategic points
throughout the administration building, shops ond warehouse building and the
control room and switchgear building. Low hazard areas within these structures
will be equipped with smoke detection devices tied to a central annunciation
board. A Halon 130! fire suppression and detection system will be installed in the
equipment roorn section of the control room building for protection of the
electronic eguipment housed therein.

Heating, Ventilating and Air Conditioning (HVAC)

Heating, ventilating and air conditioning will be provided for personal comfort and
for equipment protection within the administration building and the control room
and switchgear building. Ventilation and heating only will be provided in the shops
and warehouse building. .

The criteria for conditioned areas of the administration building and the control
room and switchgear building is:

I, Temperature: 70°F + 4°F
2. Reiative Humidity: 50% + 5%
3. Filtration of outside 85%
air supply-
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The basis of design for the shops and warehouse building will be to maintain
adegucte ventilation throughout the structure with a |5 minute air change and @
minimum temperature of 65°F - 5°F,

The odministration building will be supplied with a roof mounted direct expansion
refrigerction unit of approximately 20 tons capacity. Air supply will be furnished
by fan coil units eguipped with inlet filters for control of dust and wind born
elements. Electric heating coils and refrigeration coils will be instalied in the
direct path of the fan discharge and air distribution will be provided by an overhead
duct system designed for variable volume, constant flow control. A return air duct
system will also be provided with adjustable damper control for blending of the air
supply. The building will be equipped with spring loaded exhaust air vents fo assure
the structure is maintained in o pressurized condition of approximately 1/4 inch
water gauge above atmospheric pressure at all times. Temperature level will be
controlled by a manually adjustable wall mounted thermostat.

The control room and switchgear building will be treated in general as described
above, with the added provision that the 60 ton direct expansion unit will be of the
split system design whereby the compressor and condensing unit will be roof
mounted and the evaporator coil and fan section installed at grade. Further, in
order to assure protection of the electronic equipment housed within the structure,
a totally redundan? refrigeration unit will be supplied; no redundancy in heating of
this building is considered. The building's control, equipment and termination rooms
will be constructed utilizing an underfloor pressurized pienum distribution sysfem
with floor resisters. The underfloor system will be served by a separate cabinet
mounted cooling unit utilizing room air for its supply medium. Fans and automatic
dampers will be interlocked with smoke and fire detection systems to secure
operation upon annunciation.

The shops and warehouse building will be equipped with roof mounted exhaust fans

supplied with manual start/stop control for selective air flow conditions throughout

the building. A horizontal air intake louvre section will be provided along the lower
segment of the building siding equipped with recleanable filters and self closing
dampers for outside air inlet. Heating of the structure will be by electric unit
heaters of the horizontal air flow type, complete with air distribution fon and
thermostatic control.

Electrical Systems and Equipment (Figure IV.A. {2)

The main generator terminals are connected, through a length of isolated phase bus,
to a 230 kV switchyard. The plant electrical auxiliary systems are powered from an
auxiliary transformer, energized from the same 230 kV switchyard. This auxiliary
transformer also serves as the source of the plant starfup power.

The distribution of power within the plant boundaries is radial. Three serially-fed
assemblies of medium voltage metal-clad switchgear are provided: their busses are
identified as Bus A, Bus B and Bus C respectively. Bus A supplies the auxiliary
loads of the turbine-generator plant, Bus B, those of molten salt transport and tank
heater systems; and Bus C energizes the salt piping and receiver heaters, and the
heliostat feeders. An emergency diesel generator is connected, through an
interlocked circuit breaker, to Bus C. The interlock prevents parelleling the diesel
generator with the normal plant power system.
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The 480 volt plant loads cre energized from load-center substations and motor
control conters, located at centers of load throughout the piant. ’

Equipment ratings are as foliows:

Main Transformer:

Isc-phase Bus:

Auxiliary
Transformers

Medium-Voitage
Switchgears

480 Volt Load-
Centers:

480 Volt Motor
Centers:

Emergency
Generator:

Miscellaneous Plant Elements

a. Gas Storage

115/128 mva, 55C/85C
FOA, 13.2-230 kV, 3 phase, delta-wye
connected with standard impedance.

15 kv, 6000 A, 3 wire

17.9/20 mve, 55C/65C, OA,

4,16-230 kV, 3 phase, 8% impedance,
wye-wye connected with resistance-
grounded 4.16 kV neutral. A tertiary
delta winding may be included if
recommended by the manufacturer.

5 kV nominal, 350 mva class drawout
air circuit breakers. Main circuit
breaker, 3000A; Bus A, 3000A; Bus B,
2000A; Bus C, I000A. Switchgear
assemblies located outdoors cre
weatherproof non-walk-in type.

Each primary section will consist of
an air-filled tferminal chamber (or
loadbreak air switch if two or more
loadcenters are supplied from the
same 4.16 kV feeder). Transforming
section will be 1000/1120 kVA,
3 phase, 55C/65C, OA, 4160-480 YV,
delto-wye connected, with standard
impedance and solidly-grounded
480 volt neutral.

‘Secondcry Sections will be low~

voltage drawout air circuit breakers.

Will be NEMA Class | Type B, in
3R enclosures when located outdoors.

3000 kW, 0.9 pf, 4.16 kV, 3 phase.

The power station will use three industrial goses during periods of standby
and normal operation. Nitrogen gas will be used to exciude air from steam
spaces in the steam generator, and feedwater heaters during extended
shutdowns. Hydrogen is used as an atmosphere within the main generator.
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Carbon dioxide is used to dispiace the air from the generator housing prior to
initial and subsequent filling with hydrogen and to displace the hydrogen gas
from the housing when changing the atmosphere. ‘

The gas storage area is designated upon the Generai Arrangement Plan
{Figure IV.A.13) and will be constructed upon a raisec deck, enclosed with
chain link fencing, and roofed. An extension of the deck will serve as an
unloading dock for the gas cylinders.

The gas storage will consist of cylinder gas bottles arranged in active and
reserve racks, gas manifolds and pressure control cabinets where bottle
pressure is reduced to a delivery pressure of 70 psig. in addition, a vaporizer
wili be installed to fransform the liquified carbon dioxide info a gos for
delivery to the generator.

Sampling System

A sampling system will be provided which will consist of sample collecting
nozzles, sample coolers, analyzers, recorders and controls necessary to
determine the characteristics of the plant's process fluids, fo indicate and

- record the values and fo annunciate undesirable values of importance.

Provisions will be made for manual cotlection of samples within the station
limits. In addition, samples of condensate, feedwater and steam will be
piped to a central location, where automatic analysis will be performed and
the results recorded, Provision will also be made for paraliel withdrawal, in
the laboratory, of samples which are collected for analysis by the
centralized system.

Remotely cnalyzed and recorded samples of the condenser hotwell
condensate conductivity will be accomplished on a continuous basis. Other
continuously monitored samples will be the condensate pump discharge,
second feedwater heater drains, the deaerator outlet and the boiler
blowdown,

Sample nozzies will be provided to withdraw samples from other locations.
These locctions include the circulating water discharge from each condenser,
demineralized water (condensate storage tanks) and the discharge from the
cooling water heat exchangers. ‘

Plant Waste Systems

Drainage is directed off of the plant operating area by surface grading and
paving to achieve a water run off pattern which will direct flow to the site
boundaries. Concrete sumps such as the lube oil reservoir and the molten

salt pump pit will be equipped with duplex sump pump assemblies complete

with float control and "Lead-Lag" selector switches. Pump discharge will be
directed to the evaporation pond.

An oily waste separater pit will be provided and located where indicated
upon the General Arrongement Plant drawing. Equipment drains will be
directed to this sump in which the contaminates will be separated from the
water. The contaminates (oil, grease, etc.) will periodically be removed and
disposed of off site. The water will be pumped by a.dupiex pump set fo the
evaporation pond.
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Sackwash and regeneration waste from the demineralizer units will be
directed to a neutralization sump, the operation of which has hereinbefore
been described.

PLANT CONTROL SYSTEM

Functional Deseription

The plant control system consists of hardware (supervisory and heliostat crray
control computers, displays, and other distribution and processing equipment) and
software.

The purpose of the control system is fo provide safe ond effective piant operation
by sensing and controlling necessary system parameters in a timely and integrated
manner. :

The contro! system interfaces with the eollector fields, receivers, storage, steam
generators, turbine generator and balance of plant. Its operations include:

o Control - inferacting with the instruments, valves, motors, and pumps to
regulate the plant process temperatures, pressures, flows, and other
parameters o meet plant operating requirements.

o Interlock - coordinating plant actions so that the state of the sysiem is
properly set up for impending control actions, also referred to as interlock or
interposing logic system (ILS).

<] Monitor/alarms - measuring and reporting of plant process ftemperatures,
pressures, flows, and other parameters; determining and reporting when
measurements violate predetermined threshold values.

o Trip - stand-alone monitoring for major functional system fo take the system
offline when certain key system parameter threshold levels have been
crossed.

o Display/Command - Man-machine interfacing to report plant data and

respond fo operator commands.

General Arrangement

The major control equipment is divided among four areas: remote Stations No. |
and No. 2 f{on collector Field Towers No. | and No. 2, respectively), and an
equipment room and control room in the contro! building shown on the power block
plan, (refer to power block general arrangement), Figures IV.J.1 and IV.J.2 show, in
o schematic arrangement, the location of the major pieces of control equipmerit in
these four areas. Figure 1V.J).3 shows the layout of remote Stations No. | and
Ne. 2, which are at the uppermost level of the towers below the receiver.
Figure IV.J.4 shows the layout of the equipment room.

Consideration of operability requirements has resulted in the control console design
shown on Figure IV.J.5. The console.is divided into two separate sections with a
m_"_shaped main control console and a separate straight segment used for auxiliary
plant operating functions. The table top on the left side of the main control
console is used to mount individual printers needed to log piant level, and various
system and operator functions, and to list online diagnostic summaries.
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Immediately left of center is a section with a CRT dedicated to alarms, with a
color coded listing of alarms, to give the operator a quick overview of alarm and
status conditions. An indicator panel below the CRT gives the alarm status of large
sections of the plant or of specific critical components to provide backup in the
event of a loss of video. '

The center section of the main console houses six CRTs for plant operation. The
four on the right hand side are normally used for plant level graphics, including
collector field displays, while the two on the left side are normally used for various
system level functions. The two system level CRTs will aliow the operator to page
down through the display hierarchy fo reach any available display. In this way, the
operator maintains the visual contact at the plant level while observing a specific
system level operation. Also, the operator can change a specific parameter while
viewing the interacting piant interfaces and resulting changes. The four plant level
CRTs can also be used to display system level functions, to facilitate startup ond
shutdown activities. ‘

The console on the immediate right side of the center section houses an additional
CRT dedicated to alarms, similar to that on the left. The far right side of the main
console houses the furbine controls and indicators supplied with the
turbine/generator. These controls can be coordinated with the center section CRTs
for graphic dispiays.
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The auxiliary controls to the rear of the main console are divided info three
sections. One section is for safety functions to monitor and check out fire
srotection. The other two sections are for auxiliary functions such as beam
characterization, metecrology, air and water. These sections have g wide, ciear
writing surface shelf to carry out activities such as reviewing large documents.

Major Component Descriptions

The major equipment ifems associated with the control system are: (I) the
computers and associated peripherals and software for display/command, and
(2) process control hardware and wiring.

c. Computers, Peripherals and Software

The computers chosen for the HACs and the supervisory control are
moderate capability catalogue-listed minicomputers of the DEC PDP-1 /40
genre, Key characteristics considered for the computer supplier/equipment
for this project are: ~

o Demonstrated reliability and serviceability in an industrial or utility
environment,

o Redundancy fo offset the great dependence on computers required for
piant operation.

o Capable supplier hardware design and softwere applications personnel,

o Awvailability of a knowledgeable, competent, quick responding supplier
service organization,

The three pairs of redundant computers, as shown on Figure IV.J.l, are
connected in d network configuration so that each caon easily communicate
with any of the others through use of furnished networking software. The
computers communicate with associated peripheras through a bus switch.
During detail design, it will be determined if dependence on disks and tapes
for normal system operations can be eliminated by storing plant operating
data in core. This would increase reliability and decrease operating
complexity somewhat,

An off-the-shelf industry-proven scanning, data acquisition display and
control software package will be purchased ond adapted for this project.
This software will provide the data base, data manipulation and conversion,
data display and the man/machine interface for the HACs and the
supervisory computers., Application software, to adapt the purchased
hardware and software to the Solar 100 plant for the HACs and supervisory
computers, will be generated at MDAC.

b. Process Control

Process control, os diogrammed on Figure IV.J.2, is occomplished by a
distributed, digital control system of the type represented by Beckman
MV-8000, Honeywe!l TDC-2000 and similar systems manufactured by Bailey,
Foxboro, Forney and others. These are systems in which the conventional
proportional, integral and derivative algorithms are computed by a small
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digital computer which can be located closs fo the instruments. The
particular algorithms, agains, compensations, and rolloffs desired are easily
implemented by programming the system much as with @ programmable
caleulator, thus providing ease ond flexibility for changes. The smell
computers, which calculate the control algorithms, service eight fo sixteen
control elements and are redundant, so that a single failure will not disrupt
plant operations. The small computer communicates with the centralized
control console over a mulriplexed data highway.

Distributed, digital systems are basically multiplexing systems. That is,
information (commands or data) passing between the remotely located
contro! hardwere and the centrally located command and display hardware is
electronically condensed so that many signals are tfransmitted over a pair of
wires. The signal transmission path is usually referred to as o "data
highway" and consists of a pair (for redundancy) of twisted, shielded
|6 gauge wires. A single data highway can replace hundreds of analog signal
wires. In an extensive plant layout, such as this project, there is a great
advantage, for simplicity and cost; in replacing hundreds to thousands of
wires, with runs of a mile or more, by a few data highways, For this reason,
a data highway is incorporated in the control system to o high degree in the
collector and receiver controls and to some degree in other system controls
in the power block area. Further extension of this approach in the power
block area will be considered for potential economic advantage in the plant
preliminary design. '

The ILS functions are implemented similarly fo the control functions and
integrated into the control system functions. A key requirement for the ILS
is that no single failure can affect more than one ILS loop.

The stand-alone protective irip functions are implemented similarly to the
control and ILS, but with completely separate hardware, so that equipment
failure effects are not exchanged between the control and protfection
functions.

Plant monitoring and alarming is accomplished by the distributed digital
system with parameter monitoring specifications ond alarming levels
implemented by programming.

System Support Requirements

The principal control system support required is electrical power, HVAC, and fire
protection. There are also specific lighting, architectural features, and cabling
provisions required.

Facility power (120 VAC) is required for electronic equipment, as follows:

Control Room 5 KVA

Equipment Room 13 KVA

Tower Remote Station (each) 5 KVA
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An Uninterruptiple power supply (UPS) is required for electronic equipment, as

follows:
Control Room " 14 KVA
Eaguipment Room ' . 80 KVA

The UPS will provide 120/208 VAC, 3 phase, 60 Hz for 30 minutes minimum.

The Control and Equiprﬁen‘t rooms will require the following HVAC:

o 70° + 4°F at the electronic equipment intakes
o 68° to BO°F room interior

o 50° + 5% relative humidity

o) 85% filtration with high-pressure alarm lights

In addition, a Halon 130! fire suppression and detection system will be provided for
the computers in the Equipment Room.

5. Operational Fectures

There are several control system issues that are unigue to the solar plant or this
plant and require specific considerction for this project.

a. Cloud Tronsient Effects

During an insolation transient coused by passing clouds, receiver flowrate
must respond to maintain the receiver tube wall temperature and coolant
fluid ot o reasonably constant temperature (within cllowable limits). In the
water/steam receiver system (Solar |), the insolation transient ripples
through the whole system, eventually offecting turbine operation. The
receiver controls, therma! storage controls, and computer-implemented
operator aids are quite complex fo minimize the transient impact on the
receiver and turbine. In this project, the moiten salt receiver is decoupied
from the rest of the plant by the large storage tank. The insolation transient
is effectively limited to the receiver only; the plant control is less
complex. In addition, the single-phase, receiver-coolant flow is less critical
1o control than the single-pass-to-superheat water/steam fiow of the Solar |
receiver, However, certain control features must be incorporated in this
design to assure safe, long-life efficient operation of the meliten salt
receiver. These include:

o Incident flux and receiver back-wall temperature measurement to
anticipate changes in coolant temperatures and position receiver
control wvalves so that c¢oolant flowrate ond distribution respond
quickly to keep excursions within reasonable bounds.

o Redundant salt feed pumps with bypass control responding to a warm
salt surge tank liquid level to decouple pump and receiver dynamics
and avoid waterhammer.,
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c.

A downcomer pressure reducing valves (drag valve) fo modutate
supoly pressure to the hot salt storage tank in response to changes in
the receiver flowrate controlied by liquid ievel in o hot salt surge
tank to decouple receiver and downcomer dynamics ond avoic
wgternammer,

Svstem operation is described in Section IV.E.

Sliding Pressure Steam Generator/Turbine

See Section IV.G.5 for discussion on sliding pressure turbine.

Operability of o Large Complex Plant

The foliowing features are included in the control system design to provide
relatively simple, reliable operation for the many components on the new
process of this plant:

]

Automated operational aids to assist the operator in plant mode
changes.

Color CRT graphics for operational visibility from the plant level
down to individual control locop.

Simplified manipulation of contro! hardware and software, such as
keyboard operations and changing tapes and discs.

Redundant supervisory and heliostat arroy computers.

Programmable digital hardware with digital data highway
communication between the control room and remote equipment.

Failover backup provisions in critical portions of the control
distribution centers with complete isolation of trip circuits.

This control system will be built on Solar | experience in every way
possible to improve the plant reliability and operability.
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V. PERFORMANCE

V-A. INSOLATION MODEL

A major factor in the size of the coiiector field for o central receiver plant is the
amount and distribution of direct normal insclation available. For this study, extensive
data ovailable from the U. S. Meteoroiogical Service for Borstow were used because of
the proximity to and similarity of weather conditipns for the plont site in the Lucerne
Vallev. This resulted in a value of 2576.4 kWhr/m*/year with an average of 3,230 hours
of usable suniight per vear. These values include the effects of weather and are based on
using all sunlignt for sun elevctions greater than 10° above the horizon.

Three different computer programs are used in the study to analyze plant performance
and value. These are Sandia Laboratories code - DELSOL, a University of Houston code -
R-CELL, and the SCE value anclysis code. Computational methods of these computer
programs require different but comparable models of the insolation dcta base.

in this section, the insolation data base and the insolation models that have been used
will be presented.

. Insolation Data Base and Modelling Approach

Estimates for the insolation available for central receiver systems are generally
developed in one of three ways: |) measurement of direct normal insolatior,
2) correlations based on measurements of globa! or total horizontal insolation and
meteorological datg, or 3) correlations based on models of the atmosphere ond
meteorological data. The DELSOL and R-CELL computer programs can generate
clear day insolation by the latter method.

For Barstow, four vears of direct normal insolation measurements are available
through SCE and West Associates (Ref. V.A.l}, and approximately 30 years of data
are available using the Jet Propulsion Laboratory SOLINS (Ref. V.A.2) computer
program with SOLMET (Ref. V.A.3) global insolation and meteorological decta.
Figure V.A.l compares the four-year average West Associates data with the
SOLINS 30-year dota for each computed month-long average day and the year long
average doy. Also shown on the figure is an Aerospace (Ref. V.A.4) model which is
based on two years of West Associates data with some small changes due to
screening of some data for suspected errors. As noted on the figure, these data are
for all sun elevations above the horizon (i.e., 0°) rather than just for those with
usable insolation (i.e., greater than 10° above the horizon).

Because the JPL SOLINS model using SOLMET data can be used more easily and
consistently for comparison at different locatons and because the correlations were
so close, it was decided to base the insolation mode! on the SOLINS data.

The approach for modelling these data was to run the DELSOL and R-CELL
computer codes from 0° - 0° sun elevation to get an annual clear day insolation.
The ratio of the SOLINS annual insolation to this clear day insolation was then used
to define a weather factor, thus normalizing the computer derived model fo the
extensive meteorological data base. The final insolation model for each code used
this weather factor, @ 10° sun elevation cutoff, and the code-interval daily
variations of insolation and sun position to calculate collector field performance.
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Figure V.A.1. Insolation Data Base — Barstow, California

2.

Figure V.A.2 shows the compearison of the normalized month-long average day
insolation for SOLINS (0° - 0°), DELSOL (10° - 10°) and University of Houston (10°
- 10°) models. The plot shows that the codes over-predict first quarter insolation
ond under-predict third quarter insolation with second and fourth quarters more
closely predicted. Figure V.A.3 shows the hourly insolation for an average clear
day near summer solstice as modelled in DELSOL.,

Annua! performance calculations were derived by calculating the collector field
performance on one day per month using these average clear day values, ratioing
down these clear day values using the weather factor and summing these values
using an average of 30.4 days per month.

insolation Model for System Trade Studies

The system trade studies were performed with DELSOL because it is easier and
faster to use. The clear day insolation map shown on Figure V.A.4 and the
computer weather factor of 0.84 were used.

Typical conversion efficiencies from insolation to thermal energy are shown on
Figure V.A.5. These data are for the selected molten salt, partial cavity north field
configuration. To define the average clear day performance at any point, the
insolation value is multiplied by the number of heliostats times the area of each
heliostat times the energy collection efficiency at the appropriate date and time.
;I'o account for the effects of weather, this value must be multiplied by the weather
actor,
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Insolation Model for Final Sizing and System Performance

. Because the Lucerne Valiey site has a | 1/2° to 2 1/2° slope, it was necessary to

use the University of Houston codes to model the sioping field. (This capability is
noct avcilable in DELSQOL.) The clear doy month-long average insolation data are
shown on Figure V.A.6. Also shown on the figure are these data ratioed with the
appropriate weather factor.

Insolction Model for SCE Value Analysis

SCE's grid model operates on the basis of |3 four-week periods with average days
for each period modelied with |2 two-hour periods. For this model, the insolation
ond efficiency datc from the DELSOL trade study results were converted to two-
hour averages and input to the program. Figure V.A.7 illusfrates the data format
aond representative data.

Because it was necessary to apply the weather factor to these data to make the
annual results for total energy correct, the data did not properly model gooc
summer clear day peformance well enough for the case when storage is fully
charged and late night operation ocurs, Therefore, another model, which
statistically modelled insolation day-to-day variations, based on West Associates
data, and .correctly maintained annual total energy was used for the final analyses.
Figure V.A.B illustrates these results. ‘
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Figure V.A.6. Insoistion Model for Final Performance Analysis
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Hours from Solar Noon

L-Week
Period 02 2.5 U4 6-8 ©10 10-12 12-14 1416 16-18 18-20 20-24
] mecE inso! 0 0 0 0 501 590 590 501 0 O 0
(w/m*)
eff day 0 0 0 0 .568 594 6% 568 0 0 V]
from Jan | 14 /14
2 0 0 0 0 54° 618 618 549 0 0 0
0 0 0 0 .612 J00 700 612 0 O 0
42 2/11
3 ¢} 0 0 427 646 703 703 646 427 0 - O
0 0 0 324 .38 698 698 .638 324 O 0
70 3/11 .
4 0 0 0 3687 733 783 783 733 567 O 0
o] 0 0 420 .6831 680 680 631 420 O 0
98 4/8 .
5 0 0 0 639 766 822 822 766 632 0 0
0 0 0 483 .610 659 659 610 463 O 0
126 5/6
é 0 0 0 688 823 868 868 823 688 O 0
0 0 0 476 .602 548 HuU8 602 476 O 0
154 6/3
7 0 0 0 64l 780 825 825 780 641 O 0
0 0 0 .476 .598 645 b45 598 476 O 0
182 7/1
8 0 0 0 641 780 825 B25 780 e41 O 0
0 0 0 .468 .607 655 655 607 468 O 0
210 7729
2 0 0 0 6i4 7% 848 848 7% 614 O 0
0 0 0 435 .570 674 b74 570 435 O 0
238 8/26
9] 4] 0 0 524 793 863 B63 793 524 O 0
0 0 0 357 .638 £93 £93 638 357 O 0
266 9/23
11 0 0 0 0 731 823 823 731 0 O 0
0 0 0 0 .624 704 704 .624 c O 0
294 10/21
12 0 0 0 0 621 732 732 621 0 0 0
0 0 0 0 .579 £L98 698 579 0 O 0
322 11/i8 . :
13 0 0 0 0 527 638 638 527 0 0 0
0 0 0 0 .549 687 687 .549 0 0 0
350 12/16

T insol = 47466 x 2 x 28 = 2658.] kWhr/mZyr
100 - 10° = 2576.6  2658.1/2576.4 = 1.0317

Figure V.A.7. Typical inputs for insolation and Efficiency forSCE Value Analysis Program
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CONTROL COOE 58, sOLMAZ ,BASE DO5, ECONOMY ENRGY (8PM-GAMI, NO 100SOLAR 1/3/88. AUG31 RUN DATE 06/02/81 AT 1B8:59:06 PAGE 25

Seossecmcemenene=DAILY SCLAR INTENSITY PROFILE FDQ‘T!IIE';E!N G=REEK PERIGDS OF YEAR-e~eccosmscamccct
SOLAR INTENSITY (WATTS/SGM! RECORDED AT SITE NO. 1 PROTO-VOLTAIC TYPE

[-1.23-H4 t2-04 De-0¢ 0e~08 08-10 10-12 12-14 =26 16-18 18-20 20-22 22-24 ORD

HOURS HOURS KOURS HOURS ROURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS N3,
AVG INT 0.0 t.0 0.8 26.000 223.000 360,000 398.000 286.000 49.000 8.8 c.0 0.0 3
ST DEV t.0 c.¢ c.0 17.000  1E.6DC  181.000 177.000  134.000 27.000 8.t c.0 ¢.0 i
max INT 0.0 o.t ¢.0 €7.000 405,008 604.000 595.000 386,000 55,020 6.0 0.0 0.0 1
HIN INT 0.0 e.0 g.t 4,000 31,000  62.000 66,000 24,000  3.000 8.0 0.0 8.0 )1
AVE INT t.c 0.0 0.0 €7.000 390,000 629.000 6l2.000 320.000 66,0800 8.0 8.0 e.s 2
S10 BEV e.¢ t.0 c.0 27.000 85.000 100.000 140.000 115.000 27.000 ¢.0 e.0 6.t 2
HAX INT g.0 c.0 6.0 129.00¢ 503.080 745.000 761.000 521,000 114.000 0.0 c.0 t.t 2
HIN INT 0.0 6.0 g.0 18.000 138.000 318.000 183.000 96.000 4.008 0.8 0.8 c.0 2
AVG INT e.t °.0 c.0 114.000 «54.000 645.00C 641.000 &1.000 127.000 c.0 t.C 0.0 3
SYD DEV 0.0 0.0 t.0 70.08¢ 168.000 245.000 235.008¢ 156.800 %4, 000 6.t g.0 0.0 3
HaxX INT t.0 t.t .0 256.000 646,000 874.600 B55.000 602,000 195.008 0.8 8.0 o.¢ 3
MIN_INT s.e 8.0 8.8 15.000 66,000 105,000 342.000 74,000 35.000 0.0 0.0 £.0 3
AVE INT g.¢ t.0 16.000 307.060 681,000 900,000 875.600 610.000 207.800 3.000 0.0 0.0 4
s10 DEV e.0 .0 9.000 ©8.000 34,000 42.000 46.000 58.000 «0.080 2.000 .0 .0 &
nex INT 0.0 e.0 36,000 373.008 741,000 950.000 947.000 692.000 263.000 &.080 8.0 0.0 “
HIN INT 8.0 0.0 e.0 ‘167.000 094,000 766.000 706.000 433.000 77.600 e.0 0.0 0.0 [
avs INT .0 b.0 BI1.000  SBL.U00  746.000 937.000 893,000 640,000 T/I2.0W0 15,000 1-1Y v L]
ST DV 2.0 e.0 13.000 4,000 ©2.000 76.800 319.600 105.000 “8.000 B.000 0.0 0.0 3
MAX INT ¢.0 t.0 92.00C 435.000 833.000 1030.000 995.000 763.000 340,000 24,000 g.0 0.0 3
PIN INT 0.8 2.0 18.000 145,000 493.000 616.000 422.000 299.0060 117.000 0.0 0.0 6.0 5
A5 INT t.2 0.t 67.000 423,000 773.00C §71.000 $30.000 69:.000 332,000 30,000 0.6 c.0 ]
STD DEV s.0 c.0 12.000 35.000 37.000 34.000 §7.000 82.000 %z2.000 5.800 0.0 0.0 [
1Ay INT e.0 0.8 82.000 458.000 815.000 1019.000 $83.000 782.000 405,000 3e.000 0.0 0.0 [
MIN INT e.0 e.e 30.000 314.000 616.000 825.000 493.000 352.000 177.000 0.0 0.9 e.0 é
AVG INT %.0 s.0 «8.000 369,000 726.000 §35.000 911.000 688.000 317,000 26.000 o.0 o.0 ?
STD DEV e.¢ e.t 14,800 65.000 71.000 73.008 125.000 92.000 63.000 7.008 8.0 ¢.0 ?
tMaX INT ¢.0 0.0 69.000 627.000 782.000 989.000 $79.800 769.000 378,000 48.000 8.0 0.0 7
HIN INT 0.0 8.0 8,000 263.000 428.000 B74.000 324.080 297.000 82.000 7.000 0.0 0.0 7
AVG INT .0 9.8 23.608 300,603 648.000 836.000 766,000 540.800 212.000 2.000 ¢.0 8.0 8
STD DEV 0.0 0.0 9.000 75.008 134,000 186.000 226.000 193.000 85.000 6,000 0.0 c.0 8
#aX INT e.8 e.0 36.008 364.000 737.008 957.000 951.000 701.000 324,000 29,000 0.0 6.0 8
®IN INT 0.0 6.0 3.ent 33.008 178,000 182.000 107.008 18.0060 10.080 t.0 s.¢ c.0 8
avVS INT 0.0 0.0 9.800 245,000 632.000 814,000 736.000 452.000 133,000 8.0 0.0 0.0 L
S1D DEV g.0 0.0 5.00¢ 5§3.000 73.000 93.800 164.000 il8.000 47,000 0.t c.t 0.0 1]
NAX INT 0.0 0.0 18.000 310.000 694,000 932.000 876.000 880  214.000 8.0 0.0 t.0 L]
MIN INT B.o 0.0 n.0 24.000 < eng &Y 220.000 - 29.00r 6.0

Figure V.A.8. Typical input Data for Statistical Insolation Mode! for SCE Value Analysis Program

V-B. PLANT OUTPUT

i.

Gross Plant Output

The steam generator and furbine generator are sized for a gross output of
110 MWe. Because the hot salt used to generate steam in the steam generator may
be drown directly from the hot salt storage fank, the gross electric output is
independent of receiver operations and dependent enly on the availability of hot
salt in the storage tank. The annual energy delivered from the receivers to the
storage tank is enough to operate the turbine generator at rated gross output for
5,325 hours per year, assuming {00% piant availability (based on the ovailable
insolation per the mode! of Section V-A).

2. Plant Auxiliory Loads

The plant auxiliary loads are shown on Table V.B.l. The table also shows annual
operating hours. A breakdown of loads and operating hours for major collector field
operations is included.

Loads associgted with collector field operations are based on the following
considerations:

o 3,313 operating hours per year'from usable insolation with sun elevations
greater than 10° above the horizon. -



TABLE V.13.1(a)
SOLAR 100 AUXILTARY POWER REQUIREMERTS
~ Amnmual
_WMitization .(!,'_'ﬁ)._.

Anial MW e

Daesign Point Shwidown .
Electric Louds _Power (kW)_ Power (kw) Normal  Shuldown FHormal  Shwidown
. Heliostals .
a. Slew (Normal) 0 Incl. in fc. —— —— —— ——
b. Slew (Emergency) 0 2000 0 0 — —
c. Track 125 0 3313 0 3721.1 ———
d. Overnight 0 24 SR 5hh] —— 130.7
e. UPS 24 0 LY ) 130.7 ——
. Pumps - Salt
a. Teceiver Feed Pumps (Tower #1 Horth )
2 Pump Operation 3636 0 26h8 0 9628.0 -
1 Pump Operation 1653 0 662 0 1094.3 ——
b. Receciver Feed Pumps (Tower 12 Souih)

2 Pump Operation 2893 0 26h8 0 1660.7 —
< § Pump Operation 1322 0 . 662 0 875.1 ——
& c. Sieam Generator Feed Pumps 793 0 5256 0 4168.4 —-

d. Receiver Drain Suimp Pumps
Tower | (North) Used NDuring Cold Fill ] 0 ——-
Tower 2 (South) Used During Cold Fill 0 0 —— S—
e. Thermal Siorage Drain Sump Pumps 70 0 130 0 51.4 ——
. Pumps - Feedwater
a.” Compensate Purmnps 207 0 5256 0 1088.0 ——-
b. Feedwater Pumps 2202 0 5256 0 §1537.7 e
c. Healer Drain Pump 21 0 5256 0 110.8 ———
V. Pumps - Circ. Waler _
a. 2 Pumps 909 0 5256 0 4711.7 -
b. | Pump 0 h54.5 0 3504 — 1592.6
V. Pumps - Miscellaneous
a. Condenser Vacuum Puinps 33.6 0 5256 0 176.6 —
b. Turbine Conlirol, Seal and Lube Oil 100 0 5256 0 525.6 ——
c. Turbine Turning Gear 0 i6.5 0 3504 ———— 5.8
d. Bearing Cooling Water hi.J3 413 5256 - 3504 217.0 ihi.7
e. Gland Seal Condenser Fan 6.5 16.5 5256 3504 86.7 51.8
f. Water Treaiment Syslem 5.5 54,5 26728 1752 143.2 95.5
g. Service Water Pumps i2n 126 2628 1752 325.9 217.2

.
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Vi

Vil.

VilL.

Electric Loads

h. Steam Generator
c. Salt Piping (Hot)
d. Salt Piping (Cold)
e. Storage Tanks

Fans - Cooling Tower
a. J Cells Operating
b. | Cell Operating

HVAC
a. Control Equip. & Term. Rooms
b. Admin. Bldg. & Warehouse

P1ant Control
a. Conirol Room Equipment
b. Remote Equipment

Miscellaneous

a. Lighiing

b. Compre&sed Air Systemn
c. Cover Gas System

d. Auxiliary Boiler System

TABLE V.B.1(b)

Subtotal

Total Annual Auxiliary Power Required

Design Point Shistdown
_Power (kW) Power (kw)
0 Stored Fnergy
Utilized
0 61
0 360
0 480
0 Stored Fnergy
Utilized
196 0
0 165.30
~80.5 80.5
20 0
"o 20
0 10
274 180
51.7 )
Negligibie
0 7h

SOLAR 100 AUXILTARY POWIIR REQUIREMIENTS

w/

Armwal
lllilpi(lllnrj (hrs) Annusal MW In
Mornal  Shutdown Hornal - Shuldown
0 —_—- —— .
( 227 —— 56.6
0 730 —— 267.8
0 730 —— 3504
0 —— ——— ——
5256 0 260.7 ———
0 3501 ———— 579.2
5256 3504 623.1 72821
2600 0 52.0 ———
5256 3504 578.2 70.1
5256 3500 52.6 35.0
5756 3504 1h40.1 6730.7
5256 3501 207 35.0
0 350h - 259.3
51,748.5 h,1857.3
56.605.8
g 8,99
%au:é” e V-26 g);f}?
361.!/ 485 = 6o s




o Equivalent collector field operating days of 312 (eguivaient annual clear days

derivec from the weather factor per Section V.A.{).

o 24 minutes per operating day are reguired to unstow and stow collector field
(i.e., |2 minutes each).

(o One receiver feed pump per field is operating whenever there is usable
insolation. The second receiver feed pump per field is required 80% of the
time the first pump is required. Reduction in usage of fhe second receiver
feed pump results from the lower insolation and reduced receiver thermal
power and fiowrates during eariv morning and evening hours.

Loads associated with the turbine generator, steam generator, and relcted
equipment are based on operating during equivalent coliector field operating days
cs follows:

o Begin loading at start of receiver operations.
o Ramp from zero to full load in one=half hour.
o Operate continuously at full ioad until salt inventory in hot salt storage tank

from current day's receiver operation will just be exhausted at end of one-
half hour ramp from full load to zero load.

o Ramp from full load to zero load in one-half hour.

Loads associated with trace heating for the receivers and steam generctor are
based on the hours for equivalent collector field operating days shown on Table
V.B.2 and continuous operation for non-operating days.

Loads associated with frace heating for major pipework are based on operating
these heaters continuously during the non-operating days and not operating days anc
not opercting them during the equivalent collector field operating days. Stored
energy in these large lines generally preciudes trace heater operation during normal
operating days.

On nonoperating days, oll baseiood equipment operates continuously. Other
equipment is not operated on these days.

Net Plant Qutput

The net plant output during operations at full gross power rating of 110 MWe range
from a minimum vaive of 96.6 MWe (collector fields and all receiver feed pumps
operating) fo a maximum value of |04.5 MWe (early evening storage operations
before receiver trace heating is required). The annual overoge net power output is
98.3 MWe (based on the 5,325 hours/year from Section B.1).

V-10
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TABLE V.B.2
CEIVER AND STEAM GENERATOR TRACE HEATING REQUIREMENTS

Hours/Equivalent Operating Day

Dec  Jan/Nov  Feb/Oct  Mar/Sep  Apr/Aug  May/Jul June
Receiver Units .
(772)  Wing Panel Trace 2477hs75kW,  14.8 144 13.3 12.2 IR 10.3 10.1
Nl Heaters
oo M :
(78) Covity Radiant  75k=S00kW, 5.6 b2 X 2.0 0.9 0 0
Heaters
<
rt Pipework, Sumps 500 kW, 4.6 4.2 3.1 2.0 0.9 0 0
- Steam Generator | " ooy S
(92 Heat Exchangers & 93 7A5, 61 kW, 3.8 2.0 2.0 2.0 2.0 1.0 0
- Pipework Y,

W
opeve iy 33457 W{ "?4'/27" cg/;éﬂ 9@//) me 99,79/27 263

§5C AV‘E gt 3]0 O ova}bﬂa N ro,yw,g -
291

7K



V-C.

AVAILABILITY ANALYSIS

introduction

Avaiiability is defined as the percent of time a system, or the complete piant, is
capable of performing its specified function or provide its specified output during
the system, or plant, annual operating periods. A unit is available when it is
capable of service, whether or not it is actually in service. It is unavailable when it
is rendered inoperable because of the failure of a component, work being performed
or other adverse condition.

The availability colculation for a solar power plant considers several factors
different than for a conventionai fossil plant. One is the fact that the output of the
plant (and specific systems) is time limited by the sun cycle. The other is the fact
that the plant caon produce electric power (plant output) from two separate sources,
but one (thermal storage) is somewhat dependent on the other (receiver output).
The output of the thermal storage is capacity limited and the output of the
receiver(s) is time dependent (both time of day and day of year).

The availability calculation for this power plant was performed in fwo ways. The
analysis for the solar portion of the plant (heliostat field, receiver, steam
generators) was performed in a bottom-up manner in which the predicted failure
rate and recovery time for each component was considered and then cumulated into
¢ predicted forced outage rate. The remainder of the plant was analyzed by
utilizing industry-wide availability data for similar units. The failure rates and
recovery times were obfained from References V.C.! through V.C.7. The industry
data were obtained from Reference V.C.8.

Availability Results

The results of the availability analysis are shown on Tables V.C.l, 2, 3 and &.
Table V.C.| gives the results of the analysis of the heliostat field. The heliostat
field will not affect plant availability if the indusfry standard of power piant
availability is used. This standard states that the output power must be reduced by

at least 2% before a reduction in availability is considered. Table V.C.| shows that
only about seven heliostats will fail in any one day, and if we assume that they will
be repaired before the next day's operation, this means that the reduction of power
would be only about 0.05%.

Tables V.C.2 and V.C.3 gives the results of the component-by-component analysis
of the receiver and steam generator systems. Table V.C.2 results add up to about
three failures per year in each receiver, of which about 2.5 will shut the system
down. The individual receiver downtime {unplanned outage) per year will be about
52 hours for an unplanned outage rate of 1.57% . Table V.C.3 gives similar results
for the steam generator system. This system will experience about 3.6 failures per
year, of which 2.8 will be critical. The total downtime will be about 63 hours/year
for an unplanned outage rate of 1.20%.

Table V.C.4 gives the overall results by system. The heliostat field (collector
system) shows @ zero downtime and unplonned outage rate, as discussed
previously, There are two receivers which will each reduce the output power by
50% when down. Therefore, the total downtime for both receivers is twice the 52
hours discussed previously, but only a partial (50%) unplanned outage is charged

V-12
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TABLE V.C.1
COLLECTOR SYSTEM - SOLAR 100
ON-EQUIPMENT CORRECTIVE MAINTENANCE SUMMARY

Failure
Rotg. Operating Annual

Component (10 _Time Population  Failures ~ MITR  Crew  lours

Heliostat Controller 23.68 - 3313 15,424 1,210 I3 2 3,106
Hel. Power/Data Cables 0.11 3313 77,120 28 1.8 2 o
Secondary Field Power/Data Cables 0.22 3313 504 — 3.5 2 —
Primary Power/Data Cables 0.22 3313 8h - 3.5 2 -
Power Distribution Panel 7.0 3313 84 2 1.6 2 7
Mirror Module 0.1 Hel. 8760 15,024 14 2.0 2.5 70
Elevation Actuator 2.73 3313 15,0244 140 2.2 2 616
Azimuth Drive 2.94 3313 15,424 150 4.0 5 3,000

< Elevation Drive Motor *3.35 3313 15,424 171 1.9 2 650
2 Azimuth Drive Motor *3.35 3313 15,h24 171 1.7 Y4 582
®  Heliostat Field Controller 17.03 3313 504 29 2.1 2 122
Field J-Box 1.0 3313 15,424 51 1.6 2 16h
Pedestal 0.11 8760 15,624 15 1.0 2 30
Reflector Support Structure 0.12 8760 15,424 l6 1.5 2 ng8
Power Transformer 2.0 3313 84 - 2.4 3.5 -

’ Position Sensors 1.133 3313 71,120 290 2.1 2 1,218 N

- TOTAL ~ 9,754

*Includes Motor Fuiiure Rate 2.0 and Incremnental Encoder Failure Rate 1.35.




Compohent

Receiver Panels
Receiver Doors
and Motors

Trace Heaters
Radiant Heaters

PL-A

Remole Valves
Check Valves

" Relief Valves
Hand Valves -
*-TR Open
Hand Valves -
*FTR Closed
Level Sensors
Temp Sensors
Press. Sensors
Tanks
Orifices
Pumps
Control Valves
Flow Sensor

TABLE V.C.2
RECEIVEIT-S0LAR 100

Total
Failures » Forced
Operational MTBF  Per Year MTIR Oulage
Population  Hours/Year (Hours) (10™) (i-irs)  Hirs/Yr

20 3133 62,500 _ 1060.2 22.5 23.85

2 122 250,000 0.98 19.3 0.01

712 730 2,500,000 207.9 17.5 3.64

28 24877 2,500,000 27.7 i7.5 0.48
(7%

31 3133 160,000 641.7  19.8 2.7
3 3133 250,000 39.8 19.1 0.76
2 3133 100,000 66.3 19.4 1.29

74 3133 1,000,000 245.2 19.1 4.68

i0 3133 250,000 132.5 19.1 2.53
2 3133 1,000,000 6.63 2.2 0.01

30 3133 1,060,000 99.4 2.2 0.22
| 3133 1,000,000 3.31 19.7 1.96
3 8760 1,000,000 26.28 32, 0.84
h 3133 80,000 165.7 22. 3.65
2 10 16,000 - .25 26.5 0.03

h 3133 160,000 82.8 19.8 .64
i 3133 32,500 101.9 19.4 {.98

# TR - failure to remain

N -

Critical

Yes
No

No
Mo

Yes
Yes
Yes
Yes

Yes

Mo
No
Yes
Yes
Yes
Yes
Mo

Syslem
Down
Hirs/Yr Comments
23.85
0 Assume 10 min. to
open and close,
once each day

hrs/yr = (1/3)(365)

= 122
0
0 Heaters required
for time beyond
(operation hours plus
9 hours) 8760 -
231 3333= 9 (330)
= 2477
12.71
0.76
1.29
h.68
2.53
0
0
0
0.84
3.65
03
1.64
0
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TADLE V.C.3
STEAM GENERATOR SYSTEM - SOLAR 100

Total
Failures 7 Forced Syslem
Operational MTBF Per Year MTTR  Outage NDown
Component Population Hours/Year (Hours) (107) (Hrs) Hrs/Yr . Critical rs/Yr
Heat Exchangers ] 5256 31,000 678.2 28.5 19.33 Yes 19.33
Remote Valves 9 5256 160,000 295.7 19.8 5.85 Yes 5.85
Control Valves 20 5256 160,000 657.0 19.8 13.01 Yes 13.01
Relief Valves 5 5256 100,000 262.8 19.4 5.10 Yes 5.10
Tanks i 8760 1,000,000 8.76 32. 0.28 Yes 0.28
Hand Valves - 58 5256 1,000,000 304.9 19.1 5.82 Yes 5.82
*FTR Open ’ '
< Hand Valves - 12 5256 250,000 252.3 19.1 4.82 Yes .82
P *F TR Closed
Fossil Heater | 662 91,000 1.27 13.5 0.1 Yes 0.1
Pumps | 5256 16,000 328.5 26.5 8.71 Yes 8.71
Temp. Sensors 20 5256 1,000,000 105.1 2.2 0.23 Mo 0
Press. Sensors 5 5256 1,000,000 26.3 19.7 0.52 No 0
Flow Sensors 1 5256 32,500 646.9 19.4 12.55 No 0
Level Sensors i 5256 1,000,000 5.26 2.2 0.014 No 0
Trace Heaters 92 927 2,500,000 34.1 17.5 0.6 No 0

*FTR - failure to remain



TA3LE V.C.b4
TOTAL PLANT AVAILABILITY ANNALYS!S

Outaoe % .
Allocated
System Charge - to Operations
Expected** Downtime Against . Vs
Operating (Forced Outage)  Operations Non-Operations
Svstem Hours/Year Hours/Year Time Time
liostat Field 3,313 0 0 0
Receivers (2) 3,313 103.96 1.57% 0.5%
Steamn Generator 5,256 - 63.62 .20 0.72
Turbine 5,256 220 ' 4,19 2.51
Molten [ Receiver 3,313 20 «30% ol l
salt
loop Stm. Gen. 5,256 . 1o .19 ol
Contro! System 8,760 0 0 0
Total Unplanned outaged 7.45 - 4,04
Plant availability
(excl. pianned outage) 95.96%

* Two receivers each reduce power by 50% when down,
** Based on initial operating time estimates only; availability analysis not revised to
. reflect final estimate of operating time.

against plant availability for each downtime hour. Thus, the unplanned oufage rate

is 1.57%. The vaiue for the turbine system was obtained using historical data for
similar power plants. The zero values for the control system were obtained because
all automatic control systems-are backed-up by a manual system and thus are not
critical. Also, the supervisory and heliostat computers are redundant. The results
shown in the first piant outage column on Table V.C.4 are conservative; the actual
availability will be higher. These results assume that all of the recovery period for
a failed component occurs during operating hours when, in fact, some of the
recovery time falls during nonoperating (nighttime, cloudy days). A calculation to
take this into account (on a rigorous statistical basis) is beyond the scope of this
study, however, a top level estimate has been prepared. The downtime was
assumed to distribute evenly over all times whether operating or nonoperating
times. The receiver unavailability is the number of downtime hours (52 hours/year)
divided by the number of hours in a year (8760). Similarly, the steam generator,
turbine, and molten salt loop downtime is apportioned to the total annual hours,

V-16
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with the salt loop downtime split betweer. the receiver and steam generator loop @
shown or the table. The result is an unplanned outage rate of 4.04%, (=969
availability excluding planned outage) as shown on Table V.C.4.

An analysis was performed on the planned outage of é weeks every 4 years. This
maintenance was assumed fo be performed during December and the first two
weeks of January. The plant output in these months was adjusted downward to
refiect this quadrennial outage on an annual basis.

)

V-D. ANNUAL PLANT QUTPUT

The annual plant output is summarized in the "waterfall" chart of Figure V-D.l. The
figure shows annuai performance assuming [00% plant availability (basec on available
insoigtion per the model of Section V-A). The effects of outages are discussed in
Section V.C.2.

Figures V.D.2 to V.D.5 show similar waterfall data for winter solstice, spring and fall
equinox, and summer solstice.

Collector field performance was colculctedzusing the University of Houston R-CELL
code and annual insolation of 2576.4 kWhr/m%, as described in Section V.A.l. Latitude
cnd elevation were based on Barstow to be consistent with the insolation model. A
survey of West Associotes data (Reference V.A.1) in the California desert did not
indicate any systematic variation of insolation with elevation. A coliector field down-

Annual Average - - -
2256 insolation = 2576 KW-Hr/m2 AT &
1.000 )
’ 2 U<t ’
cﬂévs LJ Lo VG’ /ml/\\/%/lﬂ_%? ~] = 52 4_3;_\
2000 t—
1917
_ 0.849
£ 1726
2 0.764 }4682 {Absorbad
& 0.736 11548 ,e0s ., in Receiver)
3 0.685 omr o 1459
] 071 1'0.659 [0.646]_1375_ 1363 (Available
w 0.6C5 | 0.606 Jt© Turbine)
B
- >
1000~ | § 2 B £
s = £ @
3 E z 3 5§ § %’
£ T8 e = e 3$ >| B 03
= Ele| 2128 18S|.3[%¢8]zEs
z 2 H s 8 1 85 | 52| 58 | 52 |sses
E B £ g 2] O3 | 2€1]1 28 2
Tl E1 22| E: |28|%8]%83 gg 0.259] ag9.4
S| e 2| 3|2 82|28 & 2[0217
®'s =
THEE
°58l 5§
OFulS2S
0 1,000 | 0.849| 0.800 | 0.963} 0.832 | 0.978] 0.983}0.680] 0.842] 0.9960.427 | 0.837

Performance Factors

Figure V.D.1. Annual Average Performance

V-17

?);S-B)ODO _ @76 4{,7W\Z_




800 =

800 t=

700 —

600 —

Power (MW)
wm
8

400 =

300

100 —

77.6
1.000
832.2 Winter Soistice Noon
{Design Point!
0.848 insolation = 1000 W/m2
749.8 542.1
08541 0 a4
0.788 8. 664.9 /m Recsiver)
0.771 651.6
0.758
0.742| g23.6 622.8
0.711 | 0.708 | )
{Power t©
» Storage)
§ " | 385.2 MW,
3
8
g
2
3
3 §
.E § B2 3 5 n
E = :,'8 2 =c
g T £ s ;ét_: 257.8 | } (Availabie
- 073 - .
£ > 2 5 E gz 2 l'-!§ 0.708 10 Turpine)
= :.;_ > e = 8'5 - =&
£ o ° E 2 £ Oz ] 58 E
= = g 2] B g | =8| % 8
s | 2| s | Bl 2| & | 35| E |8
< (3] .4 A < £ wX = =8 i
B
110.0
-]
0.302
0.266
T
5c | 5
1.000 0.948 | 0.000} 0.090 | 0.832 ] 0.978} 0.983 | 0.980 | 0.257 | 0.888 | 0.427 | 0.881

Performance Factors

Figure V.D.2. Winter Soistice Noon Performance {Design Point)
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700
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400
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200
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Spring Equinox Noon

863.6 Insoiation = 985.1 W/M2
1.000
783.7
0.918
2143 9072
0.827 o810
{Absorbed
858.1 644.6 in Receiver)
0.763 kI 633.6 621.0
) 0.754 -
0.718 | 593.2 582.0
0.687 | 0.685
- {Power to
5 » Storage)
L 334.4 MW,
5
®
:
E . £
- & 5]
£ 8 22| 3 |« &
= =) €z 3 £
< 2 zE £ | 55 |2872.61J (Availabieto
£ » | 21 | = | 88| 2 | 35 [o6e5| Turbine
: § .E . g 'g 85 < T g E
= 2 ] =% ® s
Elel B BB | B (sl s
g 2 2 s | 381 £
| 8|e|a|2|E[82)& |28
110.0
96.9
0.282
0.258
2= -
°E | <8
ow | 23
1.000 | 0.918 | 0.900 | 0.680 ] 0.832] 0.8978 0.983‘ 0.680 | 0.255 | 0.008 |0.427 | 0.881
Figure V.D.3. Spring Equinox Noon Performance
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Figure V.D.4. Fall Equinox Noon Performance
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0.668
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siope, from north-to-south, of 1.5° was used for both fields. This value was selected as @
representative average for the field basec on several collector field performance runs
from zero to 2.5° slope.

—eliostat size and performance data are based on MDAC Model 50 heliostat
characteristics.

Table V.D.1 summarizes the design point and annual average efficiency for the receiver.
TABLE V.D.!
BASELINE RECEIVER EFFICIENCY DATA

Design Point Annual Av.eroge

Loss Mechanism Efficiency Efficiency
Reflection 0.980 0.980
Radiation 0.983 0.976
Convection 0.974 0.965
Conduction 0.298 0.986

Total Thermal 0.936 0.910
Spillage 0.978 0.978

Total Receiver Efficiency 0.916 0.890

Reflection and radiation losses were estimated using a NASA radiation heat transfer
computer code, TRASYS. Convection losses were modelled as a root-sum-square of
natural and forced convection. Natural convection was modelled with the simplified
Abrams model which predicted an enhancement of free convection for the cavity over
that for an exposed flat plate. Forced convection was modelied based on receiver frontal
area, the Achenbach correiation, and the Lucerne Valley "wind rose."

Gross turbine generator cycle efficiency of 0.427 was used for all turbine generator!
operations. This corresponds to a gross turbine heat rate of 7988 Btu/kWe/hr.

Plant auxiliary loads and availability were calculated as discussed in Sections V.B.2 and
V.C. A tabular summary of the plant net output is shown on Table V.D.2. Daily gross
output values shown are for monthly average clear days. Net monthly values are derived
from the daily gross output values by accounting for weather, and ouxiliary loads. The
resulting annual energy output is 524 million kWh. Table V.D.3 shows the adjustments o
monthly gross output and auxiliaries for planned and unplanned outage. Monthly values
from Table V.D.2 were adjusted by the 0.96 plant availability due to unplanned outages.
Jonuary and December values were adjusted for the quadrennial pianned outage. The
final annual energy output is 489 million kWh.
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TABLE V.D.2(a)

PLANT NET OUTPUT
{(AM) Hours rm)
Met Load/
Manth 1222 24 45 5-6 61 18 810 012 122 2-4 h6 68 810 10-12  lolals Gross Load
Jan (22.75 Op Days per Monih)
Gross/NDay 0 0 0 0 0 0.55 192.16 220 220 220 220 220 220 121.4 16681.75
Gross/Month 0 0 0 0 0 12.5 A5h4.5 50050 50050 5005.0 5005.0 5H005.0 50050 27628  3/3h9.8
AmfMonth 1300 1330 1107 1107 1124 1318 €065 6666 6666 6065 39 5D WL 262l 45263
Net/Month -130 -139.1 21107 -H10.7 0 SN2 -119.3 3938.0 43384 431384 43985 A6T3.) h679.7 h618.9  2500.7 78235 8719
Feb (21.94 Op Days per Month)
Gross/Day 8.32 0 0 0 0 37.95 220 720 220 220 220 220 220 2ih.03 1800.70
Gross/Month 182.5 0 0 0 0 832.6 h826.8 1826.8 408268 4826.8 NB26.8 48268 4hB26.8 h104.6 39507.3
AoxiMonth 1355 1097  8l2 995 1004 1908 6OL4 6267 6261 GOLA W26 2970 2984 2914 A
< Net/Month 47.0 -109.7 -Bl1.2 -99.5 -100.4 6M1.8 4225.h 4200.1 6200.1  h225.h  hA20h.2  0529.7 4h52B.h  hh0OT.2 350718.5 87
)
W .
Mar (27.62 Op Days per Month)
Gross/Day 1555 0 0 0 325 9842 20 20 20 20 20 20 220 21831 18752
Gross/Month 429.5 -0 0 0 89.8 2710.1 60764 6076 6076.4 6076.h  6076.n 60768 6076.h  6079.7 5171939
Aux/Month lh6.6 - 1022 568 1080 1480 2922 7528 7528 7528 7528 4829 358 3.5 3WA 53616

Net/Month 2829 -102.2 568 -108.0 -58.2 20179 5323.6 53736 53236 5323.6 55935 S57M0.6 51369 56913 164323 096

Apr (28.10 Op Days per Month)

Gross/iay 6037 0 0 0 50.38 110 - 220 220 220 220 720 220 220 220 1960.75
Gross/Month 11344 0 0 0 18157 3091.0 6I82.0 6182.0 46I82.0 61820 6182.0 6182.0 4182.0 61820  55097.1

Aux/Month 1677  92.3 W0 764 2429 3.3 7660 7660 7660 7660 5928 3316 3IBO 3363 56290
Net/Month 9667 923 471 764 11728 27507 Sa16.0  S416.0 54160 54160 5589.7 S5AS0.4 58440 58450  h916R.] A8
May (29.39 Op Days per Month) ‘

Gross/Day 763 0 0 1.3¢ 9335 110 220 220 220 220 220 20 220 220 2041.5

Gross/Month 22436 - 0 0 40.0 ?27M3.6 32329 6hé5.8 64658 6h65.8 60658 6h65.A  G4G5.8  Gh65.B  6h65.8 599865

AmiMonth 2105 9.9 453  BLS 283 L0 7842 82 782 JBR2 G680 3559 A A3 SONGE

Net/Month 2033.1 -91.9 459 415 2056.3 28509 56816 5681.6 5681.6 56816 57977 61099 61216 6122.5  54039.9 .0



TABLE V.D.2(b)

e e o o gt

PLANT NET OUTPUT

SO .. Hours MY
1300 1 oculf

Month 122 24 &5 56 61 1B 810 1042 122 24 &6 GB 040 1042 foigls  Grosolowd
Jun (26.13 Op Days per Month)

Gross/Day 215.85 9.25 0 a.64 10453 110 220 220 220 220 220 220. 220 220 2201.37

Gross/Month  5621.9  241.7 0 220.5 2731.6 28763 5748.6 S57/48.6 5748.6 5748.6 S5748.6 5 JuR.6 5M8.6 SMB.6  516/8.6

AofMonth 3259 1308 Sl2 166 2618 3594 1173 NI 7119 119 627 3B 06y 35T 51620

Net/Monlh 5296.0 i06.9 -54.2 103.9 2463.6 25149 5030.7 5030.7 5030.7 5030.7 35i2i.5 5393.8 5H21.7 5h22.7 51916.6 S
Jut (27.00 Op Days per Manth)

Gross/Day 76.04 0 0 1.3 9335 110 220 220 220 220 220 220 220 220 7040.72

Gross/Month  2052.3 0 0 36.7 25205 2970.0 5940. 5960, 5940. 5%40.  5940. $940. 5940, 5940, 55099.%

AmfMonth 218 1058 529  B55 2u7 3608 418 Jul8 7alB 7418 6352 MBS JVB W68 51198

Net/Month i832.5 -105.8 -52.9 488 22458 26092 5i98.2 S5i98.2 5198.2 51982 53048 559 1.7 5602.2 5603.2 49379.7 896

5
» Auvg (27.60 Op Days per Month)

Gross/Day 68.20 0 0 0 $6.38 110 220 220 220 220 220 220 220 220 1988.58

Gross/Month 1882.3 0 0 0 1390.5 30360 60720 60720 60720 60720 6072.0 60720 60720 60720 540808

AvcfMonth 1754 1023 522 8DA 2410 3.0 7525 5.5 7525 7525 SBS.E 333 39S 34 T 55904

tet/Month 1707.2 -102.3 -52.2 B804  1149.5 27089 5319.5 53195 53195 53195 5486.9 $738.7 57325 571336 492914 = 98
Sep (26.70 Op Days per Monih)

Grass/Day 15,88 0 0 0 325  98.17 220 220 2'20 220 220 220 20 2i8.42 18/15.72

Gross/ Month 4240 0 0 0 068 26210 5874.0 S874.0 58740 58740 58740 5874.0 58740 58318  5008{.7

Av/Month 1820  99.0 550 1046 1432 2826 180 12801 7280 7284 b6z 350 3285 74 5i90

Nei/Month 2820 -99.0 -55.0 -104.6 -56.4 23185 5159 51459 51459 S5i45.9 5406.8 5549.0 55455 5504.5 448947 A9
Oct (27.60 Op Days per Month)

Gross/Day 8.56 0 0 0 0 3795 220 220 220 220 220 220 220 214.63 1800.14

Gross/Month 2363 0 0 0 0 1047.% 6072.0 60720 6072.0 6072.0 6072.0 60720 60720 59208 497115

Aux/Month 1348 (023 813 1072 j08.3 2220 7207 7525 I525 120.7  470.5 3379 3195 3384 5191.6

HNei/Month i6l.S -|.02.3 843 -107.2. -i08.3 825.5 53513 5319.5 5319.5 53503 56001.5 $739.0 57325 5505.h  AWH5i9.9 8%
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TABLE V.D.2(c)
PLANT NET OUTPUT
(AM) 1Hours (I’M)
. . ) Het Lond/

Month 122 24 A5 56 61 18 B0 1042 122 24 A6 6B RN 1002 futels  GrossLowl
Nov (24.68 Op Days per Month)

Gross/Day 0 0 0 0 0 0.56 199.75 220 20 220 220 220 220 121.22 I6ht.51
. Gross/Month 0 ] 0 0 0 13.8 1929.8 5429.6 5429.6 5h29.6 5h29.6 5029.6 5n29.6 2991.7 h0s12.9

AfMonth 1103 1202 1067 10h7 1066 1268 €200 6922 €22 @10 390 @2 W9 BIL 455

Net/Month -103.3 -120.2 -1oa.7 -104.7 -106.6 -113. 4302.8 47374 %737.4  4802.6 5100.6 51078 5106,7 271380 359714 808
Dec (22.51 Op Days per Morith)

Gross/Day 0 0 0 0 0 0 175.45 220 220 220 220 220 219.26 19.22 1511.93

Gross/Month 0 0 0 0 0 Q0 3949.h  H952,2 1952.2 1952.2 h952.2 A952.2 KOS5 h32.6 3n078.5

Aux/Month 3.9 1899 N20 1123 126 1IA5 5128 6623 6623 5180 3220 3 355 ) 43529

Net/Month 1319 -149.9 1120 1§23 -H2.6  -1160.5 3376.6 4289.9 42839 A374.2 W62 h627.5 4GIN.0D 260.5 29725.6 872
Yearly Totals (312.02 Op Days per Year) /¢ wa— = ! B85S WE

36S 7

Gross/Yeor 585782.1

Aux/Year 62276.5

Met/Yeor 121817 -1107.8  -854.1 -890.2 88331 19306.4 58309.6 60000.8 GOUDNDB 60261.5 627IN.0 616525 616607 55146 523505.6 8%

2.33%_ O21%  -0.16% -0.471%  1.69% 3.69% Hl.04% 11.86% 11.406% 11.51% 11.98% 12.35% lZ.Il‘i% 10.59%
. e e )
Hours 12-2 2-4 h-5 5-6 6-7 7-8 8-10 i0-12 12-2 2-h h-6 6-8 8-10 10-12
Sumemary by Pertods OQO’?S’ M@é "‘\O(éceé
i

12PM - 6AM  9329.6  1.78% J’){Q woed / fon co Ow[a%eq

12PM - BAM  37869.1  7.16% (

10PM - 6 AM 647492 12.37%

10PM - BAM  92883.7

17.76%




TABLE V.D.3
PLANT OUTPUT WiTH PLANNED AND UNPLANNED OUTAGES
: ' >
on F\WV\NLOQ ()4 @0””””/( )
Month {% x Gross\. 1% - Aux. Adj. for Outage = Net
.,4%@

Jan 30072.4 . 3968.9 26103.5
Feb 37927.0 4350.5 33586.5
Mar 49722.1 5175.2 B4548.9
Apr 52893.2 5419.7 47473.5
Moy 57587.0 5722.1 51864.9
Jun 553715 5563.7 - 49807.8
Jul ' 52895.5 5524.3 47371.2
Aug 52689.4 5396.0 472934
Sep 48078.4 5007.0 43071.4
Oct 47723.0 : 50122 42710.8
Nov 38892.4 5402.2 34490.2
Dec 24536.8 3462.6 _ 21074.2

548,388.7 58,994.4 489,394.3
V-E. PLANT OPERATION AND MAINTENANCE

2.

Introduction

This section describes elements of the plant maintenance plan inciuding the
maintenance concept and support resources required to operate the piant. This plan
forms the basis for operations and maintenance (O&M) cost estimates presented in
Section VIII.B.

Plant Maintenance Concept

All maintenance functions performed on plant hardware, including support
equipment, are categorized in one of three maintenance leveis defined as:

Online - Maintenance performed on plant equipment while installed in its operating
location. This includes scheduled and unscheduled (corrective) actions required to
inspect, service, calibrate, fault isolate, replace components, repair in-place, and
verify system operation.
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Qffiine - onsite level - Maintenance performed on plant equipment subsequent to
removal from its operating location or installed condition and accomplished in the
plont maintenance and repair building.  This includes disassembly, inspection,
repair, service, calibration, reverification operation, and proof testing or load
reverification.

Offsite - Maintenance performed on plant equipmeni af designated offsite

Tocations; for example, ot supplier's manufacturing facilities. It consists of

maintenance thaot requires equipment, facilities, or skills which are not economical
fo establish at the plant maintenance facility. This includes repair, overhaul and
rebuilding. Maintenance oncalyses were performed to include both scheduled and
unscheduled maintenance. Reliability analyses were conducted on the solar design
fo determine mean time between failure, as discussed in Section V.

The basic fieid maintenance concept is to remove and replace failed functional
assemblies. For each item, actions required to remove and replace the crew size,
the time required to remove and replace spares and spare parts, and any support
facilities and equipment are defined., This is based on MDAS product support
experience including specific experience during the Collector SRE for the Solar |
program.

a. Online Maintenance

Corrective - System repair is accomplished in the most economical manner
consistent with meeting availability requirements without degrading
performance, reliability or safety. Repair methods for each of the plant
major equipment group is selected to satisfy this criterion.

Functiona} assembly replacement - Removal and replacement of a complete
functional assembly which implies a spare ifem is available onsite to reploce
the failed item. The failed item is repaired, functionally tested, and
returned to spares stock. Procedures provide sufficient date to identify the
failed item, system maintenance preparation (operational mode or status
requirements), safety precautions, special replacement requirements,
support eguipment, and any servicing or functional test subsequent to
replacement

Detail part replacement - Applicable for specific failure modes when
functional assembly design and installation permits access for replacement
of detail parts. Examples include panel switches and indicators, electrical
connectors, and valve packing, seats, poppets, or other internal parts. Spare
parts are stocked on site. Procedures provide coverage similar to that
described for functional assembly replacement.

Standard repair process - Apply to static mechanical, structural and other
nonoperafing components such as piping, support structures, electrical cables
and wiring. Actions include ‘welding or splicing in new sections, corrosion
control, cleaning, refinishing and painting. Bulk materials, row stock and
spare parts are stocked onsite.

. Remove, repair and reinstall - Applicable to functional assemblies and other
major items when in-place repair is not feasible and repair by replacement is
not warranted due to high cost of replacement items.
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b.

Co

Scheduled - Scheduled maintenance is categorized as routine or planned

outage. Routine scheduled maintenance includes inspection, servicing,

cleaning, painting, calibrating, testing, and component replacement or
change-out which can be accomplished during norma! system operation or
during daily non-operating periods (i.e., overnight).

Planned outage consists of the refurbishment or major overhaul of system
equipment. System planned outages are scheduled concurrently when
possible and planned well in advance to reduce down time and assure
availability of maintenance support equipment, -replacement parts, bulk
materials, and personnel.

Certain tasks are planned to be performed by outside maintenaonce
organizations, working under negotiated service contracts. The use of
service contracts for these tasks is preferable to establishing new skill
classifications and incurring training and capital equipment expenses.

Offline, Onsite Maintenance

Maintenance performed in the plant maintenance and repair shop is
essentially limited to bench type repairs which ecan be accomplished with
standard (off-the-shelf) multi-purpose fools and test equipment.
Meintenance beyond this capability is accomplished offsite uniess increased
capability in the form of additional tools and test equipment is justified by
cost considerations or technical reasons. Repair parts and bulk materials to
support maintenance of components designed .as onsite shop repairable are
stocked in the maintenance facility.

Offline, Offsite Maintenance

Piant equipment designated for offsite maintenance is repaired at existing
utility maintenance facilities or a supplier manufacturing facility. Repaired
or overhauled items are subjected to the original product acceptance test or
equivalent prior to returning fo spares stock.

Support Resources

A preliminary assessment of the support resources needed for the Solar 100 plant
has been completed. These resources are categorized as:

©

o)

Spares and repair parts
Documentation

Training -

Special tools and test equipment
Facilities

Staff




b.

Spares and Repair Parts

A preliminary spares analysis was conducted based on the hardware
configuration and the mean time to repair.  Repairable functional
assembiies, upon failure, are removed from the system, piaced in the repair
cycle, and subsequently returned to spare stock inventory. Initial spares
guantity for these items is the sum of the pipeline quantity and a
contingency supply. The quantity is based on the maximum number of items
in the repair pipeline at any given time, which is calculated using the failure
rate and the repair cycle time. A repair cycle time of five days is
projected. The initial spares quantity for nonrepairable items (i.e., those
discarded at failure) is set at the predicted number of failures per year plus
¢ contingency quantity. The initial spares quantity will be procured and
stocked at the repair location when the first year of operation begins.

The discard factor represents the number of failures which result in an item
being discarded instead of repaired. The product of the total number of
failures per year ond the discard factor equals the number of replacement
items to be procured during subsequent years.

Spares, repair parts, and bulk materials are procured and stocked to directly
support the maintenance functions at each maintenance level (online, offline
onsite, and offsite). Specific requirmeents are derived by allocation of the
maintenance analysis to each of the major systems.

Documentation

Characteristics and Performance

Design requirements including physical configuration, performance,
operating characteristics and limitations, test data and requirements are
provided to completely describe the system.

Instructions

Station manuals consisting of the following three volumes or books for each
system will be provided:

o System Description Book
o Equipment Data Book

0 Drawings and Diagrams

. In oddition to the station manuals, user's manuals will be provided which

contain operating instructions and maintenance data.

Operational functions will be described in sufficient detail to permit
development of overall system operating manuals. The minimum data
required by a skilled and knowledgeable technician 1o accomplish
maintenance functions will be provided.
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Training

The training will concentrate on the tasxs, skills, and knowledge the SCE
operctional and maintenance personnel will need to effectively and safelv
operate and maintain the solar systems in the plant. It is anticipated that
most of the training will be conducted at the Solar 100 site; however, it
many be necessary to hove some portions of the instruction conducted at
offsite locations, e.g., equipment supplier facilities. Any supplier units of
instFuciton which are conducted either onsite or offsite will be infegrated
with MDAC instruciton. :

The courses planned for Solar 100 personnel include the following:

° Solar Equipment Orientation

o) Control Room Operations

) Piant Equipment Operations

o Electrical/Electronic (E/E) Equipment Maintenance
o Mechanical Equipment Maintenance

Special Tools and Test Equipment

in addition to the traditional power plant support equipment, e.g., welding,
flushing, water conditioning and mobile lifting and hoisting equipment, the
Solar 100 plant will require equipment and tools unique to the collector. A
tentative list of these litems is provided in Table V.E.l.

Facilities Requirements

The maintenance concept as applied to the collector field requires onsite
facilities for storage of maintenance support spares and material, and for
repair of discrepant items. :

Storage Facilities - Based on the quantity of spares commended for
maintenance support, an area of approximately 2000 ft° is required for
storage. In addition to usual utilities, this area will be furnished with parts,
racks, and bins and a loading dock.

The storage area will be colocated with the maintenance area.

Maintenance Facilities - The facilities needed fo house and support the
repair activities are ermined by both the nature and the freguency of
repairs. About 1,000 ft° is required. Only one special fixture is required, a
support fixture needed fo hold the heliostat azimuth drive during preparation
of the. unit for shipment and installation. Other items can be disassembled,
inspected, reassembled and test on standard work benches.

The azimuth drive weight, approximately 330 pounds, precludes manual
lifting of the unit. A mobile, hand-operated joist or jib crane is considered
adequate for this purpose. This area will alsc be furnished with tool cribs
and storage to test equipment.
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TABLE V.E.l.
SUPPORT EQUIPMENT SUMMARY

T

ltem Use

Commercial items

l |.  Mobile crane |0-tons, with Remove and hold heliostat refiector
*  standard rigging during removal and replace of azimuth
drive.

2. Forklift with hoisting adapater Remove and replace azimuth drive.
| 3. Hydra-Set, 2-1/2 tons Precise positioning of reflector during
: reinstaliation on the azimuth drive.
, 4. Pickup truck General.
} 5. Wyler minilevel Measurement of mirror module cant angie.
’ é. Oil injector Fill drive housing with oil.

Special items

. *Portable control unit Fault isolation and contro! of an individual
heliostat.
’ 2. Service link kit Stabilize heliostat reflector during
- removal and replacement of elevation
jack.
3. Jack adjustment tool Set elevation jcék extension to a design

point for initial track calibration.

&, Clinometer mount Provide interface between clinometer or
minileve! and main beam reference point.

: 5. Hoisting tool, azimuth Remove and replace azimuth drive.
' é. Hoisting tool, reflector/drive/ Remove and replace refiector/
‘ support assembly drive/support assembly during
| azimuth drive change out.
' 7. Tool, panel leveling : Measure mirror module cant angle.
‘ Used in conjunction with Wyler
: mini-level.

8. Sling, mirror module lifting Remove and replace mirror module.
i

V-31




The maintenance requirements of the remaining plant require additional
facilities similar to standard utility plant support.

Steffing

Supervisory, operations, maintenance, clearical and security requirements
were considered in developing a staffing estimate for Solar 100. The
manning recommendations presenfed on Table VIlL.D.l resuited from
analyses which explored the accepted provision of personne! to operate and
maintain established SCE plants (such as San Bernardino and Coolwater) and
extrapolated these data to determine requirements for the turbine generator
and balance of plant at Solar 100. Solar unique personne] requirements were
added. The solar manpower reguirements were developed by detailed
analysis of equipment characteristics. Predicted failure rates, equipment
quantities, annual operating hours, crew sizes, and estimated repair times
were combined to develop annual manhour estimates.

These resultant manhour numbers. were then converted into equivalent
numbers of personnel needed. The fotal quantity of personnel was
segregated into the necessary crafts and skills, and combined with the
furbine generator and balance of plant personnel to form the plant tfotal
staffing requirements. '

Potential support by the external maintenance -division of Southern
California Edison was not considered in the development of the staffing plan
at this time.
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Vi, SITING

A siting study was performed o determine the best site for locating Solar 100. However,
the Edison Companv is presently in the process of licensing a 1290 MW peaker park at
Lucerne Valiev anc deciced to submit an appiication fo include the Solar 100 project on
the same site.

Accordingiy, the Solar 10C plant is contemplated for the Lucerne Valley site
notwithstanding its fourth piace site ranking. The two most compelling reasons for siting
at Lucerne Valley which were not addressed in the independent siting study were:

) Time - Bv "pigaybacking” on the Peaker Park licensing activity é-12 months are
saved in the licensing of Soiar 10C, and

2) Water - Negotiations for a water supply have essentially already been completed
guaranteeing water availability for Solar 100. Location of Solar 100 at other sites
may require lengthy (and possibly unfruitful) negotiations for water.

The Siting Analysis investigated potential solar plant areas iocated in Edison's
service territory (principally Southern California), although one location in Nevada
was also investigated. Initially 20 sites were determined to be suitable and this list
was subsequentlv reduced down to |0 viable sites. Environmental investigations
into most of the sites were somewhat limited due to time restraints. However,
several of the sites (e.g., Cool Water and Lucerne Valiey) had been previously
studied in conjunction with other siting investigations and so, were more fully
analyzed.

VI-A, CRITERIA FOR SITE SELECTION

The intent of the siting study was to provide a systematic evaluation of candidate sites,
within and outside the Edison service territory, that can be utilized for solar thermal
development. A broad spectrum of real estate properties were considered. These
included Edison owned properties, privately owned rea! estate and federal land.
Consideration wes given to sites that have at least two sections (1,280 acres) of
unobstructed lond with a gentle south facing slope, close proximity fo highway and
fransmission lines, and low environmental impacts. Sites with low elevations (below
500 ft.) and high ambient wind conditions (over 30 mph wind for more than 5% of the
time) were excluded because of low solar insolation and fugitive dust problems both of
which greately impair solar thermal heliostat performance. Basic assumptions were
1?s’fcblished to aid in the preliminary screening of candidate sites. They are listed as
ollows: ‘

Design Criteria

Insolation (Direct) , - 7.5 kWh/m2 day

) (300 Btu/ft.“/day)
Wind - < 20 mph 95% of time
Seismic - low
Soil loading - 3,000 Ibs/ft.2
Slope - less than 10° south slope
Area required , - 1,200 acres {minimum)
Altitude - 3,000 - 4,000 ft. elev.
Water availability - 2,600 ofy
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Coliector and Receiver

Peint focusing heliostats

North fielc arrangement

2 fields. east-west or north-south arrangement

(each field reguires 600 acres)

No. of heliostats required - 15,000 to 16,000
Tower Height - 670 feet (2 towers)

Based on the above criteria, the candidate sites were evaluated and rated on
compctibility with public acceptance, environmental impaci, seismicity, economics anc
other potentici physical constraints. )

Vi-2, CANDIDATE SOLAR THERMAL SITES

The basic assumptions presented in Section A were used for the preliminary screening of
cendidete sites. A total of twenty potentially developable sites were proposed for
evalugtion. These sites were further reduced fo ten for an in depth siting evaluation.
These sifes are listed in Table V].B.l. .

Tabie VI.B.]
Candidate Solar Sites

. Lucerne Valley - San Bernardino County (TéN, R3E, Sections 25, 36 and T5N, R3E,
Section ).

2. Cool Water - San Bernardino County (T9N, RIE, Sections 13, 14, 15, 23 and 24).
3. Alvord Well - San Bernardino County (T! IN, R3E, Sections |3, 14, 23 and 24).

4. Vidal Valley - San Bernardino County (TIN, R223, Sections 25 and 2§, TIN, R23E
and Section 30). .

5. Tenmile Well - Nevada, on Searcshlight quad (T30S, R63E, Sections 13, 14 and 15).
§é. North Lucerne Valley - San Bernardino County T7N, RIW, Sections 31, 32 and 33).
7.  Ord Mountain, South - San Bernardino County (T3N, RIE, Sections | and 2).

8. Lockhart Ranch, Harper Lake Area - San Bernardino County (T1IN, R5W, Section
25 and T1IN, R4W, Section 30).

¢.  Camino - San Bernardino County (T8N, R20E, Sections |9, 20 and 21).
10. Midland or Big Marias - Riverside County (T4S, R2IE, Sections 34, 35 and 36).

These sites were selected because of their advantageous physical settings, minimal
environmental impacts and favorable political climates.

Vi-C. LOCATION AND ENVIRONMENTAL DESCRIPTION OF CANDIDATE SITES

The following is a brief summary of the locations and general descriptions of each
candidate site. An overall presentation of the locations of the sites is depicted in
Figure VI.C.1.
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Site No. |

Site No, 2

Site No. 3

Lucerne Vailey

This site is located in the Upper Johnson Valley, San Bernardino
County, 32 miles southeast of Barstow, in TéN, R3E, Sections 25, 36
and T35N, R3E, Section |. Elevation of the site is between 3,200 and
3,600 feet with a slope facing south to south-southeast. All three
sections of the land are owned by Edison.

Siopes are in the 2 to 5% class rangs and simple except for part of
Section 36 which is undulating. The predominant vegetation at the
site consists of a widespread desert creosote scrub, 5 to 14% density
with herb understory of less than 4% density (A. dumosa -
L. tridentata community type).

The NE corner of Section 25 is a part of the Emerson fault, Primary
access to the site will be by way of Bessemer Road (a typical desert
dirt road) extending from State Highway 247 about 16 miles northeast
to Bessemer Mine. The Atchinson, Topeka, and Santa Fe Railroad
Company's Cushenbury Line terminates about 30 miles southwest of
the plant site,

The site is located in the SCE's Cool Water Generating Station, which
is 12 miles east of Barstow, in the Mohave Desert of San Bernardino
County (in TN, RIE, Sections 13, 14, 15, 23 and 24). Elevation of the
site is between 1,935 and 1,970 feet with a slope facing east. The site
is completely owned by SCE. Slopes are in the 0 to 2% class with a
simple surface configuration of undissected to slightly dissected
alluvium,

Presently, nearly all land within the Edison property is occupied by

‘permanent structures, parking lots, storage yards, roads, evaporation

pond and agricultural crops. Cresote Brush Scrub was at one time the
predominant vegetation at the site. Because of the type and extent
of human activities occurring on and ground the site, desert tortoises
and Mohave ground squirrels, which are considered rare and protected
animal species, are no longer observed at the site.

Alvord Well

The site is located south of the Alvord Mountain in TIIN, R3E,
Sections 13, 15, 23 and 24, of San Bernardino County. The elevation
of the site is between 1,780 and 2,120 feet. Slope faces southwest,
Alvord Mountain is to the north at 3,456 feet, Fort Irwin Military
Reservation is § miles fo the north over the Alvord Mountain.,

Slopes are generally greater than 2% to 5%, primarily undulating, no
complex surfaces, small inclusions of sand dunes and wash area, Land.
forms are primarily moderate dissected alluvial fans which are of
Quaternary age, except for the wash which is Recent in origin and is
composed mostly of sand.
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Site No. &4

Site No. 5

Site No. é

The predominant vegetation from visual field inspection is o shrub
oversiory of less than 4% density and herb with understory, also less
than 4% density. This wvegetation is primarily of A. dumosa -
L. fridentata, gune L. Tridentata - Lvecium Sp.. and wash —. scisolg -

L. frideniete community types.

Vida!l Valiev

This site is located in Vida Valiey southwest of Videl Junction in
THIN, R22E, Sections 25 and 25 and TIN, R23E, Section 30 in San
Bernardino County. Elevation at the site is between 830 and 940 feet
with southeast facing slope. The site is wedged between the Coiorade
River Agqueduct and Route 62 and the Santa Fe Railroac.

Slope at the site is gentle between 0 to 2% across the area. Majority
of the area has a simple surface; remaining area is undulating,
moderately dissected alluvial fan or fan terrace. The site is vacant
and undeveloped. :

The prevalent vegetation consists of a shrub overstory with less than
4% density and a herb with understory aiso less than 4%. Larrea
tridentata - Lycium sp. community type with much A. dumosa is the
prevailing vegetation.

Tenmile Well

This site is located at the western border of Nevada in the Piute
Valley in T30S, R63E, Sections 13, 14 and 15. Elevation is between
2,672 ond 2,890 feet, with a slope facing southeast. The site is
approximately 9 miles south of the town Searchlight, Nevada; 8 miles
{o the east are mountains at about |,000 feet higher. There are aiso
mountains to the west (Hart Peok at 5,543 feet, approximately
8 miles to the SW).

Prevailing vegetation is a short tree overstory with less than 4%
absolute density witha shrub understory at 5 to 4% density.
A. dumosa - L. tridentata with Y. breviofolia - Y. schidigera is the
‘major community fype.

The area is fairly homogeneous with a 0-2% slope undulating terrain
across a moderately dissected alluvial fan of Quaterncry-aged
material

The site is currently vacant and undeveloped. There are no active
faults in the surrounding area. ~

North Lucerne Valley

This site is located in North Lucerne Valley, bordered on the north by
the Stoddard Ridge and south by Sidewinder Mountain, in T7N, RIW,
Sections 31, 32 and 33 of San Bernardino County. The site is basically

ringed by mountains open to the SE.. There is agriculture and’

residences to the SE. Elevation is between 3,200 and 3,560 feet with
slopes facing SSE in Section 31, S in 32, and SSW in 33.
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Site No.7

Site No. 8

Site No. ¢

The majority of the arec is in the 0-2% and 2%-5% slopes, with only @
very small aea up to 10% siope. Alimest all cf the area has a simple
surfoce on undissected to slightly dissected alluvial fan or undissected
to slightly dissected pediment. The principal vegetation is a shrub
overstory of 5 to 14% density and a herb understory of less than &%
density. In the east or west portions of this area are short trees.
A. dumosa - L. fridentata and L. tridentata - Lycium Sp. are the main

shrups with Yucca schidigera.

Ord Mountain, South

This site is located in Lucerne Valley, with East Ord Mountain fo the
NE, approximately 5 miles away, and West Ord Mountain to the NW at
about the same distance. T5N, RIE, in Sections | and 2 of
Son Bernardine County, .is the legal locational description. of the
site. FElevation is between 3,075 ond 3,400 feef with slope facing
mostly south in Section | and southwest in Section 2, The surrounding
peaks and ridges are at 4,636 feet two miles to the north, 3,216 feet
three miles ESE, and 4,419 feet 7 miles WSW,

Siopes are generally between 2-5%, undulating and range from simple
to complex: the complex area is moderately dissected fan terrace,
while the rest is moderately dissected alluvial terrace. Major
vegetation consists of a sperse shrub overlay with 5 to 14% density,
with a herb understory of less than 4% density. Ambrosia dumosa -

L. tridentatc is the main community fype.

Lockhart Ranch

This site is located directly southwest of the Harper Dry Lake area in
T1IN, R5W, Section 25 and T!!, R4W, Section 30 of San Bernardino
County. The elevation is between 2,045 and 2,133 feet with slope
facing northeast. The Bureav of Land Management (BLM) has
designated two Areas of Critical Environmental Concern around
Harper Lake.

Slopes are all less than 2% with a simple or smooth surface
configuration. Section 25 is primarily undissected alluvial fan of
Quaternary oge, as is Section 30, although Section 30 has been
disturbed for the most part. Section 25 aiso has a Holocene (active)
wash running SW to NE across its NW quarter,

Land use varies from vacant undeveloped fo rural residential
(2 1/2 acre lots or separatfion) to irrigated field crops. Vegetation on
the undisturbed alluvial fon is a shrub overstory in the 5 to 4%
density class with a herb understory of less than 4% density. There is
o prominent fault half a mile southwest of Section 25.

Camino
This site is located in the Ward Valley, southwest of the Sacramento

Mountains, in T8N, R20E, Sections 19, 20, and 2| of San Bernardino
County. Elevation is between 1,850 and 1,950 feet. Sections 19 and
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20 are around the confivence of two washes and vary in slope aspect
from SZ to SW; Section 2| faces SW. The peak of Sacramento
Mountain (2,314 feet) is approximctely 5 miles in @ NNE direction
from the site.

Except for the wash in Sections |9 and 20, the area is strongly or
moderately dissected alluvial fan in the 0-2% slope on an undulating
surface of Quaternary alluvium. Primary vegetation is short tree
overstory of less than 4% density, with a shrub understory of 5 to 14%
density. A. dumosa - L. fridentata with Y. schidigera and Ephedra Sp.
- H. Salsole is the main species present.

Site No. 10 Midland

This site is located SW of the Big Maria Mountains and at the SE top
of the Little Maria Mountains in T4S, R21E of Sections 34, 35 and
36. Elevation is between 660 and 740 feet with a south facing slope.

Slopes are all less than 2% - the rise is about 100 feet per 2 miles
except for Section 36 which is only slightly more steep and faces -
gently SW. The surface form is undulating for all three sections with
much of the area classed as strongly dissected alluvial fan. There are
aiso three washes, although the washes in Sections 34 and 35 are quite
broad and fairly smooth surfaced. The alluvial fans are composed of
Quaternary coarse-grained continental deposits that are moderately
1o well consolidated with moderate to high strength and stability.

Vi-B. RANKING OF CANDIDATE SITES

The ten viable sites were ranked and weighted according to Table V1.D.1.

Table VI.D.]
Candidate Site Ranking Weights

Public acceptance - 20%
Environmental impact - 20%
Economics - 20%
Seismicity - 20%
Meteorology - 0%
Road Access - 5%
Land Aquisition/Cost - 5%

A brief summation and rating of each criteria is presented as follows (ten rating is best):

|. Public Acceptance Rating

Public acceptance is, of course, highly subjective. Ratings were listed in
Table Vi.D.2 determined by consultations with city/county elected officials and
rating the public acceptance of other industrial developments:

2. Environmental Impact

The study was based solely on available information which varied in level of detail
from essentially complete to very limited, depending on the site and the discipline
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Table V].D.2
Public Acceptance Ratinas

Site Rating

Lucerne Valley
Cool Water
Alvord Well

Vidai Valley

N. Lucerne Valiey
Ord Mountain
Lockhart Ranch
Camino

Midland

Tenmile Well

WL I OO\

(biological resources, cultural resources, land use/visua! and socioeconomics) in
question. In general, good documentation is available for the Lucerne and Cool
Water sites; good, but somewhat dated, general overview information is available
for the Tenmile Well, Alvord Well, Nor'rh Lucerne Valiey, Vidal Valley, and Harper
Lake sites; with lx‘h‘le information avcnlcble for the Midland-Big Marias site.

To determine the overall rank of each site, the surmns of the rankings for each
discipline were totaled. Where two or more sites had the same sum, they were
ranked the same.. These ratings summarized in Table VI.D.3.

Table VI.D.3
Environmental Impact Ratings
Land Sum

Ranking Use/ of Overal!

Site Biology Cultural Visusal Ranks Rank
Lockhart Ranch 5 3 4 12 |
Ord Mountain 7 2 3 12 !
North Lucerne Valley 7 | 4 12 |
Cool Water | 7 5 I3 2
Alvord Well 3 5 6 4 3
Lucerne Valley 9 4 | 14 3
Vidal Valley | 8 8 17 4
Tenmile Wel! 10 6 2 I8 5
Camino 4 9 7 20 6
Midland-Big Marias é 10 6 22 7

Economics

Based on information developed in Reference VI.F.l, a differential capital cost was

. prepared for each site. From the total capital differential costs, the values were

fist escalated to 1988 costs, then were levelized for 30 years, and finally were
computed to 1988 present worth values. The present worth (P.W.) costs for the
year 198] were computed by deescalating the 1988 P.W. values, and are shown in
the last column to the right of the table. The following Table VI.D.4 is @ summary
of the economic evaluation for all the candidate sites. The differential costs for
each site were computed based on the assumption that Lucerne Valley was the 'Base
Case' site. They are presented in the last column to the right in the table.
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Table VI.D.4
Economics_Ratings
(S MILLIONS)
SITE CAPITAL O&M TOTAL = DIFFERENTIAL
Lucerne Valley 3,960 54,164 58,124 BASE
Cool Water 5,93! 61,000 66,931 8,807
Alvord Well 11,397 65,900 77,22 19,173
Vidal Valley %417 0 2,417 (48,707)
Tenmile Well 21,040 414 22,454 (35,579)
North Lucerne Valley 8,332 31,127 39,459 (18,665)
Ord Mountain 3,793 45,764 49,557 (8,567)
Lockhart Ranch 5,415 45,764 51,179 (6,943) -
Camino 19,439 14 20,853 (37,271)
viidland or Big Marias 20,145 708 20,853 (37,271)
5. Me?éorologicol Factors
Metferological foctors that were considered for qualitative evaluaton of the
candidate sites inciude wind speed, weather severity, dust conditions, air quality
and topographic obstructions. Wind speed defines the average velocities of the
prevailing wind through the proximity of the site. Weather severity identifies the
frequency of storms in the site vicinity. Dust conditions assess the significance of
fugitive dust problems. Air quality evaluates the general ambient air conditions at
each candidate site relevant to the presence of various airborne pollutants such as..
oxidants, NO5, $O5, COZ’ etc. Topographic obstruction identifies the proximity of
the site to high mountains. In general, results of this ranking process reflect that
all sites are meteorologically acceptable for solar thermal development.
TABLE VI.D.5
METEORLOGICAL FACTORS WSED IN
RANKING CANDIDATE 100 MW SOLAR THERMAL SITES
Wind Weather Dust Air Prox. to Overall
Site Speed Severity Cond. Quality Min, Ranking
Camino 3 | 3 3 3 2.6
Lockhart Ranch 3 3 | 2 2 2.2
Tenmile Well 2 I 2 3 3 2.1
Ord Mountain 2 3 | 2 2 2.0
North Lucerne 2 1 3 2 2 2.0
Lucerne Valley 2 1 3 2 2 2.0
Midland 3 2 | 3 | |2
Alvord Mountain 2 I 2 2 3 1.9
Coo! Water 2 I 2 2 2 1.8
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Seismicitv

The following Table V1.D.6 is a brief description of the potential seismic risks of
each candidate site. In general, the iocation of fault zones for each site, as weli as
the maximum credible acceleration, is identified or defined. Faults are classified
as either active or potentially active. Active faults are those along which historic
(last 200 years) dispiacement has occurred and are associoted with either surface
rupture from recorded earthquake, fault creep slippage or displaced survey lines.
Potentially active faults are those along which there is quaternary fault
dispiacement (during the past two miliion years), without historic (approximately
200 years) record.

Road Access

All the sites, with the exceptfion of Cool Water Generoting Station and Lockhart
Ranch sites, require the construction of paved roads to the sites. None of the sites,
however, require grading other than compaction. The following Table VI.D.7 is a
summary of the length of access road required to be constructed to each of the
candidate sites.

Land Acquisition/Cost

Land ownership and real estate costs are presented as follows. Four of the sites
that are privotely owned include: Lucerne Valiey, Cool Water, Harper Lake and
Ord Mountains. Of these, only Lucerne Valley and Cool Water sites are SCE owned
properties. North Lucerne Valley site is primarily owned by the State of
California. The remaining five sites, Alvord Well, Camino, Midland, Tenmile Well
and Vidal Valley sites, are on federa! land, administered primarily by the Bureau of
Land Management.

Land vaives at each candidate site are estimated by the Edison Department of
Right of Way and Land. Land costs are tabulated in Table V1.D.8 were rhade
without benefit of detailed information that an appraiser is normally required to
make. For this reason, the land values have an assumed accuracy of +50%.

Summary of Site Ranking

To rank the overall desirabilitgy of each candidate site, a Site Evaluation Matrix
was developed. Although numerous parameters were considered for this parametric
evaluation, only six were selected for ranking purposes. They are public
acceptance, economics, environmental impact, seismicity, road accessibility and
meteorology. In this matrix development, the ratings for each parameter were
provided by on assigned Siting Evaluation Task Work Force member.

Since each parameter was ranked by an individual Task Force, the rating system
had to be normalized fo reflect the desired weighting of each parameter. To do
this, it was decided that |0 be considered the most favorable situation and | the
least desirable. For economics, the actual differential costs were adjusted to a
rating scale of | to 10 where |0 was assigned to the least cost site (in this case the
highest negative differential cost from the "base cost" site of Lucerne Valley) and |
fo the highest positive differential cost site. A rating scale was then developed for
each parameter of each candidate site with values between | and 10.
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TA3LE VI.D.6
SOLAR SITE DATA AND SEISMIC RATING
EARTHQUAKE
MAGNITUDZ AND
PROBABLE
SITE DISTANCE FROM SITE-FAULT/S ACCELERATION RANKING
Tenmile Well 120 miles NE of San Andreas M8+, 0.01¢ - !
Fault °
70 miles NE of Ludlow Fault M5.0
Vidal Valley 77 miles NE of San Andreas M8+, 0.04g 2
Eault .
Camino 52 miles NE of San Andreas M8+, .05¢g 3
Fault,
77 miles NE of Imperial Mé.5, 0.3
Fault
Midland or 52 miles NE of San Andreas M8+, .05 4
Big Marias Fault,
6% miles NE of Imperial Mé.5, .04g
Fault
Cool Water 14.3 miles SW of Manix Fault Mé.2, .12g 5
Harper Lake .35 miles SW of Lockhart M5.0, .2g 6
Fault
44 mi’les NE of San Andreas M8+, .09¢g
Fault
Lucerne NE corner of site underiain M3.0, .21g 7
Valley by Camp Rock-Emerson Fault,
33 miles NE of San Andreas M8+, .12g
Fault
Ord Mountain 6.6 miles NE of Helendale Mé.0, .21g 8
Fault
30 miles NE of San Andreas dbg
Fault
North Lucerne 5 miles NE Helendale Fault Mé6.0, .26g 9
Vailey
Alvord Well 2.75 miles north of Manix Mé.2, .44g 10

Fault
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Ease of Access

Candidcie Site Road Reguired Rankinc of Site
Lucerne Valley 2 miles 3
Cool Water none 10
Alvord Well | mile 6
Vida! Valley 0.5 mile 8
Tenmile Well ' 1,000 feet 9
North Lucerne Valley 0.5 mile 8
Ord Mountain, South | mile 6
Lockhart Ranch none 10
Camino |,000 feet o
Midland 1,000 feet 9
Table VI.D.8
LAND VALUES Or CANDIDATE SITES
(1981 dollars)
Vicinity Total Site Value Site
Site (S/acre) (minimum of 2 sections) Ranking

Lucerne Valley 200 $256,000 . 10
Cool Water 200 256,000 10
Alvord Well 175 224,000 7
Vidal Valley 100 128,000 9
Tenmile Well 400 512,000 2
North Lucerne Valley 225 288,000 6
Ord Mountain, South 350 448,000 3
Lockhart Ranch 175 224,000 7
Camino 100 128,000 °
Midland 100 128,000 o
V-E. RECOMMENDED SITE

The siting study wos performed independently 6f the Solar 100 Feasibility Study and
yielded the following overall results.

TABLE VI.E.|
OVERALL RANKING OF CANDIDATE SITES
100 MW SOLA MAL ]
Site ‘
Rankin Candidate Sites . Overall Rating
I Lockhart Ranch 7.40
2 Cool Water G.S. 7.05
3 Vidal Valley 6.99
4 Lucerne Valley 6.67
5 Midland/Big Marias 6.53
é Ord Mountain 6.17
7 Camino 5.95
8 North Lucerne Valley 5.83
2 Alvord Well 4,60
10 - Tenmile Well 4.55
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The Edison Company is presently in the process of licensing a 1290 MW peaker park at
Lucerne Valiey (see Chapter Vii) and decided to file an appiication with the California
Energy Commission to inciude the Solar 100 project.
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Vi, REGULATORY ANALYSIS

The Permitting and Regulatory cycle of the Solar |00 project can essentially be relatec
to four agencies; California Energy Commission, California Public Utilities Commission,
Federal Authorities, and Local Agencies.

Vil-A. CALIFORNIA ENERGY COMMISSION

The California Energy Commission (CEC) has the sole authority for the certification of
thermal power plants within the state of California, The provisions governing the
certification process are set forth in the Warren-Alquist Act (Cal Pub Res Code
Sections 5500 et. seq.). Jurisdiction of the CEC is limited to licensing only those thermal
power plants rated at 50 or more megawatts (MW). New transmission lines from the
generating station up to the first point of interconnection with the existing system also
fall under CEC authority.

Typically, the provisions require a |2-month Notice of Intention (NO1) proceeding and an
|8-month Application for Certification (AFC) for licensing of a thermal power plant.
The NO! is o statement prepared by the applicant containing a description of the
proposed project, ¢ statement of need for the project and o discussion of the relative
economic, technological and environmental advantages and disadvantages of alternative
sites and facility proposals. Through a series of public hearings and CEC staff analysis,
one or more sites and technologies may be given approval for further study. The AFC is
the vehicle for further study.

There are, however, several exceptions to this general licensing process. Specifically,
Section 2554 of the Warren-Alquist Act enables a thermal power plant with a generating
capacity of up to 100 MW to be exempt from the NOI process. Under this statute only an
AFC is necessary and the CEC is required to issue its final decision within |2 months of
the filing date. As a |00 MW (net) solar thermal power plant, Solar Il can qualify for this
exemption, |

Another possible approach for an NOI exemption is found in Section 25540.6(e). This
section pertains fo thermal power plants designed to develop or demonstrate technologies
that have not previously been built or operated on a commercial scale. A 300 MW limit
is ploced upon projects seeking this exemption unless the Commission, by regulation,
authorizes a greater capacity. Again only an AFC is required and the Commission shall
issue a final decision within 12 months of the filing date.

A typical 12-month hearing schedule is presented below:

Event ‘Days from Filing
File Application ‘ 0
Commence Staff Meetings ‘ 30
Commence Pre-hearing Conference 60
Commence Hearings 90
Conciude Hearings 150
Publish Committee Report 210
End Comment Period 270 -
Publish Proposed Decision 300
Hold Final Hearings . 330-345
Issue Decision 360
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‘nder the normal process, clternative sites and technologies are discussed in the NOI. In
order to remain in compliance with the California Environmental Quality Act (CEGA),
(Cal. Pub. Res. Code Sections 21000 et. seq.) the applicant must discuss the "availability
and feasioiiity of alternative sites end related facilities which could satisfy the purposes
of the applicant's proposal and which may substantially lessen any significant
environmental impact anticipated for the proposal." While the stafutes and the
reguictions are silent with regard to the number of sites that are required to be analyzed,
generally three sites are discussed in the AFC, The data submitted for the alterncte
sites can be in less detail than that submitted for the proposed site.

Pursuit t6 California low, Edison filed for a Solar 100 site at the Lucerne Valiey site (see
Section VI) in November, 1981. Final approval is expected in 12 months (November,
{982). )

Vii-B. CALIFORNIA PUBLIC UTILITIES COMMISSION

in addition to certification by the CEC, Edison is required to obtain a Certificate of
Public Convenience and Necessity from the California Public Utilities Commission. The
CPUC application has to be filed shortly after filing with the CEC. It will not be
necessary to file a Proponent's Environmental Assessment and the AFC can be
referenced in the CPUC application. CPUC authority is limited to rate and system
reliability issues. If the Solar plant is owned by a nonutility entity, CPUC filing is not
required.

Vii-C. FEDERAL AUTHORITY

Generation and transmission facilities that are to be sited on federal lands will require a
permit from the appropriate landholding agency.

vii-D. LOCAL AGENCY CERTIFICATION

Section 2554] of the Warren-Alquist Act provides for exemption from the Commission
NOI-AFC process. This section allows the Commission to exempt power plants with a
capacity of up to 100 MW from the NOI-AFC process. In order to receive an exemption,
the Company must file an Application for Exemption. There are no fees associated with
this filing. The Commission is required to convene public hearings and issue a final
decision no later than 135 days after the application is filed. For a project to be granted
an exemption, the Commission must make the following two findings:

1) No substantial adverse impact on the environment or energy resources will result
from the construction or operation of the proposed project and;

2) The proposed project will not add generating capacity that is substantially in excess
of the CEC forecast adopted in the Biennial Report.

If Edison were to seek and was granted an exemption from the Commission
proceedings, necessary permits would have to be acquired from various federal,
state and local governmental agencies.

Vii-2
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VI, COST/ECONOMICS/FINANCIAL

VIH-A. CAPITAL COST ESTIMATE

The Cooital Cost Estimate is shown on Table VIIILA.l. Major construction quantities cre
show on Table VII.A.2, The estimate is based on a joint effort bv the three
participating companies: Southern Californic Edison Company (SCE), McDonnel Douglas
Corporation (MDC) and Bechtel Power Corporation (BPC). Each company contributed
estimated costs as follows:

Description | Responsibility
Soiar Plant
Collector Fields . MDC
Towers and Foundations BPC
Receivers mDC
Plant Control MDC
Thermal Storage and Transport BPC
Steam Generator MDC
Turbine Generator Plant BPC
Switchvard and Transmission Line SCE

The estimate includes all additives (i.e.: labor, fringe benefits and pavroll taxes, field
indirect costs for manual and nonmanua! labor, field engineering and indirect material
and equipmen? costs). Contingency, averaging approximately 20%, is also included.
l. Bases

The estimate is based on the followings

- The conceptual design conforms to that described in Section IV, Description
of Selected Plant, and other sections of this report.

- All costs are in December 1981 dollars.

- The .engineering, procurement, construction ond startup schedule will
conform to the milestones shown in Section X, Schedule.

- " SCE owns 100% of the plant.

' . , N
. . | :

- Seismic Design is 0.20 g factor,

- The heliostat hardware cost ($120 x 106 for approximately 15,000 heliostats)
is based on the production of 75,000 heliostats over a period of ten years.
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‘ TABLE VILA.I
CONCEPTUAL COSTESTIIMATE SUMMARY BY SYSTEM

SOLAR 100 Mw THERMAL PLANT

(Molten Salt)
- Cost in Dec. 1981 $

System Description (5 x 10°)
Collector Field . : T 163.6*
Tower and Foundation 13.1
Receiver . -22.8%
Thermal Storcge 52.5
Steam Generator 9.2%%
Plant Master Control [2.]%*
Turbine - Generator 15.2
Balance of Plant 35.7
Subtotal | 330.2
Switchyard 2.5
Transmission Line {1
Land -
Fuel Inventory
Subtotal 3.6
Total Field Cost 333.8
Special Maintenonce Equipment o2
Spare Parts .6
Sales Tax 12.7
Subtotal 13.5
Engineerng and Home Office: _
MDC 12.2
BPC 3.0
SCE 3.8
Subtotal 22.0
Additional Contingency 54.5
Escalation . . -

: Total - Word Order Level (198! $) 330.
Allowance for Funds Used During Construction (AFUDC) 88.3
Cost of Capital (COC) 127.1
Construction Overhead (without AFUDC or COC) }17.5

Total Capital Cost (without AFUDC or COC) 448.3
Total Capital Cost (with AFUDC) 536.6
Total Capital Cost (with COC) 575.4

SAY! 580.0

* Part of the cost shown is MDC scope which includes their Assessment of Continency.
#*= All of the cost shown in MDC scope which includes their Assessment of Contingency.
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- I ‘ TABLE VIIILA.2
MAJOR QUANTITY DATA
h{ I (EXCLUDING COLLECTOR FIELD ELECTRICAL BULKS)
1 \
' Description Quantity Unit
’( l Concrete 40,000 cY
“ Metaliic Conduit 74,000 LF
' Non Metallic Conduit 60,000 LF
Cable Trays 14,500 LF
R Wire & Cable 1,820,000 LF
1[' I Grounding System 80,000 LF
Process Pipe
| l 2-1/2" & Less 12,930 LF
i 2" & More 12,250 LF
" l Salt Syst. Pipe .
- 2-1/2" & Less 19,050 LF
- ' 2" & More 650 LF
i Piping Total 44,880 LF
Il Instrument Pipe & Tubing 34,100 LF
‘ Salt System
l initial Charge 56 x 106 LBS
= Site Improvemnent (Imported Fill) 200,000 CcY
, I Fence 6 MILES
Roads
J I Minor 5 MILES
? Major 2 MILES
| Evap. Pond w/Clay Lining 216,700 SY o
l Heliostat Assemblies 15,240 ? EA > 7 /e/z/ 9
Concrete Towers (585" . 2 7 EA
' i ‘
, - The heliostat hardware cost (5120 x | 06 for approximately 15,000 heliostats)
l is based on the production of 75,000 heliostats over a period of ten years.
2. Exclusions
l Costs for the following items are not included in the estimate:
I Vi3




Offsite facilities such cs telephone, water, temporary power and access
roads

Drainage Facilities

Guard Service

Shiftwork or Schéduled Overtime

Scope Changes

Changes in Existing Regulatory Requirements
Special Provisions for Accident Protection
Operator Training

Land Costs

Escalation (December 1981 )

industry Participation

Technical, scheduling and pricing information, furnished by cooperating
manufacturers and contractors, was used extensively in the estimate, resulting in
an industry wide effort. The participating companies were:

Turbine Generator, Condensate and Feedwater Trains

Toshiba

Mitsubishi Heavy Industries, Ltd.

Sumitomo Corporation of America
\ariey Cooling Tower Company

Research-Cottrell, Inc,

Thermal Transport & Storage Systems

Storage Tanks
Pittsburgh-Des Moines Corporation
GATX Tank Erection Corporation

Piping
Pipe Fabricating & Supply Company
Associated Piping & Engineering Company

Valves
Kieley Mueller
Valtec
Hammeldahl

Pumps

- Bingham—Willamette Company
Bryon Jackson
Lawrence Pumps Inc.
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- Heat Tracing
Monigomery Brothers
Foley Electrical Contractors
Nelson Electric
George Yardiey Company (Thermon)

l'

- Insulation
Owens Corning Fiberglass
Thorpe Insulation

- Salt Inventory
Olin Corporation

Heliostats

Heliostat Design and Component Pricing

McDonnell Douglas Corp.

Heliostat Assembly
Modern Alloys Inc.

Heliostat Foundations
Modern Alloys Inc.
Longyear Company
Case International
D. H. Mchaffy Inc.

{

Heliostat Wiring
Taft Electric

Receiver Systems

- Receivers .
McDonnell Douglas Corp./Foster Wheeler

- Receiver Support Structure and Bridge Crane, Erection Only
Marks Crane and Rigging Company
National Steel Erectors Corporation

- Receiver Towers
Rust Chimney Incorporated
Puliman Power Products
Custodis Construction Company

Receiver Tower Ejevators
Linden-Alimak, Inc.

Steam Generator System

McDonnell Douglas Corp./Foster Wheeler

Water Treatment Demineralizer System

F&F Industries (Belco Poliution Control Corp.)
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Turbine Gantry Crane

Harnishfeger inc.
Ederer Inc.

I:iscellaneous Tanks

Richmond Engineering Corp.

Component Cocling’Water Heat Exchanger

South Western Engineering

Conceptual Cost Estimate Summary

Table VIlI.A.| itemizes the conceptual cost estimate by system within an accuracy
of + 40%; cost analysis also indicates that the probability of exceeding the fotcl
cosT estimate is 50%. This 50% confidence factor was derived by Edison's
"Contingency and Range Analysis” computer code. Specific sensitivities to
component/system costs is presented in Section Vill-C.

This estimate includes all costs to be incurred in the engineering, design,
procurement, construction, testing and initial operation of the generation facilities
and solar fieid. The estimate was prepared by a combined effort of McDonnell
I(Doug)las (MDC), Bechtel Power Corporation BPC), and Southern California Edison
SCE).

BPC prepared a conceptual design and cost estimate of the towers, molten salt
transport, storage and support systems, turbine plant and associated eguipment, and
balance of plaont facilities. BPC prepared their estimate assuming they would be
awarded an Engineering, Procurement and Construction (EPC) type of contract.
MDC prepared a conceptual design and cost estimate of the collector fieid, plant
master control, steam generator and receiver. Foster-Wheeler assisted MDC in the
iatter two items. These costs were supplied to BPC to arrive at an overall field
cost. SCE prepared a conceptual design and cost estimate of the switchyard and
transmission line.

The SCE Generation Estimating Group consolidated all the inputs and added SCE
Home Office Cost, Construction Overhead Cost, Contingency and Cost of Capital.

Cash Flow

A cash flow was prepared utilizing the construction schedule mentioned above.
Both BPC and MDC prepared their own cash flow for their respective area of
responsibilities. SCE consolidated these cash flows into an overall project cash
flow as shown in Table VIil.A.3. and shown graphically in Figure VIILA.1.

VII-B. OPERATIONS AND MAINTENANCE COSTS

Operations and maintenance (O&M) costs have been estimated for plant operation during
the first year ond an average subsequent year. These are determined and discussed in
three categories: material, labor, and water. The estimates are given on Tabie VIil.B.!
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Total

3.0

TABLE VIIL.A.3

or COC

CASr FLOW

Capital Cost* (5 x 106)

W/O AFUDC

2.3 2.7
1.7 14.0
82.8 994

209.7 251.6
130.0 1 56.1

13.5 16.2

W/ AFUDC

W/ COC
By 2.8 x|r27 310
S.73 |5, x 102 16,64
[15.21 1087 xh06 (244C
06,44 270.3x 1) 347.35

20371 167.6 el b 36,7/

432> 7.4 xll! 2786

666-31 ¢580.0 wse7!
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First Year $ (1000's): Materialss 3309
. Labor: 3047

$6355
l. Material

Material includes spares, repair parts, consumables, and service contracts (which
include their own labor material and consumables).

Total quantity of spares and repair parts for hardware in the collector, receiver,
and steam generator systems is based on reliability/availability estimates reported
in Section V-C. Spares and repair parts costs are derived from annual failures,
discard factors, and repair parts factors, (as discussed in Section V-C), and unit
costs.

Spares costs for the other systems are estimated as a percentage of the investment
costs for those particular systems.

Viii-8

TABLE VIil.B.] l
O&NM SUMMARY :
AVERAGE YEAR (5 IN 1000'S) l
Repair Service

Materials Spares Parts Contracts Consumables Total I
Collector Field’ 87.  29%. 370 - § 753

Tower l. - - - ! '

Receiver flol - - - 1] I
Ther Strg & Transpt . 26, - - - ‘ 26

Steam Generator [. - - - | l
Turbine & Bal of Plant 360. - - 188. 548

Plant Control - - 202 - 202 l
.$1542

Labor Manning l

Supervisors 4 160 I
Operators , 27 1138
Maintenance 26 i 025

Security 10 277 l
- §2610

Water (Solar) for other water expenses, see text _ 13923 1393 '
5545
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Consumables costs are estimated from reloted experience.

Service contracts are assumed for the plant control system and the collector field
washing task,

Piant process control O&M is covered by a contract of $2,000 per month based on
comparability to Solar | equipment. Additional contracts cover service of the
computers and reiated eguipment at an industry standard rcte of |% per month of
the compurter equipment investment cost.

Coliector field washing costs are based on MDC experience and studies assuming
washing frequency of |2 times per year. Consumables end wash truck amortization
and expense are included in the estimate.

Labor

Labor inciudes scheduled and corrective maintenance and is based on crew sizes
estimated by SCE and MDC,

Failure rates and repair times have also been determined (See Section V.C). These
are adjusted for efficiency and rework factors to build up a crew size. Supervisory
personnel are also identified. Labor rates and burdens are applied to determine
O&M cost.

Wcter

The water expenses itemized below are incurred if the 100 MW, facility is
constructed in the Lucerne Valiey, approximately 30 miles southeast of Barstow,
California. The January 1982 costs are as follows:

Potential Prorated
Total Cost Share
Metropolitan Water Agency $12.0M St.iiaM
One-time surcharge
Municipal Bond to cover $ 8.0M $ .743M/yr
the cost of the water line
O&M fo service the line $ 1.OM $.093M/yr
Annual water expense - S1.3M/yr

The 42-inch diameter line is 40 miles long and will take three years to build. An
entitiement has been negotiated with the Metropolitan Water Agency for 30,800
acre feet of water. The one-time surcharge is based upon a contract for 28,000
acre feet per year, however. Solar 100's prorated share is based upon SCE's
projected water usage of 2,600 acre feet ratioed against the 28,000 acre feet (2,600
+ 28,000 = .0929, or 9.29%).

The Municipal Bond is for a total capital cost of approximately $35M ot 15%
interest for 30 years. Solar 100's prorcted share is calculated at 2.29% of the
yearly total payment and remains constant after having been escalated to the
midpoint of the three-year water-line construction period.
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The Operations and Maintenance costs to service Solar 100's share of the line is
©.29% ana escalates each yecr,

Annua! water expense is based upon a rate of $1.0M per 2,000 acre feet. This value
clsc escalates eoch vear, just as the annual O&M cost to service the line. These
+wo items are the onlv ones which escalate, as the municipal bond pcyment remains
constant after the midpoint of the construction period,

The O&M costs provided do not include ad valorem tax, A, G, and | {Administrative,
General, and Insurance) costs, or the cost of the electrical power requirec to run
the plant. The plant electrical power is provided by the difference between net
power supplied to the grid and gross turbine output, except during certain winter
off-peak hours when such requirements must be met by the grid. These costs
appear as a decrease in the revenue stream provided for the financial analysis of
the plant by an amount equivalent fo the avoided cost for the required power.,

Ad valorem tex is 1% of capital investment and escalates at 2% per year. A, G,
and | is estimated at |.1% of capital investment (1% other, .1% insurance from the
jevelized Fixed Charge Rate) and escalates at 9% per year. These allocations must
be added to the total O&M costs shown in Table VIIl.B.| in order to arrive at a total
annual cost.

Viii-C. COST SENSITIVITY ANALYSIS (CAPITAL, PERFORMANCE AND O&M)

The sensitivity of solar generated electric energy cost to changes in selected design,
‘performance and investment variables has been assessed in relation to capital cost
uncertainty, plant location (insolation), equipment performance expectations, unit size,
capacity factor, O&M cost fluctuation, and fixed charge rate projection, Upper and
jower bounds were chosen for each variable for graphic illustration. Where possible,
expected Jimits were defined to identify reasonable cost risk range associated with each
variable. Table VHI.C.l illustrates the cost sensitivity (shown as a multiplier on levelized
busbar energy cost) chosen for each variable. Overail evaluation of the range of
extremes considered for the total group of variables shows the change in electric energy
cost to fall within a range of minus 28% to pius 20%. The following paragraphs provide a
discussion and explanation for each specific sensitivity variable shown on the figure.

{. Capital Cost Uncertainty

The impact of capital cost uncertainty has been assessed independently for three
cost groups with the remaining portion of total plant cost held constant in each
case. In addition, this cost uncertainty analysis reflects as constants the baseline
plant location and performance characteristics.

a.. Collector Field - The collector field includes all delivered collector
hardware, site preparation, foundations, installation, field wiring, and
collector alignment and checkout. The overall bounds shown for the
coliector field represent an arbitrarily chosen +25% variation from the
baseline estimate of $170 million. This extreme variation in collector fieid
cost results in @ +11% change in energy cost per kWh, Within the range
shown to illustrafe sensitivity, the cost risk associated with the collector
field is expected to fall within the range of minus 7% to plus 12%. Possible
future variations in the delivered coliector hardware pricing policy account
for 50% of the 7% downside uncertainty and 60% of the 12% upside
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TABLE VIL.C.|

SYSTEM SENSITIVITIES SUMMARY

. Intrinsic tstimated System Cost
i Parameter Risk Level Risk Range Sensitivity
‘ Capital Cost
| Collector Field Moderate “7% 10+ 12% - 3% to+ 5%
Balance of Solar Plant High -15% to + 20% - 5% to +6 1/2%
, Conventional Thermal Plant Low -5% to+ 5% -1%to+ | %
Insolation (Plant Location) Moderate 8.0 t0 7.0 - 3% to + 4%
gl,
1 Performance
* Collection Efficiency Moderate 746 1o .686 - 2% to0 2 1/2%
Generation Efficiency Low None None
L Unit Size Variation N/A None None
Capacity Factor N/A None None
O&M Cost Moderate 2% to 2 1/2% - 0% to + 4.6%
Fixed Charge Rate High .20 t0 .25 - 20% to = 0%

uncertainty. The exfent of bedrock outcroppings at the proposed plant
location, which could affect site preparation and foundations cost, accounts
for 50% of the downside uncertainty and 40% of the upside uncertainty, The
indicated risk range limits of 93% and 112% of baseline cost equate to
changes of approximately minus 3% and plus 5% in cost per kWh,

b. Balance of Solar Plant - The balance of solar plant includes tower, receiver,
thermal storage and transport, steam generator, and plant control. The
overall bounds shown for balance of solar plant again represent an arbitrary
+ 25% variation from the baseline estimate of $127 million. This variation in
balance of solar plant cost results in @ + 8% change in energy cost per kWh.
Within the range shown to illustrate sensitivity, the cost risk associated with
the balance of solar plant is expected to fall within the range of minus 15%
to plus 20%. Relatively less maturity of design associated with the receiver, .
tower, and thermal storage and transport causes these items to be the major
contributors to cost uncertainty within the balance of solar plant. The
estimated thermal storage and transport cost risk variations account for 57%
of the |5% downside uncertainty and 59% of the 20% upside uncertainty.
The estimated receiver and tower cost risk variations together account for
34% of the downside uncertainty and 33% of the upside uncertainty. The
indicated risk range limits of 85% and 120% of baseline cost equate to
changes of approximately minus 5% and plus 6-1/2% in cost per kWh.

r

f
I’l
i
1

|

Vi1




3.

c. Conventional Thermal Plant - The conventional thermal plant includes the
furbine generator, conaenser, feedwater and condensate trains, auxiliary
mechanical equipment, auxiliary electrical eguipment, other conventional
plant eguipment, and switchvarc and transmission lines. The overall bounds
shown for conventional thermal plant represent an arbitrary = 25% variation
from the baseline estimate of $62 million. This variation in conventional
therma! plant cost results in a « 4% change in energy cost per kWh, Since
these systems are conventional and well understood, the cost risk is expected
to fall within the range of minus 5% fo plus 5%. These values equate to
changes of approximately minus |% and plus 1% in cost per kWh, ‘

Plan* Location {Iinsolation)

The sensitivity of electric energy cost fo variation in insolation associcted with
possibi§ plant location changes has been assessed over a range of 6.5 1o 8.0
kWh/mé/day (baseline = 7.5) with onnual energy output held constant. This
represents an extreme range of insolation values for any solar sites. This scenario
requires resizing of the collector fieic and tower (inversely to insolation change),
with the design of the remaining portion of the total plant unchanged from the
baseline design. Baseline collector field and tower costs were scaled in relation to
the range of insolation variation with all remaining total plant costs heid constant
at baseline values, This rezul'l's in changes in energy cost per kWh ranging from an
8% increase at 6.5 kWh/m#/day to a 3% reduction at 8.0 kWh/mzldcy. Within the
range shown to illustrate sensitivity, the cost risk cssocicte% with insolation
variation is expected to fall within the range of 7.0 to 8.0 kWh/m*/day for pessible
alternate sites. These values eguate to changes of approximately plus 4% and
minus 3% in cost per kWh.

Equipment Performance

The impact of equipment performance uncertainty has been assessed for two
primary functions in terms of efficiency.

C. Collection Efficiency - The sensitivity of electric energy cost to potential
variations in collection efficiency has been assessed over an efficiency range
of .65 to .75 at the design point (baseline approximately .72), with annual
energy output heid constant. This performance variation requires resizing of
the collector field and tower (inversely to collection efficiency change) with
the design of the remaining portions of the total plant unchanged from the
baseline design. Baseline collector field and fower costs were scaled in
relation to the range of collection efficiency variation with all remaining
elements of fotal plant cost held constant at baseline values, This results in
changes in energy cost per kWh ranging from a 5-1/2% increase at .65
efficiency to a 2-1/2% reductionn at .75 efficiency. The individual,
constituent efficiencies are occurately known. However, the cumulative
effect of minor variations in the seven efficiencies making up the collection
efficiency leads to a an estimated risk range of + 3%. This range in
collection efficiency equates to changes in cost per kWh ranging from a
2-1/2% increase at .686 efficiency to a 2% reduction at .746 efficiency.

b. Generation Efficiency - The sensitivity of electric energy cost to expected

turbine generator efficiency has been assessed in reilation to variations in
equivalent heat rate over a range of 7584 to 8533 Btu/kWh (baseline - 7974),
corresponding to an efficiency range from 0.45 to 0.40, with annual energy
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output held constant, This performance variation requires resizing of the
coliector field, tower, receiver, thermal storage, and steam generator
(inversely with turbine gensrator efficiency or directly with equivalent heat
rate chanae). with the design of the turbine generator, plant control, and
balance of plant remaining unchanged from the baseline desigri. Baseline
costs for the collector field, tower, receiver, thermal storage, and steam
cenerator were scaled in relation to the range of heat rate variation with the
re-naining elements of total plant cost held constant at baseline vaives. This
results in changes in energy cost per kWh ranging from a 5% increase at
8533 Btu/kWr to a 3-1/2% decrease at 7584 Btu/kWh. Since turbine
generator efficiency is accurately known, no risk range was considerec.

Unit Size Voriation

The sensitivity of electric energy cost to potential variations in unit size has been
cssessec over a range of ©5 to 170 MW _ gross power rating (baseline = 110), with
annual energy output neld constant. This scenario requires resizing of the steam
generator, furbine generctor and balance of plant (scaled in proportion to power
rating changes), and portions of thermal storage (downsized), with the design of the
remaining portions of the total plant unchanged from the baseline design. Baseline
steam generator, turbine generator and balance of plant, and applicable thermal
storage costs were scaled in relation to the range of power rating variation with all
remaining elements of total plant cost held constant at baseline values. This
results in chanaes in energy cost per kWh ranging from a 2-1/2% increase at 170
MWe to a decrease at 25 MWe of less than 1%. ‘

Capacity Factor

The sensitivity of electric energy cost to variations in specified plant ccpacity
factor has been assessed over a capacity factor range of 0.4 to 0.7 (baseline = 0.6),
with annual energy output varying in proportion to changes in capacity factor. This
scenario requires resizing of the collector field, tower, receiver, and thermal
storoge (scaled in proportion to capacity factor changes), with the design of the
remaining portions of the total plant remaining unchanged from the baseline
design. Baseline costs for the collector field, fower, receiver, and thermal storage
were scaled in relation fo the range of capacity factor variation with the remaining
elements of total plant cost held constant at baseline values. The resulting capital
costs for each selected capacity factor were ratioed inversely by the capocity
factor to establish the relationship of busbar energy cost to capacity factor. This
relationship, when normalized to the baseline capacity factor of 0.8, shows
variation in energy cost per kWh ranging from a 15% increase at 0.4 capacity factor
to 4% reduction at 0.7 capacity factor.

O&M Cost as a Percent of Captial

The sensitivity of electric energy cost to variations in operations and maintenance
(O&M) cost has been assessed in terms of percent of capital cost over a range of
[.5% to 3% (baseline = 2%), with the fixed charge rate, capital cost and annual
energy output held constant. This variation in O&M cost results in changes in
energy cost per kWh ranging from a 9-1/2% increase at 3% O&M to a 5% reduction
at 1.5% O&M. Within the range shown to illustrate sensitivity, the cost risk
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ossocictad with Q&N cost variction is expected to be ali on the hign side of the
Saseline ‘due to lack of detailed thermal transport eguipment maintenonce plans,
and snouic foll within the range of 2% to 2.5% of capitai cost. This risk variation
over the baseline equates to an increcse of 4.6% in cost per kWh.

Fixed Cheroe Rate

The sensitivity of electric energy cost fo veriations in the projected fixed charge
rate has been assessed over a range of 18% to 30% (baseline = 25%), with capital

cos*, operations and mainfenance cost, and annual energy output held constant, -

This variation in fixed charge rate resuits in potential changes in energy cost per
kWh that are much more significant than all the other sensitivity variables
considered, ranging from a 20% increase at .30 fixed charge rcte to ¢ 28%
reduction at .18 fixed charge rate. Within the range shown to iliustrate sensitivity,
the cost risk is expected to fall within the range of 20% to 25%. This assumes no
worsening of present economic conditions affecting fixed charge rate with all of
the risk being for potential improvement on the downside. This assumption results
in a possible reduction in cost per kWh of up to 20%.

A summary of the system sensitivities is presenfed on Table VIILC.I. For each of
the sensitivities, there is an indication of a subjective assessment of intrinsic risk
level., Systems which are stcte-of-the-art and well known have a lower infrinsic
risk on cost and performance than new technology systems. In addition, the
reictive state of design, verification testing, and production planning affects
intrinsic risk.

The collector cost intrinsic risk level is moderate because of the extensive design,
testing and production planning completed. The balance of solar plant is assessed
as high, because of the relatively less mature state of the design. These
assessments are relative, and should be interpreted as allowing for the possibility of
both upside and downside risk being equally probable.

The conventional thermal plant has a low intrinsic risk because of its maturity.

The modergte risk on insolation reflects both uncertainty at the Lucerne Valley site
and the possible selection of an alternate site. The moderate risk for coliection
efficiency arises primarily from atmospheric transmission and receiver convective
loss uncertainties. Generafion efficiency is accurately kmown, Unit size and
capacity factor have no applicable intrinsic risk, as these are preselected.
However, performance variations will reflect themselves in capacity factor, and
possibly in net capacity.

The O&M cost risk is moderate, because detailed maintenance plans for the sclt
equipment have not been developed.

The fixed charge rate is a function of economic parameters beyond the control of
the utility. The probability of change is high.

An overview of the cost sensitivity/cost risk analysis shows the fixed charge rate to
outweigh all other variables in terms of degree of sensitivity and potential cost
risk. As mentioned in the discussion of the system sensitivities summary table,
most of the fixed charge rate components are determined by general economic
conditions beyond the control of the utility. However, if a more definite economic
trend becomes apparent during the project review cycle, any resulting change in
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fixed charge rate should be assessed to determine the impact on energy cost. Other
variables with relatively significant cost sensitivities include coliector field capita!
cost, balance of solar plant capital cost, and capacity factor. Safeguards involving
system specifications and hardware design should be introduced early in the proiect
sicnning activity to control the growth in these variables and incorporate changes
resulting in lower energy cost wherever possibie.

VIii-D. FIINANCIAL ANALYSIS

The purpose of the economic and financial analyses which follow was to develop a
preliminary assessment of the economic and financial feasibility of the Solar 100 project
as described and defined in earlier sections of this report.

A 100 MW solar facility could reasonably be owned by ¢ utility, @ municipality, or with
modification of existing federal regulations, an entrepreneur. To insure that the
alterncte scenario results would be based on comparable data, the common input values
and assumptions, as detailed in Table Vill.D.| were heid constant between scenarios.

The mode of ownership would impact the means of financing and the availability of tax
credits. Currently, if owned by a third party, a solar facility would be eligible for a 10%
investment tax credit (ITC) and @ 15% energy tax credit (ETC). A utility would only
qualify for the ITC while a municipally owned facilty would net qualify for either eredit,
nor would it pay taxes in general. Financing would be more readily available to a utility
or municipality than to an enireprenuer. The cost of financing would be least for c
municipality and most costly to the entrepreneur.

Given the unigque set of advantages and disadvantages, the overall assessment of the
results based on the financial analyses of the three scenarios that a solar 100 plont owned
by private investors which sells the output to SCE shows the most promise. However, it
is important to note that under the present provisions of PURPA, a 100 MW solar plant
owned by private investors would be subject to State and federal rate reguiation.

. Utility Ownership

A utility's objective function is to minimize the cost to the ratepayer subject to the
constrainis of reliability, capital availability, regulatory law and demand. The
focus of a financial analysis from the utility perspective must therefore be on the
total cost of a project to the ratepayer. The objective of the financial analysis of
the 100 MW Solar facility was to access the reasonableness of the various pofential
modes of ownership, the total cost to the ratepayer under utility and third party
ownership were compared. Additional utility specific assumptions are shown on
Table VILD.2.

For a facility constructed and owned by a utility, once operational, the ratepayer
will be charged for the return of capital, return on capital, income taxes, all other
faxes, administration costs, and all expenses incurred o operate and maintain the
facility. For the purpose of this analysis perfect, instantaneous ratemaking was
assumed. This implies that all costs are recovered as incurred. Additionally, full
normalization of all tax timing differences was assumed. Assuming perfect and
instantaneous ratemaking removes the only financial risk associated specifically
with the solar project. Because the project is relatively small and to the extent
that the Commission allows full cost recovery, there would be no incremental
financial risk per se.
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TASLE VLD, 1(c>
MMON ASSL IV

General

® Plant rated capacity - 100 MWe (100% ,; tricity, no cogeneration)

® 30 year operational life A :
. Power availability: » ;;f,-.l @g’i}drx noMle X ¢56 = 499) 94y m, (v/—]

- 489,990 M\&’H/Year ne? of scheduled and forced outage and auxiliary
power reguirements )

- Scheduled availability:

1986 12.5%
1987 62.5%
1988 on 100%

Annual Escalation Rates

s Capita! Equipment 10%

® O&M and A&G 9%

. Energy Payments
1982-1985 11.0% Lk
1986 10.0% 97 "Te "
1987-1990 2.6%
1991 on 2.3%
Property tax 2.0%

Revenues

° Schedule - Avoided Cost Basis (11/81 basis)

® Energy Payments

- Rates (November 198! - January 1982 Dollars)

$0.080/KWh On-Peak
$0.073/KWh Mid-Peak
$0.07 1 /KWh Off-Peak
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TASLE VHLD.1(b)
FINANCIAL ANALYSIS

COMMON ASSUMPTIONS

L, Costs

. Investment
Base investment (incl engr)
Sales Tax
Additional Contingencies
SCE Construction Overhead

Total Investment

° O&lh

Annual O&M (incl waterline)
Average

Ist year add (one time)
Municipal Bond Debt service
One time water surcharge

Insurance !
A&G %"Vw el
Property tax

* Allocate relative to power availability.
** |986 cost - $1.25M.
*** § 985 M/Year, starting in |986.

5. Capitalization

1'(;1’@4 D
Dec. 81$ I A
§363.5M -

12.7

54.5

17.5

$448.3M

§5.55Mm*
BlM#*
S.74M**x
SI.IIMm
2.5% of Principal
1.19% of Investment* esc: 72/ yr,
1.0% of Investment esc . 2% /\[k

. Assumptions
Capitalized for Levelized
Element Debt TC Deprec. P.Tax Expense O&M
Capital X X X X
Sales Tax X X X X
IDC/Commit Fees . X X
Property Tax X X
Construct/Liab. Ins. X X X
Engineer (Ist 2 Yrs) X A A X
SCE AGA&d X X X 9
Water Main X
O&M -~ Basic X
- AGA&l X
Property Tax X
X = Prime Treatment
A = Alternative
. Funding
Type Cost N/R Engineering Capital Investment
Year 82 83 . 84 85 86 87 Total

Percent ) 2.6 18.
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3.

4.

6.

TABLE Vill.D.2

Cost of Capital

Component Capital Ratio Cost Weight Cost
Long-Term Debt 45% 12% 5.4%
Preferred Stock i1 11 1.2
Common Stock 44 19 8.4
Total 100% — 15.0% -

AFUDC Rates

1982 9.20% -
1983 9.75
1984 1025 437
1985 10.50 -]
1986 1130 -
1987 11.60

SCE Corp. Capital Escalation Rates
1983 13.0% 87
1984 180 g =
19851985 .o ; °
1987 on 10,0 -

Capacity Payment.
° $180/kW/Year

. 60% nominal capacity factor

Tax Considerations

- 15 Year ACRS depreciation
- 10% ITC
o State

- 30 year straight line depreciation

Regulation
. Normalization of ACRS depreciation & ITC
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in the early vears the largest components of the revenue requirement for a Solar
facility are the return of capital and return on capitel. Consequently, as shown in
Figure VIILLD.1, the annual revenue requirement declines until the year 2001. At
that time the opercting costs start to dominate the tofal revenue reguirement
causing it to increase bv the end of the opercting life. The revenue requirement
has increased bv about [7% over the initial levels. Avoided cost payments, under
the study assumptions, would increase over the entire 30-year period.
Figure VIIL.D.2 shows that the annual revenue reauirement and the avoided cost
payment would eaualize in the 1295-1996 time period. From 1996 on the annual
avoided cost pavment would exceed the annual revenue requirement.

AAAAAAA ‘
|

For decision making, the total present worth of the annual revenue requirements
and the total present worth of the ovoided cost poyment must be compared.
Figure VIII.D.3 shows that, because of the high revenue requirements in the earlv
vears, the cumulative present worth of the revenue reauirement remains above the
cumulative present worth of the avoided cost payment throughout the 30 vears.
Note that that is true whether @ 10% capital escalation rate or Edison's corporatie
capital escalation rctes are assumed. The decision variables are as follows:

Canito! Escalation Assumptions

I 0% SCE CORP.
! (Millions)

Totc! PW Revenue Requirements $601.1 $640.5

Total PW Avoided Cost Payment 53¢.1 538.1

250 ™ Legend
D Operating & Maintenance =

-~ DA\NY income Taxes — [
[ 200 = D Return on Capital _— |
( : 1_| Return of Capitel _Jf"'
: = I
: N - -

el NN [T =y

SRS I NN NN\ N = ]

] NRNNR
] e §\§'§

2 ERESNNN
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] g 100p 141 ‘ H--\*m\s-ﬁ
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Figure V111.D.1. Annual Revenue Requirement — Utility Ownership
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Miliions of Dollars

Avoiceg
800 g <
Payment
700 b=
600 =
500 —

400l-

1

300 =
i
|

200 =
t\ A?a;em
100 / .
l_JllI}'lHlJl!'J!HIHlHJHH"L
1987 88 80 82 94 96 98200002 04 08 0B 10 12 14 1617

Figure V111.D.2. Comparison of Annual Cost to Ratepayer — Utility Ownership

Millions of Dollars

700:_ Revenue
i Requirement
i
SDO:—— Avoided Cost
Payment
400 —
200 =—
1ooi
!
EAEEEEEREIENENIE NN EI RN NN RN,
198788 S0 92 94 96 88200002 04 06 08 10 12 14 1817

Figure VII1.D.3. Utility Ownership — Cumuiative Present Worth
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Figure V1il.D.4. Sensitivity to Capital Cost — Utility Ownership

These results indicate that the cost fc Edison's ratepaver of obtaining electricity
from o 100 MW solar facilitv would be minimized by purchasing the power from a

third party at full avoided cost.

Tne results of any financial analysis wil! be sensitive fo the input assumptions.
Figures VIILLD,4 ond VIII.D.5 depict the results of changing the ‘capital costs or the
rate at which the avoided cost pavment escalates. Deoendmg on the capital
escalation rate, capital costs would have to decline 10-15% before the decision
would chonge. As the heliostats represent nearly 40% of the iotal costs the
required reduction in capital costs could be achieved by ¢ 25-40% reduction in the
he liostat costs.

Or o leveiized basis, the base case annual escalation rate for the avoided cost
payment is approximately 2.6%. For the decision to change, the escclation rate
would have to increcse to 10.5% - 11.0% annually depending on the capifal
escalation rate. ‘

in concliusion, without a reduction in the capital costs or an increase in rafe of
escalation of avoided cost, from the financial perspective the utility ratepaver is
better off if the power is puchased at full avoided cost from o third party. This
conclusion is Edison specific because the input is based on Edison's cost of capital,
capital structure, ond avoided cost schedule.

1000
PW Rev Reqg SCE -
Corp Escalation
800 =
800 PW Rev Reg
@ 10% Esceistion
=
&
e 700+=
e
L
g
PW Tote! Avoided
600 = Cost Payment
500 /
JON SR N T Y NN IO AN N

70 80 80 100 110 120 130 140 150
% Estimated Capital Costs
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800
Present Worth Total
Avoided Cost
Pgyment

Present Worth Revenue
- : Reagd Corporate

700 . .

Escsistion Assumption

L

600 —

s

Present Worth Revenue Required
10% Capital Escaiation

Millions of Dollars

800 =
Base Case

|
|
|
i ] | i ] |

7 8 8 10 11 12
Avoided Cost Escaiation (%)

400

Figure VIIL.D.5. Sensitivity to Avoided Cost — Utility Ownership

2. Entrepreneur Owner

a. Financial Analysis

The entrepreneur owner supports the utility's objective of minimizing
ratepayor costs since the entrepreneur's income is determined by the utility's
avoided cost as allowed by the enmergy supplied. The entrepreneur must
determine whether the income received in meeting the utility's objective
will earn a satisfactory return on the investment in the resources required to
generate the energy stream. A satisfactory return must meet or exceed the
marginal rate acceptable to the investor considering the perceived resource
requirements and risks inherent in the project.

The acceptable marginal rate will vary with each investor, so that the
analysis seeks fo define the cash inflows and outflows, and then to determine
values for the various financial figure of merits that an investor would
employ in making an investment decision. in addition, financial sensitivity
o various risks such as capital cost overruns and unrealized ovoided costs
are of interest to the investor.

The analysis capitalizes all costs during construction except those in the
first two years which are engineering related. The latter are expensed, and
thus, not included in the tax credit and depreciation base. Federal energy
tax credits are taken and the 5 year ACRS schedule is empioyed, but state
energy credits are not taken, and 8 year depreciation is assumed for state
taxes. The after tax results are summarized below:
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Dollars in Millions Year 2000 Return on

NPV Maximum
€ 20% Exposure* [RR Sales Capital
Baseline §35 $67 35%  35% 16%
80% Cost Multiplier $50 §54  43% 37% 21%
[20% Cost Multiplier §20 Si112 28% 34% 12%
100% Avoided Cost S48 $67  39%. 36% 8%
80% Avoided Cost §23 $67 30%  34% 3%

* Ocecurs in 1985

The baseline case calculates the avoided cost energy payments at 90 percent
of allowable avoided costs, and considers capital and engineering -costs cf
427 million in December 198] doliars. This value is based on the total work
order level costs of 43| million less 4 million for the switchyard and
transmission line, which the utility provides (Table VIIl.A.i). The cost also
excludes the utilities' consfruction overhead and cost of capital which are
considered in other cash flows. Heliostat hardware costs, which account for
almost 30 percent of total costs, are based on assumed overall production of
75,000 heliostats over |0 years. Table VII.D.| details the common assump-
tions while Table VIi[.D.3 delineates specific assumptions used for the
entrepreneur perspective. Detail reports providing cash flow, pro forma tax
calculations, and other financial statements and ground ruies are included in
the reference document. Figure VIII.D.6 indicates the nature of cash flow.

The detail report shows that, by the year 2000, the internal rate of return
and the return on sales are within a few points of their final values, but the
return on net capital employed ultimately grows to 80%. Figures VIII.D.7
and VIll.D.8 add further perspective about the influence of profitability and
capital cost varigtion while Figure VII.D.9 deals with the value of the
federal energy tax credit. Other sensitivities are examined in the reference
document.

Figure VIII.D.7 indicates quick profitability once operations start, but then

several years of negative net cash flow cause declining returns as the tax
impact of depreciation and interest expense lessens, The downward spike
reflects one year (1997) when the cumulative net cash flow goes negative,
again. The final loan payment is made in that year ending any further
negative net cash flows., Capital overruns may still allow an acceptable
internal rate of return (IRR), but as implied, may extend the period of
negative cumulative net cash flow by several years. Underruns will maintain
i:Rgosiﬂve cumulative net cash flow as-well-as substantially improve the

Figure VIII.D.8 shows the combined impact of escalation rates and the

percent of avoided cost realized in revenue. Profitability appears especially

sensitive fo the escalation rafe of revenues although the level of avoided
cost revenue realized is also quite significant., The figure suggests that
energy cost escalation below general inflation need not discourage investors
provided the power purchase contract provide revenues at close to full
avoided cost.
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Financiai

TABLE VIILD.3(@)
FINAN Ysis___
_EWTREPENEUR ASSUMPTIONS

Construction loan

Short term loans until furnover

First loan 1982

Payment of interest only during construction period based on loan to
date + |/2 of current year loan

65% debjt, 35% equity
|B% interest rate
Commitment fee at .005 per year of remaining loan

Commitment based on total loan commitment less ioan to date + 1/2
of current year

Project financing

65% debt, 35% equity
I6% interest rate

10% year loan
Constant payment loan

Loan cost issuance fee at 006

Discount rate

20% after tax

Avoided Cost Payment

Energy Payment

Negotiated at 90% of full payment (consideration for SCE providing
land, interconnection facilities, and switchyard hardware).

Capacity Payment (levelized, 1988 doliars)

$240/KW/Year (based on the 1985 figure, escalated — not an SCE
published payment)
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TASLE VII1.D.3(b)
| TANCIAL ANNAL
ENTREPRENEUR ASSUMPTIONS

- 0.60 nominal capacity factor (0.56 calculated, after forced outage)

On-Peak Mid-Peak Off-Peak
Summer  Winter Summer  Winter Summer  Winter
.87 .78 .88 T2 48 .30
- Capacity and availability penalties applicable in off-peak period,
only.
- Negotiated at full payment, due.

Tax Considerations

Tax Credit

- Federal 25% (in year cost incurred)
- State 0%

Tax Rates

- Federal 46%

- State 9.6%

Depreciation (partial start in 1986, balance in 1987)
- Federal 5 vear ACRS on federal
- State 8 year SYD

Figure VIII.D.9 indicates the importance of the federal energy credit,

as-well-as the impact if the credit is cut-off before project completion. The
curve reflects that the energy tax credits are taken as capital outlays are
made. Thus, an advantage is gained as the cut-off date is extended. As a
result, a December 1985 cut-off, when the credit is scheduled fo expire, may
still allow an acceptable return to many investors even if the credit is not
"grandfathered" out.

Financial Risks

Lenders generally are concerned with the adequacy of a project's debt
service capability. That is, lenders require a high degree of assurance that
regardiess of events the entity will be able to fulfill its contractual
obligations. Therefore, to successfully obtain project financing for this
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project, the risks will have to be adequately addressed and approprigte
guarantees provided to assure the lenders that debt service can be
maintained. Technical risks are addressed in Section IX of this report; the
purpose of this section is to adequately describe financial risks associatec
with raising of capital by the entrepreneur for construction.

Sifective risk management is key to the projects attractiveness to both the
investor and lender. Risks associated with a project such as this are
generally divided into two categories:

o Risks presented during the construction phase, and
o Risks presented during the operational phase.

There are two primary components to risks presented during construction;
cost overruns and cosntuction delays. '

For a fee, an A&E firm may be willing to guarantee the date of compietion
and accept a firm price contract with appropriate escaiation clauses. In
turn, the A&E firm may require similar guarantees and contracts from its
suppliers. However, in a new technology program of considerable cost, the
A&E ond suppliers may require o substantial fee for scheduie ond cost
guarantees. Fee requirements may be offset somewhat by other
considerations such as market entry or an equity position if the return is
attractive. Even so, preventative measures which include adequate time for

design and test, proper system selection, selection of competent contractors.

and suppliers, advance permitting, and schedule incentives may be the most
effective risk maonagement devices. Such measures are usually combined
with insurance fo provide an adequate risk management portfolio.

Risks presented during operation include, but are not limited to,
underperformance due to design, underperformance due to negligent
operation, underperformance due to inodequate solar insolation, and
‘decreases in the price of electricity. As with the construction risk, the A&E
firm and the individual suppliers may be required through negotiation to
guarantee some degree of performance at a specified level of solar
insolation. Again, for a new technology program, the price would be very
substantial. Also, the scope of A&E liability typically falls short in two
ways: (1) vendor liability is usually limited to repair or replace equipment,
ond (2) the length of guarantee is usually too short to satisfy lenders. If
vendor reputation is strong, insurance may be obtfained to extend coverge to
satisfactory levels,

Another risk associated with the operation phase is underperformance caused
by operator negligence. The facility operator would be required to assume
this risk. The investment bankers indicated that both lenders and investors
would prefer to have the utility who purchases the power to be the
operator. With a utility as the facility operator, there would be no apparent
problem in providing assurance that the facility will be operated in an
effective manner.

Solar insolation risk is the risk that the quality and quantity of energy (i.e.,
sunshine) will be within the design limits. Competent system design analysis
is critical in assessing this risk. The entity responsible for site selection may
be in the bes! position to-assume this risk. Insurance might be available.
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Once the factors that could cause power output shortfalls are properly
assurec against, another risk lenders and investors are concerned with is the
assurance that the power produced will be purchased anc the energy payment
will be enough to cover the debt service. A long term power purchase
contract between a utility and the project owner would be required. This
contract would specify that the utility would be obligated to purchase all the
power produced. The power purchase price typically is established as @
percent of the utility's published avoided cost.

If the economics of the project are heavily dependent upon.the levels of the
future avoided cost, the energy payment could be too low to cover the debt
service. This risk can best be monaged by in depth analysis and a carefully
negotiated power purchase contract.

Regulatory risk may be presented during both construction and operation.
Regulatory risk concerns changes in state and federal regualtions. This risk
may be assumed by the owner or the purchaser of power as negotiated. Two
examples of regulatory risks are the availability of the federal energy tax
credit, as previously discussed, and the size limitation under PURPA, which
currently does not cover a 100 MWe noncogeneration plant. The latter if not
changed, forces a more creative legal structure. Although difficult to
control, continued awareness allows effective anticipation of potential
changes, and a strong iobby can make legisiators aware of industry concerns.

Lenders and investors are also concerned with project delay in the event of a
mishap while the parties argue over liability. Instead of waiting for liability
to be determined, the project owner would be the lender's choice as the
overall responsible party for debt repayment. The project owner will then
deal with the other parties to determine the cause of underperformance and
the debt repayment responsibility.

In sum, preventative measures associated with competent management ond
realistic scheduies are the most effective risk management devices.
Guarantees for costs, schedule and performance would reguire substantial
fees uniess market entry or an equity position is o consideration, and at best,
they have limited application in a new technology program. As indicated,
many of the above-mentioned risks or other as yet unidentified risks could
possibly be managed through an insurance policy that would be adequate to
satisfy lender and/or investor requirements., However, a commercial
enterprise based on a new technology is likely to be subject to high rates by
insurers due to lack of claims experience.

The sensitivity analysis indicates that there are circumstances, particularty
in consort, that may so unfavorably influence the solar project's profitability
that it would be difficult. to attract investors. However, provided the

" projected returns, and with effective allocation and management of cost,

schedule, revenue, performance and regulatory risks, there appears adequate
leeway to assure investor and utility interest in an entrepreneur ownership
arrangement,

Muniéipcl Ownership

One of the scenarios considered in the Solar 100 Project study is the possible
financing and ownership of a 100 megawatt solar generating facility by a
municipality or other public agency.
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This scenario assumes that a city or other local public agency owns its own
distribution system and wants to consider developing ifs own generating capacity to
serve at least part of the needs of its customers rather than depending on purchased
power, .

From the standpoirt of the Southern California Edison Company, this scenario has
the odvantage of making approximately 100 MW of generating capacity in the
Edison system presently used fo serve public agencies in its service area available
for alternative uses thus delaying the need for adding new capacity.

From the stondpoint of the local public agency, this scenario would reduce the
agency's reliance on purchasec power and the uncertainties associated with future
price and availability which such dependence entails., While it does not offer total
energy independence, it may offer a substantial measure of energy self-sufficiency.

in exchange: for a substantial present investment the community would be gaining
the potential for significant long-term savings.

o the facility can be financed with tax-exempt bonds thus reducing
interest costs.

o materials ond equipment used in consfruction would not be subject fo
sales or use taxes.

o] the facility would be exempt from property taxes.

On the other hand, the potential tax benefits associated with private financing and
ownership would be lost under this scenario.

To assess the possible interest in ownership of a 100 MW solar plent by a local
public entity, a financial analysis of such an investment has been prepared.

The assumptions used in the base case analysis are found in Tabie VIIL.D.I and
VIIL.D.4; the results of the analysis are shown in Table Vvill.D.5. Table Vilil.D.6
shows the impact of certain changed input values on the price of electricity in the
first year of operation.

Table VIIl.D.7 which follows is based on an estimated average cost of purchased
power of 6.0345 cents per kilowatt hour in the fourth quarter of 198! and shows
how the estimated cost of purchased power compares with the estimated cost of
power generated at the solar plant based on the assumptions used. No fransmission
costs have been included in the aniaysis. Figure VIIL.D.I0 shows the same
information as that contained in Table VIII.D.7 in graphic form.

Risks

The financing, construction and operation of a 100 MW solar plant by a municipality
is subject to the usual project risks of cost overruns and completions delays in the
construction period and failure to perform adequately and costly maintenance
during the operating period. Risks are compounded in a project utilizing new
technology or one which will operate on a scale not previously attempted.
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I.  Construction Costs

“ e Total Investment S448.3M
Less
e Sales Tax 12.7
e SCE Const. Overhead _17.5
( Municipa! Investment 418.1
| 2. Financing

e Interest on bonds |2%

e Bond reserve fund - | yr. level debt service

Bond issuance cost - 3% of bond amount

e Interest earned on unexpended bond proceeds 14%
» Interest earned on debt service/reserve fund 12%
e 30 year maturity

e Level debt service

® Bond issuance 3Q82

The principal project risks are discussed in an earlier part of this section and many
of these apply to the Municipal Ownership Case. In addition, the municipal scenario
is subject to a few risks that are unique to that case. These include the possibility
that the bond issuved will not be sufficient to complete the project or that a
taxpayer's suit may delay or block the project. ' :

insufficiency of bond proceeds can be addressed by seeking authorization for bonds
in excess of anticipated needs. The best protection against a taxpayer's suit is a
comprehensive feasibility study which demonstrates the project to be in the
community's best interest. '

. r R o s " ~ ° R T A
¢ ' i ' . ' ’ i - . !
[

Volatile interest rates present another uncertainty. It may be possible to issue
short term debt to finance engineering design work and thus await more favorable
market conditions for the issuance of long term debt.

Vii-31




—— .——.4.........-..-._....

SOURCES AND USFS OF FUNDS STATEMENT
MUNICIPAL OWNERSHIP CASE

(MILLIONS OF DOLLARS)

CElIA

YEAR:

Sources of Funds _1982 1983 1984 1985 _ 1986 - 1987 __Total
Tax Exempt Bond Proceeds 852.11 - - - - - 852.11
Interest Earnings on Bond Funds @ 14% 101.60 102.30 95.92 69.06 31.54 1.25 407.67
Interes! Earnings on DSRF @ 12% (. /2 # /0% 78) |2, 69 12.69 12.69 12.69 12.69 12.69 76.12
Unexpended Funds - 730.61 730.81 639.54 347.06 103.50 2551.52

Total Sources of Funds 966.40 845.60 839.43 721.30 3921.30 123.44 3887 ll7
Uses of Funds
Eng./Constr. Costs ) 2.19 12.54 97.63 271.98 185.54 21.19 591.08
Interest on Bonds @ 12% (852 (1713 102.25 102.25 102.25 102.25 102.25 102.25 613.52
Debt Service Reserve Fund 105.78 - - - - - 105.79
Bond Issuance Costs @ 3% 25.56 - - - - - 25.56
Unegpended Funds 730.61 730.81 639.54 347.06 103.50 - 2551.52

Total Uses of Funds 966.40 845.60 839.113r 721.30 391.30 I23 h4 3887.47
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MUNI( IPAL OWNERSHIP C ASF
ANALYSIS OF REVENUE REQUIREMENTS

&
§S+ 11 104, 1¥7%  (MILLIONS OF DOLLARS)

\ YEAR:
Annual Costs \ 1988 989 1990 199 1992 1993 1996 1995
N

Debt Service ~-105.78 10578 105.78 10578  105.78  105.78  105.78 - 105.78
Debt Service Coverage @ 30% .3x /0578 31.74 3.7 3178 3178 3174 3174 3L 3174
0&M 9.63 10.50 1144 1287 1359 1482 16.15  17.60
G&A _1.09 7.73 8.43 9.18  10.01 1091  11.89 12.96
< Total Annual Costs 15826 155.75  157.39  159.17  161.12 16325  165.56 168.09
5 Less: Interest Earnings on.DSRF 12.69 12.69 12.62 1269 1269  12.69 12,69 12,69

W
Net Annual Costs 141,55  163.05 148,69 14648  148.43  150.55  152.87 155.39
Price Per kWhr to Break Even 29 29 .30 30 .30 K1 3l Y.



JOINT SOLAR GENERATION 5TUDY
MUNICIPAL OWNERSHII? CASIZ
ANALYSIS OF REVENUE REQUIREMENTS

(MILLIONS OF DOILLARS) GML/, S

YEAR:

Annual Costs 1996 1997 1998 1999 ° 2000 2001 2002 2003

Debt Service . 105.78 105.78  105.78  105.78 105.78  105.78  105.78  105.78
Debt Service Coverage @ 30% 3i.74 31.74 31.74 31.74 3174 31.74 31.74 31.7h
0&M 19.19 20.92 22.80 24.85 21.09 29.52 32.18 35.08

G&A 1413 I5.00 1679 1830 1995  21.74 2370 258

< Total Annual Costs 170.84 173.84 177.11 180.67 184,55 188.78  193.40  198.43
§ Less: Interest Earnings on DSRF 12.69 12.69 12.69 1269 1269  _12.69 1269  12.69
Net Annual Costs 158.14 161.14  i6h.4l 16797 171.86 17609  180.70  185.73

Price Per kWhr to Break Even 32 33 & ] Jh .35 36 37 .38
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TABLE VIILD.5(d)
JOINT SOLAR GENERATION STUDY
MUNICIPAL OWNERSHIP CASE
ANALYSIS OF REVENUE REQUIREMENTS'

(MILLIONS OF DOLLARS) / o {{/)} .

YEAR:

Annual Costs 200h 2005 2006 2007 2008 2009 2010 2011

Debt Service 105.78 105.78  105.78 105.78  105.78  105.78  105.78  105.78

Debt Service Coverage @ 30% 31.74 31.74 31.74 31.74 3174 3.7, 3174 31.74

0&M - ‘ 38.23 41.68 45.43 49.52 53.97 58.83 64.12 69.89

G&A 28.15 30.62 33.45 36.46 39.74 4332  h1.22 5141

§ Total Annual Costs 203.91 209.88 216.80 22350 231.23  239.67 2u8.86  258.88

& Less: Interest Earnings on DSRF _12.69 12.69 12.69 12.69 1269  12.69 12,69  _12.69
o

Net Annual Costs 191.21 197.19  203.70  210.80 2185  226.97 236.17  2h6.19

Price Per kWhr to Break Even .39 ) A2 A3 A5 A6 .48 .50



TABLE VUILD.5()
JOINT SOLAR GENERATION STUDY
MUNICIPAL OWNERSHIP CASE
ANAL YSIS OF REVENUE REQUIREMENTS

(MILLIONS OF POLLARS) c%ﬁ; s/

YEAR:

Annwal Costs 2012 2003 206 2005 2016 2017 _Tolal

Debt Service 105.78 105.78 105.78 105.78 105.78 - 3170.00

Debt Service Coverage @ 30% 31.74 3174 3174 374 3174 - 951.00

0&M 76.19 83.04 90.52 98.66 107.54 117.22 1319.20

G&A _56.10 61.15 66.65 72.65 79.19 86.32 97141
s Total Annual Costs 269.80 281.71 294.69 308.83 32h.25 203.50 éhl .6l
& Less: Interest Earnings on DSRF 12.69 _12.69 _12.69 _12.69 _12.69 _12.69 _3680.82
]

Net Annual Costs 257.11 269.02 281.99 2%6.14 311.56 190.84 6030.79

Price Per kWhr to Break Even 52 .55 .58 60 .64 .39 12.48
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TABLE VIIL.D.6
IMPACT OF CHANGES IN COSTS ON THE FIRST
YEAR PRICE OF ELECTRICITY
(CENTS PER kWhr)

Capital Costs

+25% 35

Base Case 29

-25% 23
O&M Costs

+25% 29

Base Case 29

-25% 28

Certain protections for bondholders have been incorporated in the Cash Flow
Analysis for the Municipal Ownership Case. These include a debt service reserve
fund equal to a year's debt service which provides assurance that bondholders will
be paid if there is o delay in project construction or insufficient revenues during
operation, and the assumption that debt service coverage of [.30 will be required by
the bond indenture.

Conclusion

The capital investment required by the plant is large and results in an initial solar
generated power cost substantiaily higher than the cost of purchased power. The
gap between the two costs narrows in future years as the cost of purchased power
rises more rapidly than the cost of solar generated power. -

The interest of a municipality or other public agency in the investment will depend
upon how it evaluates the future savings in relationship to the present investment
required and the risks perceived in the project.
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TABLE VIII.D.7
ESTIMATED COST OF SOLAR GENERATED POWER
COMPARED TO ESTIMATED PURCHASED POWER COSTS AT
SELECTED ESCALATION RATES
(CENTS PER KILOWATT HOUR)

Purchase Power Cost

Escalated at:
Solar Generated

Power Cost 8% 10% 2%
7 7 7
29 1 12 14
29 11 i3 15
30 12 15 17
30 I3 6 19
30 14 I8 21
31 16 ° 24
31 17 21 27
32 18 23 30
32 20 26 34
33 21 28 38
34 23 31 42
34 25 34 47
35 27 38 53
36 29 4 59
37 3] 46 66
38 34 50 74
39 36 55 83

40 39 6l o
42 42 6 [ 04
43 46 74 117
45 49 8l 131
46 533 2 147
48 58 98 164
50 62 108 184
52 67 118 206
55 73 130 231
58 78 143 259
60 85 |58 290
64 92 173 . 324
69 99 191 363
$12.02 $12.01 $19.76 $32.76
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IX.
A.

RISKS AND CONSTRAINTS

Technical Risks‘cnd Manaagement Plan

This subject was introduced in Section Il where technology readiness is discussed
for alternative central receiver systems. The design and operation of Solar | and
additional studies and developments specifically related to motten salts provide the
basis for the Solar 100 design. The general conclusion is that the technology is

. ready, but residua! issues relating to extrapolations of results to a larger scale and

extended operating times do exist. It is believed that these issues can be
satisfactorily resolved within state-of-the-art design and manufacturing
capabilities.

Nitrate-based molten salts have been used as heat transport media in the petroleum
and chemical process industries and in metallurgical heat freatment operations for
more than 40 vears. Their application in processes where water and orgarnic fluids
were inadequate (temperatures above 700°F) required the development of
equipment to handle and contain the material.

Physical and chemical properties, heat transfer data, and corrosion rates were

reported for molten salt as early as 1940. More recently, the potential benefits

from use of molten salt in solar applications (see discussions in Section 111.C)
motivated the Department of Energy to sponsor an extensive program to provide
additional technica!l information for the design of solar central receiver sysiems
using this medium. These activities provide .a substantial additional base in
combination with the past industrial experience for this medium.

As with any new technology which uses designs and experience from related fields
and experimentation, there are equipment designs which require modification and
data which must be exirapolated. This carries o certain degree of risk in the form
of potfential cost incurred for equipment design changes and potential penalties
resulting from degraded performance or reduced life. However, the specific
programs, experiments and analyses of the DOE and others directed toward use of
molten nitrate salts in solar central receivers work fo both identify areas of risk
and reduce them fo acceptable levels. This is the essential objective of a risk
management plan. For this conceptual engineering study, an assessment of these
risk c;eas has been made and a preliminary apporach fo risk reduction has been
identified.

Development Status

The Solar 100 central receiver power plant consists of two fields of heliostats, two
towers and receiver systems, a molten salt transport and storage system with
associdted pumps, tanks and valves, a salt driven steam generator and a
conventional turbine generator plant. The development of all of these, except the
turbine generator plant (which maokes use of proven equipment and procedures) is
discussed below.

Heliostats
Several generations of heliostat development have occurred os @ consequence of
DOE-funded programs. The predecessor of current heliostat designs were installed

at the solar furnace facility at O'Deilio in France in 1962 and are still in
operation. The first American central receiver heliostats, installed ot the Central
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Receiver Test Facility (CRTF) in Albuquerquﬁe in 1977, are also still in operation.
CRTF utilizes 222 heliostats, each with 37 m* of reflective arec. Tne Solar | Pilot
Plant in Barstow, which began shakedown festing in 1981, utilizes 1818 heliostats of
an improved design. These 40 m® Solar | heliostats are the product of several
competitive DOE-funded heliostat development efforts which took place in 1977
and 1978. These first generation central receiver system heliostats were designed
to a Sondic Laboratories heliostat specification and were extensively tested by
Sandia at CRTF.

A second generation of five competitive heliostat development contracts was
funded by DOE in 1979 and 1980. The resulting heliostat design corrected
deficiencies of the first generation heliostats. HHeliostats from four of the five
second generation heliostat suppliers were tested extensively by Saondia early in
198]. The results of the evaluation showed that with minor design changes, the
four tested second generation heliostats are viable designs (Reference [X.A.1). The
inherent weaknesses of the first generation designs were all eliminated by one or
more of the second generation heliostats. Several of the second generation
heliostats met substantially all functional requirements ond need only minor
modifications for complete functional compliance with the Sandia Nafional
Laboratories at Livermore (SNLL) A10772 heliostat specification. Accelerated life
testing identified several second generation mirror module designs with long life
potential. One second generation mirror module design, with a specific adhesive
modification, was judged by SNLL (Reference IX.A.2) to have an onticipated life of
20 to 30 years. |

More long-term testing is needed to confirm attainment of the specified 30-year
life capability.

Receiver Towers

Based on existing power plant stack practice, the technology required fo design and
construct the two required receiver towers, using slip-formed concrete, is judged to
be fully developed and proven. .

Receivers

A summary of receiver developments of the last five years is shown in
Table IX.A.l. The list is based on information contained in References IX.A.3 to
0. It includes twelve receivers ranging from 0.3 to 42 MW, in capacity, meost of
which have operated at temperatures near 1,000°F, Five of the receivers are
associated with central receiver pilot plants which have just recently come into
service. One of these pilot plant receivers, part of the THEMIS piant at
Targassone, Frcnced utilizes a (HITEC) salt receiver that operates at an outlet
temperature of 850°F.

Steam Generators

Many sodium heated steam generators of various sizes, up to several hundred MWf,
have been built and thoroughly tested. This technology is fo a large extent
applicable to molten salt steam generators, superheaters and preheaters. Several
hundred small (11 MW, max.) and low pressure (1,000 psig max.) molten salt steam
generators are in use in industry. All users contacted are satisfied with the
performance obtained with molten salt. Tube leaks in the industrial molten salt
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7 Max. Media Maximum Test
Contractor Identification Media Size Temperature et Flux Facility Year Heat Source Test FHours
MW, o MW/m?
{iraly) Francia w/S 0.3 R -— ACTF 1978 Solar 150
MMC e WIS i 1,010 ——- CIRNS, France 1916 Solar 164
MMC/FW DOE Dev. Revr. w/S 5 960 0.7 SNLA-RHF 1977 Quariz Lamp 231
Rocketdyne Borstow 70 Tube w/s 2 1,010 0.3! CRIF 1979-80  Solar 100
oeing EPRI-DOE Air 1 1,500 0.10 CRTF 1979 Solar 1in
_ MMC DOE Dev. Revr. Draw Salt 5 1,050 0.63 CRTF 1980-8f  Solar 100+
ﬁ ESG/Rockwell Sodiuim 3 1,400 1.5 CRTF 1981-1982  Solar —
Rocketdyne Bﬂi’slow Solar | w/S 47 260 0.3 NBarstaw, CA 1982- Solar —-
Da&wW EA Almeria Sodium 2.9 985 0.62 Almeria, Spain 1981 Solar -
(Great Britain) {Spain)
-— Themis (France) FHTIEC Salt 11.2 840 0.70 Targassone, France  © 1982~ Solar —
Ansaldo Furelios (11aly) WIS ha 950 0.8 Adrano, Sicily 1981~ Solar —
(Japan) Sunshine Project ‘ w/s 6 480 — Nio-Machi, Kagawa 1981 Solar
{Spain) CESA-| w/S 4.8 980 0.6 Almerig, Spain 1982 Solar —
Solar 100 Reguiréments Draw Salt 320 1,050 0.6 Cominercial Plant 1987 Solar




steam generators are common and are attributed by the users to inadequate
teegwater chemical control. All of these industrial molten salt steam generators
operate with HITEC (see next paragraph) salt/at temperatures of 830°F and
below. They produce saturated steam with no superheating.

Molten Salt Transport and Storage System

The thermal transport and storage svstem utilizes draw salt (60% sodium nitrate,
40% potassium nitrate) as the thermal transport medium. Draw salt melts at 430°F
and its primary industrial use is as a bath for heat freatment of aluminum alioys. A
very similar and related salt, HITEC (7% sodium nitrate; 40% sodium nitrite; 53%
potassium nitrate) is 'widely used in the industrial heat transfer loops discussed in
Section IX.A.2. It melts at 290°F but is twice as expensive as draw salt and is also
significantly more corrosive af high temperatures. A considerable body of
materials design data for draw salt systems has been gathered by DOE-funded
!l-cllf"l?égor){ and test loop programs. Most component experience is with the related
salt.

a. Salt Stability - Laboratory tests (Reference IX.A.19) and extended running of
a material test loop (Reference IX.A.l14) have demonstrated that draw salt
exposed fo air cover gas operating between the limits of 550°F and |,050°F
equilibrates with an approximately 2% concentration of sodium nitrite and
remains stable at this state. This small chemical change in chemistry leaves
salt properties essentially unaltered and is acceptable.

b. Impurities and Contaminants - Trace impurities of calcium, magnesium and
silicon form compounds which can precipitate and stick to metal surfaces.
Contamination by water and carbon dioxide forms hydroxides and carbonates
which can also separate out as precipitates. All of these precipitates are
filterable. NO- bubblers were shown to be very effective in removing
hydroxides and” carbonates during opertion of a draw salt test loop
(Reference 1X.A.14). :

c. Materials Compatability - The Solar 100 draw salt thermal fransport and
storage loop requires materials which will permit 30 years of operation
between the temperature limits of 550°F and 1,050°F. Carbon steel has a
well demonstrated capability of reliable service in chemical process industry
HITEC salt loops at temperatures well above 550°F (actually as high as
'850°F) for periods in excess of 20 years. The same installations commonly
operate type 304 stainiess steel (S5) tanks and reactor shells in HITEC at
850°F. Laboratory tests at SNLL (Reference IX.A.l{, 12 and 13) and two
years operation of a dynamic draw salt test loop at Martin Marietta
Corporation (Reference IX.A.l4) have identified Inconel 800, 31655 and
30455 as acceptable containment materials for draw salt at 1,100°F,
Thirty-year corrosion allowances based upon two-year corrosion fests and
the most conservative of three extrapolation techniques (Reference 1X.A.14)
are shown in Table 1X.A.2.

These corrosion allowances do not account for the possible effects of creep
‘and thermal cycling on corrosion rates. Very severe repeated thermal
shocking (1100F/70F quench) of corroded coupons (Reference [X.A.l4)
showed the corrosion film to be very hardy. Microscopic examination after
50 quench cycles showed no evidence of spalling. Subsequent measurements
of the effect of creep (Reference IX.A.I15 and 16) in 1,000 hour tests of
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Table IX A-2

30-YEAR CORRQSION ALLOWANCES IN MOLTEN DRAW SALT (Mils)

550°F 750°F 1075°F
Inconel 800 - - 6.
316 SS - - 12.
304 SS - - [9.5%
Carbon Steel 2.5 54.8 -

*|inear extrapolation of one years corrosion (Reference IX A-13).

Incone! 800 in draw salt has revealed that corrosion layers on creep-
deformed specimens are thicker than on undeformed specimens, but the rate
of growth of the corrosion layers are essentially the same. The effects of
corrosion film cracking due fo creep had no measurable effect on material
strength properties and microstructural observation revealed no propensity
for environmental cracking to occur. Intrusions of the oxide into the base
metal were judged to be the result of deformation-induced grain boundary
cracking and not the result of exposure to the molten salt. In other words,
draw salt does not promote a stress corrosion mode of material removal
when the corrosion film is cracked. '

Pumps - Vertical multi-stage pumps with submerged bearings, similar in
configuration to vertical condensate pumps, have been used in industrial
HITEC heat transfer loops for over 40 years. These pumps cover a range of
capacities exceeding the requirements of the Solar 100 receiver and steam
generator salt pumps but operate at considerably lower head (@ maximum of
250 feet of head compared to over 1,000 feet required for the receiver
pumps). Fluid temperatures are usually below 850°F although satisfactory
service at temperatures up to 950°F has been documented. Industrial
experience with salt pumps has been favorable.

Valves and Insirumentation - Valves have been operating satisfactorily in
several hundred of the industrial HITEC molten salt systems that have been
built during the last 40 years. Most are globe valves that operate at 850°F
and below, are self-drainable and commonly have internal bellows stem seals
to prevent leakage. Some butterfly and plug valves have aiso been used.
The HITEC loop valves range from 3 to 8 inches, involve throttling of less
than 100 psi and operate continuously at one operating condition for months
at a time. All users are satisfied with the valves overall performance.

Industrial HITEC loops do not use check valves or high pressure reducing
valves and do not experience daily thermal cycling charocteristic of solar
central receiver service.

The commonly used valve trim material, Stellite #6, did not show any visual
corrosion after a 6,000-hour immersion test conducted by Martin Marietta
(Reference IX.A.12). Erosion-corrosion characteristics of Stellite in high
throttling service have not been determined.

Tanks - Hundreds of horizontal cylindrical HITEC salt tanks are presently in
service in industrial plants. Typical tank sizes are up to |2 feet diameter
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and 30 feet long. They are constructed of 304 SS ond usually operate at
8509F and below. Operation at temperatures as high as 950°F has been
reportec.

Two vertical axis cylindrical tanks each 120 feet diameter and 45 feet high
are required (one for storage of 550°F salt; the other for storage of 1,050°F
salt) for the Solar 100 molten salt system. Each tank holds up to 3.5 million
galions of salt. Similar flat bottom tanks approximately 280 feet in
diameter and 85 feet high (28 million gallons) are used for storage of 450°F
oil in the Syncrude inc. Project in Alberta, Canada. Three vertical
cylindrical dump tanks each 28 feet.diameter x 28 feet high (125,000 galions)
have been fabricated for 700°F sodium service and are currently stored at
Memphis preparatory to instaliation at the Clinch River Breeder Reactor
(CRBR). A 60 feet diameter 45 feet high thermal storage tank for
containment of oil and rock at 575°F has been instalied at the Solar |
Central Receiver Pilot Plant at Barstow, California. And finally, a number
of vertical flat bottom ecylindrical tanks over 200 feet in diameter and
100 feet tall, which have been constructed for LNG storage, require
allowances for large thermal contraction similar in nature fo the allowances
gor large thermal expansion required for the large molten salt tanks of
olar 100,

Heat Tracing - All Solar 100 molten salt piping, the salt storage tanks and
portions of the receiver and steam generator require 550°F heat tracing.
Heat tracing is required fo:

o preheat piping and components prior o charging with molten salt
o prevent freezing of salt during extended shutdown
o thaw frozen salt should it ever become necessary.

Much of the heat traéing must withstand |,050°F temperature in a passive
state for 30 years.

While similar heat fracing requirements are rare, they do exist and hve been
addressed with uniform success at three separate liquid sodium instaliations;
the Energy Technology Engineering Center (ETEC) at Santa Susanna,
California; the Fast Flux Test Facility (FFTF) in Hanford, Washington; and
the Experimental Breeder Reactor Facility (EBR2) near Idaho Falls, Idaho.

Thousands of trace heaters are instalied in sodium loops at ETEC. They
operate at temperatures from 300°F to | ,200°F. Some heaters have operted
continuously for nearly 10 years. Most heaters are periodically shut down as
repairs and modifications are made to the sodium loops. Tubular electric
heater replacements are routinely made on 300°F to 400°F sodium lines
without shutting the loop down. ETEC has experienced reliable service from
their heat tracing and do not consider heat tracing to be a significant cause
of facility shutdown.

FFTF heat tracing operates between 300°F and 1,200°F and is also based on
the use of tubular electric heaters. Redundant heaters are used and each
element is operated at only one-third of its rated capacity. After
experiencing a number of problems during shakedown testing, reliable
operation of the heat tracing has been obtained.
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EBR2 has been operating for |8 years with induction type heat tracing. The
induction field set up by lagging No. 8 wire at a one-inch pitch outside of the
insuiation, causes heating of the carbon stee! pipe by wrapping it with a
sheet metal carbon steel sleeve. Axial breaks in the sleeve are permitted.
Circumferential breaks are bridged with tack welds. Norma! operation of
these heaters is at 580°F. The system has been operating for |8 years very
reliably. With less than [0 hours of repair a year, mostly on controls, the
heat tracing has no impact on availability of the facility.

In each of these systems, reliable operation was attained following an initial
shakedown period during which operating deficiencies were identified and
corrected.

h. Salt Properties - Salt's viscosity, surface tension, density and phase diogram
hove been determined and reported by DOE (References | X.A.16 and [7).
Heat capacity measurements of draw salt made by Sandia Laboratories are
reported in Reference | X.A.18. Data on the thermal conductivity of the salt
are being generted by the Norwegion Institute of Technology under ¢ DOE
contract.

i Salt Handling - Methods of handling and charging systems with large
quantities of molten salt have been studied by Olin Chemical Group for
DOE. The charging procedure for Solar 100 is straight-forward from past
experience. However, Olin has addressed methods to improve the handling
efficiency and time to charge the system, which will be considered for this
plant.

Industrial Experience

During the last 40 years, we!l over 500 industrial HITEC heat transfer loops have
been placed in operation around the world. Most of these loops have salt
inventories about 1% the size required for the Solar 100 central receiver power
plant.  Their pump capacities equal and surpass Solar 100 salt pumping
requirements, although pumping heads are considerably less than the Solar 100
receiver pump requirements.

Operating temperatures are usually 850°F and below. But some operation at 950°F
(in Houdry process loops prior to World War 1I) and at 1,000°F (at the intenco plant
in Houston, Texas) has been reported. The experience is significant since the
HITEC salt is known to be more corrosive than the Solar 100 draow salt at high
temperatures. These loops also provide field experience with 3- to B-inch valves.
Solar 100 uses mostly [2-inch valves. The loops do not thermally cycle or duplicate
the high pressure throttling requirements of Solar 100 valves.

These loops provide a significant body of relevant experience regarding component
designs, materiails and operating procedures.

Solar 100 Technical Risk Areas

Technical risks associated with the Solar 100 central receiver power plant are
discussed below in descending order.




Receiver

The greatest technical risk is in the molten salt receiver. Some of the risk is
inherent in the increase in size over previous receivers (over 7 times as large as the
Barstow Pilot Plant water/system receiver; over 27 times as large as the THEMIS
HITEC salt receiver; over 60 times as large as the Martin Marietta draw salt
receiver). Part of the risk must be associated with the fact that the hottest metal
temperatures in contact with the salt are at the receiver tubes. -

Given the lcrgé scale up from previous designs, the high temperature of the
receiver fubes and the temperature cycling characteristics of receiver operation, a
risk of premature tube failures in early generation receivers does exist.

Steam Generator

The risk of steam generator tube sheet leaks is judged to be moderate. Tube sheet
leaks are common in industrial HITEC salt heat transfer loops. The use of welded
tube sheet joints fabricated to utility industry standards should significantly
improve the prospects for obtaining a leak-free steam generator. ‘Until this result
is demonstrated, however, some risk of water/steam leakage into the salt through
tube sheet cracks must be acknowledged. Such leakage is a contaminant which
would form hydroxides in the salt.

Moiten Salt Corrosion Aliowance

Corrosion allowances discussed in Section IX.A.l and cited in Table IX.A.2 are
based on materials testing tht did not simulate the daily thermal cycling that is
characteristic of Solar 100 salt loop operation. It should be expected that corrosion
tests conducted with thermal cycling will yield corrosion allowances greater than
those listed in Table IX.A.2. Severe thermal shock (1,100 F/70 F quench) tests of
corroded specimens and corrosion tests measured under creep stress conditions have
revealed that the salt induced corrosion films are very hardy and that corrosion
film cracking does not induce stress corrosion modes of material removal. From
Table 1X.A.2, it is clear that a considerable increase in the previously projected
corrosion allowances can be accommodated without serious impact on component
designs. Without a change in corrosion mode (e.g., stress corrosion) the corrosion
rate cannot exceed the initial rate of oxide buildup on uncorroded parent metal
which, for the alloy steels, extrapolates to an upper bound of about 0.! inch for 30
years, based on information reported in Reference IX.A.l4. A minor fraction of
this upper bound is the most that might be expected to result from thermal cycling
corrosion, so the prospects of discovering that one of the alloy steels selected for
Solar 100 (i.e., carbon steel, 304SS, 316SS and incoloy 800) is unacceptable is
certainly small.

It is clear that the possible effect of thermal cycling on required corrosion
allowance constitutes a risk that must be addressed.

Precipitation of Salt Impurities

The potentially adverse effects of precipitation of salt impurities constitutes a
moderate to small risk considering the fact that they are all known to be
filterable. Nevertheless, measures for the disposition and control of precipitates
must be defined and demonstrated to eliminate the risks of heat transfer
degradation, siudge formation and component fouling.
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The 1,050°F draw sait tank will be the largest tank ever constructed for operation
at that temperature. While the required techmology for fabrication of large
stainless steel tanks with large dimensional changes is known and demonsirated,
some level of technical risk is inherent for a tonk which exceeds previously
demonstrated combinations of size and temperature. This risk is judged to be
moderate, but will require special attention to provision of access should repairs be
required.

Heat Tracing

While experience at sodium facilities indicates that, after an initial shakedown
period, relioble heat tracing operation is attainable, some risk of piping or
component rupture during a thawing operation exists due to expansion of the salt.
The salt should be thowed progressively away from an availabie free liquid surface
to avoid damage.

Valves

Although many years of experience with wvalves in industrial, HITEC salt loops
exists, the lack of thermal cycling, large throttling and 1,050°F operation in these
loops introduces the risk of earlier-than-expected curtaiiment of valve life.

Pumps

Technical risks associated with the salt pumps are considered small,

Technical Risk Management Plan

~ General

The following is a plan for reduction of technical risk by:
o adoption conservative design measures and criteria
o reenforcement of the design bases with data from a molten salt test loop

currently being designed by Olin Corporation,  McDonnell Douglas
Astronautics Company and Foster Wheeler Development Corporation

Receiver

In order to reduce the likelihood of early failure of receiver tubes the following
measures will be adopted:

‘o reduction of peak receiver design heat flux from the 0. MW/m2 of the

French THEMIS pilot plant receiver, and 'l'he2 0.63 MW/m* of the Martin
Marietta salt receiver to a value of 0.60 MW/m

o provision of a real time infrared optical scanner for location and
measurement of peak receiver tube temperatures during operation (to permit
remedial action in the event of unexpectedly high flux concentration and
temperature) '

o design to facilitate replacement of receiver tubes

1X-9




Steam Generator

o Minimize risk of tube sheet leaks by
- use of highest quality tube sheet welds
- intensive quality control

o Provide for measurements of hydroxides in steam generdtor sait flow outlet
for detection of steam genertor water/steam leaks.

o Provide an NO5 bubbler in the molten salt pump minimum-flow recirculation
loops for removal of hydroxides whenever steam generator leaks occur.

Corrosion Aliowances

o Measure corrosion under thermal cyeling conditions in the OLIN/MDAC/FW
salt ioop and alter the corrosion allowance of Table IX.A.2 accordingly.

Precipitants

o Add filter stations to the molten salt pump minimum-flow recirculation
loops for removal of precipitants.

o Test filtration and other precipitant control methods in the OLIN/MDAC/FW
salt loop.

Heat Tracing

o Conduct thaw tests in the OLIN/MDAC/FW sait loop for identification of
satisfactory procedures.

Valves

o Test o variety of valves (including conventional designs without bellows stem
seals) under thermally cycling conditions in the OLIN/MDAC/FW salt loop

Tanks

o Size the hot and warm salt tanks fo permit either tank to hold the entire
system inventory (o enable access for repair of the other tank).

o Make provisions for flushing tanks with water to dissolve and remove salt
residues prior fo repair. .

Complementary Activities Affecting Technical Risk

Pilot Plant Operation

In oddition to the Barstow 10 MW Pilot Plant there are 5 foreign pilot plants (3
currently operating, 2 scheduled for operation in 1982) that will be valuable sources
of operational experience and will provide extended field testing of many important
components. Each pilot plant is scheduled to operate for several years. The
complete list is

1X-10



[ Barstow (US4, W/S 47 MW1t)

o THEMIS (France, HITEC salt, || MW1)
o ALMERIA (IEA, sodium, 3 MW1)

o CESA-| (Spain, W/S, 5 MW1)

o EURELIOS (ltaly, W/S, 6 MW1)

o SUNSHINE (Japan, W/S, 6 MW1)

Maintenance of technical ligison with these projects and timely information of their
progress can help fo significantly reduce the technical risks of the Solar 100
project. Some of the expected products of the pilot plant test programs include:

o verification of receiver design margins

o field performance, life and availability records for major components
o record of component failures and their remedies

o establishment of preferred plant operating procedures

The pump, valve, tank, receiver and steam generator experience with the THEMIS
HITEC salt system at Targassone, France will yield much information of particular
value to the Solar 100 project.

Combined System Experiment

With the planned termination of DOE funded solar programs late in 1983, efforts
are underway 1o arrange for operation of a combined system experiment at CRTF
before the facility is shutdown. This experiment would involve operation of a 5
MW+t molten salt loop combining the Martin Marietta 1,050°F draw salt receiver
and salt tanks (aiready at CRTF) with a 5 MWt salt steam generator mode of off-
the-shelf heat exchanger elements adapted for salt service. Extended operation of
this loop could be of immense value to the Solar 100 project. It would duplicate
Solar 100 thermal cycling, high P valve throttling, system corrosion, precipitant
control, heat frocing and system operating procedure constraints with full
temperature draw salt to a degree unmatched by any other available facility.

The minimization of Solar 100 fechnical risks would be well served by support of

efforts fo run the combined system experiment and by lobbying efforts to keep
CRTF open for extended operation of the experiment through 1984,
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Xl. UTILITY ADVISORY BOARD

in order fo disseminate information on the Solar 100 Project and fo solicit comments on
the conceptual study, the Utility Advisory Board (UAB) was formed. The UAB consists of
various southwest utilities which would have a commericol interest in a cost-effective
solar thermal power plant. The binding parameter which is common to all members of
the UAB is the availability of solar sites; the southwestern portion of the United States is
recognized as one of the best areas in the world for solar development.

Participation in the UAB was by representatives of the following utilities and
organizations: :

Electric Power Research Institute

Arizona Public Service Company

Sierra Pacific Power Company

Pacific Gas and Electric Company

Public Service Company of Colorado

U.S. Department of Interior - Bureau of Reclamation
Public Service Company of New Mexico
Bonneville Power Administration

E| Paso Electric Company

Los Angeles Department of Water and Power
San-Diego Gas and Electric

Utah Power and Light

California Department of Water Resources

Two meetings of the UAB were held, and o final meeting to review the final report will
be held when it is completed. The first meeting of the UAB was held on June 8, 1981.
The purpose of this meeting was fo present the intended scope of the study and to solicit
comments from the utilities. Presented were the basic ground rules and assumptions
necessary fo conduct the study, the methodology for comparing the various candidate
systems, the scope of the conceptual design and costing, and finally the scope of the
business/financial study.

On August 27, 1981, the second UAB meeting was held. The trade studies had been
completed and a molten salt system had been selected to be carried into conceptual
engineering, costing and innovative financing. During the meeting, detailed discussions
of the trade study were held including comparative system efficiencies, costs and risks.
Financial discussions consisted of potential structures, participants and modeling
techniques. Additionally, potential areas of government impact were delineated. These
areas included continuation of energy tax credits and various PURPA considerations.

The Utility Advisory Board provided a useful forum where ideas from other utilities could
be expressed and incorporated as appropriate.
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. CONCLUSIONS AND RECOMMENDATIONS

The three participating companys, Southern California Edison, McDonnell Dougias and
Bechtel reached the following conclusions:

I

It is technically feasible to build a 100 MWe solar thermal power plant by 1988.
Such o plant is envisioned to use 2-50 MW heliostat fields each with a separate
receiver/tower in a surround field(s) configuration; both fields will supply a common
power block. T

The technical risks of building a 100 MWe solar plant appear to be manageable. The
techrology is ready although residual issues relating fo extrapolation of results
from prior prototypes and tests tfo larger scale ond extended operating times do
exist. It is believed that these issues can be resolved within state-of-the art design
ond manufacturing capabilities.

The financial analyses showed that utility ownership was not a viable option since
the resulting energy costs would exceed Edison's avoided cost. Municipal ownership
is a possible viable option although highly contingent upon methods of financing.
Third party or entrepreneurial ownership offers the potential of electricity priced
below avoided or marginal costs and a sufficiently high rate of return to attract
investors. Third party financing is viable due to different tax laws associated with
nonutility ownership.

Although this report investigated a conceptual design that was site specific to
Edison, it was also concluded that the solar thermal central receiver concept is
potentially viable anywhere in the southwestern U.S. ond Hawaii.

To further pursue Edison's corporate objective's of having 300 MWe of solar
capacity by 1990, Edison released a Solar Program Opportunity ‘Announcement
(SPOA) on May 3, 1982, to solicit proposals for a third party ownership of Solar 100;
proposals are due September 17, 1982. Edison, therefore, expects to hove a
minimum of one large solar central receiver by 1920 at or below avoided cost to its
rate payer. In order to expand the use of central receiver type power stations to
lower the unit cost of heliostats (which accounts for 40% of total plant cost),
Edison recommends other utilities o solicit proposals via an SPOA to compare this
technology fo present day alternatives. While it is understood that other utilities
have a different generation mix ond rates, the incremental rate structure is
probably based on oil and therefore similar to Edison's.

There are different methods of solar generation (e.g., photovoltaic, trough,
parabolic disk), however, none of the methods in their present state-of-the art
offers the immediate potential of producing electricity at below fossil (oil/gas)
generated costs. These costs could be appreciably lower if heliostat production
costs could be lowered. Given the alternatives focing today's utilities, a central
receiver solar thermal power plant must be an alternative carefully compared to
other forms of generation. Contrary to other forms of nonrenewable sources of
power which has, and will continue to have, a constantly spiralling increase in both
capital and fuel costs, solar thermal offers lower unit costs with production
increases and no fuel cost.
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