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1.0 GENERAL 

1.1 SCOPE 
This specification defines the system requirements, subsystem characteristics and required operating 
modes for a solar cogeneration facility to be located at the Texasgulf Comanche Creek sulfur mine in 
Fort Stockton, Pecos County, Texas. The requirements provided in this specjfication are consistent 
with the level of detail and accuracy of a conceptual design study. 

1.2 SYSTEM DESCRIPTION 
The solar cogeneration facility for the Texasgulf Comanche Creek sulfur mine will be accomplished 
with minimal modification of the existing Frasch process mining operation. The system consists of a 
saturated water/steam solar central receiver coupled to a condensing, uncontrolled extraction 
superheat steam turbine (thru a superheat ·boiler) that delivers electricity and thermal power in the 
form of heated water. The major elements of the system are: 

• Site 
• Site Facilities 
• Collector Subsystem 
• Receiver Subsystem 
• Master Control Subsystem 
• Fossil Energy Subsystem 
• Electric Power Generation Subsystem 
• Process Heat Subsystem 
• Electrical Subsystem 
• Fluid Circulation Subsystem 

The primary interfaces of these subsystems are shown on Figure 1-1. A diagram of the cogeneration 
facility integrated with the existing plant is shown on Figure 1-2. 

1.2.1 Site 
The Texasgulf Solar Cogeneration Facility will be located 25.9 km (14 miles) northeast of Fort Stock
ton, Texas (about 245 miles east of El Paso), at an altitude of 913 m (2995 ft) above mean sea level. 
The site is located at 30° 52'N latitude, 102° 55'W longitude. The solar cogeneration facility at the 
Comanche Creek Plant will be laid out as illustrated in Figure 1-3. 

1.2.2 Site Facilities 
The addition of the solar cogeneration facility will require some modifications to the existing plant 
along with the new facilities in order to adapt the site to the solar system. These include: 

• Storage and Maintenance Facilities 
• Security Fencing 
• Added Access Roads 
• Combined Operations Center 

1.2.3 Collector Subsystem 
The collector subsystem provides the means of reflecting the incident solar radiation on to the 
receiver. It consists of a field of heliostats arranged in a north-field configuration located to the 
south. of the sulfur mine. The heliostat layout is illustrated in Figure 1-4. Included in this subsys
tem are the following: 

a. Heliostats, including reflective surface, structural support, drive units, control sensors, pede
stals, foundations, cabling, and cable array installations. 

b. Electromechanical and electrical controllers, including individual heliostat and heliostat field 
controllers, control system interface electronics, and power supplies. 
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Figure 1-4. Heliostat Field Layout 

1.2.4 Receiver Subsystem 
The receiver subsystem provides the means of transferring the incident radiant flux energy from the 
collector subsystem into the receiver water/steam working fluid. It consists of an elevated, flat, 
tubular receiver, a steel tower to support the receiver, and the tower up/down piping to and from the 
receiver. This subsystem will also include a steam drum and. control elements to regulate the flow 
and pressure for safe and efficient operation. 

1.2.5 Master Control Subsystem 
The master control subsystem shall be provided to sense, detect, monitor and control the solar por
tions of the cogeneration facility, and interfaces with all subsystems and the existing plant, in order 
to insure safe, reliable and efficient operation. The master control subsystem consists of controllers 
for each major subsystem, a central computer and control unit, control and display consoles, inter
face electronics and software. 

1.2.6 Fossil Energy Subsystem 
The fossil energy subsystem provides a nonsolar energy source which is used to maintain normal 
plant operation during periods of reduced or no insolation. It consists of a saturated boiler, a 
superheater and an accumulator, all selected to supply the steam requirements of the turbine. 

1.2.6.1 Fossil Boiler 
The boiler will be gas fired to a minimum firing rate of 5% and its output will parallel the solar steam 
supply and feed into the accumulator. 

A-9 
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1.2.6.2 Accumulator 
The accumulator provides a means of storing a portion of the thermal energy output of the receiver. 
Solar transients can be both large and virtually instantaneous. These severe transients can be 
smoothed by use of a buffer storage system which replaces the flow lost from the receiver and main
tains a rate of change consistent with fossil boiler capabilities, thus keeping plant output constant. 

Buffer storage is obtained from the accumulator. Both the receiver output and the saturated boiler 
output feed into the accumulator. The output from the accumulator goes into the superheater. 

1.2.6.3 Fossil Superheater 
The superheater receives its input from the accumulator in the form of slightly wet saturated steam. 
It heats this saturated steam to superheat conditions for the turbine inlet. 

1.2. 7 Electric Power Generating Subsystem 
The electric power generating subsystem (EPGS) will be a superheat steam turbine. Steam is 
extracted at an intermediate turbine stage to heat the process softened water. The remaining steam 
is expanded thru the turbine and used to preheat the well water. The generator controls are 
designed to maintain 60 Hz operation independent of the utility grid. 

1.2.8 Process Heat Subsystem 
The process heat subsystem consists of two sets of condensing heat exchangers; one set located at 
the turbine extraction point to heat softened water for the sulfur mining process and the other set 
located at the turbine exhaust to heat the well water. To ensure system reliability, these heat 
exchangers will be arranged in multiples of 2, as described in 3.8. 

Because of the sulfur mining process, the flow of water thru one set of heat exchangers must be pro
portional to the flow of water thru the other set. Consequently, the thermal requirements are pro
portional to each other. 

1.2.9 Electrical Subsystem 
The electrical subsystem consists of the necessary equipment to monitor and control the flow of 
power from the generator to either the utility grid or the sulfur mining operation, in addition to 
accommodating the existing power flow from the grid to the mine if required. It also disconnects the 
generator from the grid in cases of a grid or plant or generator fault. Automatic resequencing equip
ment is used to re-establish the grid connection. 

1.2.10 Fluid Circulation Subsystem 
This fluid circulation subsystem includes all the pumps, field piping, brackets and hardware that phys
ically connect the other subsystems together. It allows all of the "off-the-shelf" hardware to be 
located in a specific category for ease of pricing and control. 

1.3 MODES OF OPERATION 
Operation of the Comanche Creek plant is well defined and Texasgulf works the sulfur mine on an 
around-the-clock, year-round basis. Therefore, to be compatible, the solar cogeneration facility will 
supply superheated steam to the turbine by operating in one of the following modes: 

• Nonsolar - Normal Operation 
• Solar - Normal Operation 
• Solar - Intermittent Clouds Operation 
• Solar - Startup 
• Solar - Normal Shutdown 
• Solar - Emergency Shutdown 

1.4 DEFINITION OF TERMS 

a. Beam Pointing Error-The angular difference between the aim point and the beam centroid of 
a mirror. 
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b. Capacity Factor Annual, Nonsolar-Annual nonsolar MWh divided by the product of 8760 hr 
and Thermal Power, Prime Mover (MW 1) (defined below). 

c. Capacity Factor Annual, Overall-Annual solar MWh plus annual nonsolar MWh divided by 
the product of 8760 hr and Thermal Power, Prime Mover (MW 1) (defined below). 

d. Capacity Factor Annual, Solar-Solar MWh divided by the product of .8760 hr and Thermal 
Power, Prime Mover (MW1) (defined below). 

e. Cogeneration- The combined production of electrical or mechanical energy and useful ther
mal energy. 

f. Conversion Efficiency, Gross-Gross output provided by a conversion device divided by total 
input power at specified conditions. 

g. Conversion Efficiency, Net-Actual net output (after deducting losses) provided by a conver
sion device divided by the required input power at specified conditions. 

h. Demand- The power versus time profile of the energy required to satisfy the energy needs of 
the final consumer or end use consuming process. 

i. Design Point- The time and day of the year at which the system is sized with reference insu
lation, wind speed, temperature, humidity, dewpoint, and sun angles. 

j. Direct lnsolation-Non-scattered solar flux falling on a surface of given orientation (watts per 
square meter). 

k. Discounted Cash Flow Rate of Return (DCRR)-DCRR is the discount rate which makes the 
difference, in discounted after tax cash flows, of two alternate power plants over their 
economic life equal to their difference in capital costs. It is also analogous to the interest rate 
which would be obtained if the capital loaned as an investment. 

1. Field Receiver Power Ratio-Maximum heliostat field power output divided by maximum 
receiver power absorption capability. 

m. Fluid, Working-The fluid used in the turbine or other prime mover. 

n. Fluid, Receiver-The fluid used to cool the solar receiver apd distribute the absorbed solar 
energy to other parts of the system; heat transport fluid of the receiver. 

o. Geometric Concentration Ratio-The ratio of the projected area of a reflector system (on a 
plane normal to the insolation) divided by absorber area. 

p. Levelized Annual Energy Cost (LAEC)-LAEC is the constant cost required each year over the 
economic life of the power plant to cover the cost of capital and the recovery of the initial 
investment including all expenses, operation and maintenance, taxes and insurance, pur
chased or exported power, and purchased or displaced fuel. It is analogous to the utility 
method of calculating the cost of electricity in dollars per kwh except here it is in total cost 
per year for the power plant. 

q. Payback Period-A traditional measure of economic viability to investment project. A pay
back_ period is defined in several ways-one of which is the number of years required to accu
mulate fuel savings which exactly equal initial capital cost of system. Payback often does not 
give an accurate representation of total life-cycle values. 

r. Power-to-Heat-Ratio-The net electric power divided by the thermal power to the user. 

s. Process Heat- Thermal energy which is used in industrial operations. 

A-11 



GENERALfj ELECTRIC 

t. Receiver Efficiency-Ratio of thermal power output at receiver base to incident solar power 
upon receiver. 

u. Solar Cogeneration- Utilizing solar central receiver technology for the combined production of 
electrical or mechanical energy and useful thermal energy. 

v. Solar Flux-The rate of solar radiation per unit area (watt/m 2). 

w. Solar Fraction, Annual-Ratio of solar energy to the process divided by the total energy con
sumption, annual average, measured at turbine inlet. 

x. Solar Fraction, Design Point-As above at design point. 

y. Solar Multiple-Defined at the design point as thermal power from receiver after downcomer 
and piping losses divided by Thermal Power, Prime Mover (definition below). 

z. Storage Capacity- The amount of net energy which can be delivered from fully charged 
storage system. 

aa. Thermal Power, Fossil Heater Output-Thermal power input to working or transport fluids 
from the fossil heater after stack and miscellaneous losses. 

bb. Thermal Power, Prime Mover-Thermal power input to turbine or other prime mover at 
design point. For cogeneration, thermal power to operate the balance of the system is 
included. 

cc. Thermal Power, Receiver Output- Thermal power derived from the receiver, does not include 
electrical parasitic or downcomer thermal losses. 
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2.0 REFERENCES 

The design presented in this specification shall be prepared whenever possible, in accordance with the 
following standards. These standards govern the design and selection of vessels, heat-transfer equip
ment, mechanical equipment, structures, piping, instrumentation and electrical items that are used in 
process industries. These documents, of the issue in effect on the date of the ~ontract award, form a 
part of this specification to the extent stated herein. 

2.1 STANDARDS AND CODES 

• Uniform Building Code - 1976 Edition by International Conference of Building Officials 

• American National Standards Institute (ANSI) 

- ANSI A58.1-1972 Minimum Design Loads in Buildings and Other Structures 

- ANSI B31.1-1977 Power Piping 

- ANSI Cl2. 

- ANSI C37. 

- ANSI C50. 

Transformer 

Switchgear 

Generator 

• Occupational Safety and Health Administration (OSHA) ~egulations 

- OSHA Title 29, Part 1910 Occupational Safety and Health Standards 
- OSHA Title 29, Part 1926 Safety and Health Regulations for Construction 

• ASME Boiler and Pressure Vessel Code: 

Section I - Power Boilers 
- Section II - Materials Specifications 
- Section VIII - Unfired Pressure Vessels 

• Institute of Electrical and Electronic Engineers (IEEE) Codes, as applicable 

• National Fire Protection Association (NFPA) National Fires Codes - 1979 

• Design, Construction, and Fabrication Standards 

Standards of AISC (American Institute of Steel Construction) , 
Standards of ACI (American Concrete Institute) 
Standards of TEMA (Tubular Exchanger Manufacturer's Association) 
Standard 650 of API (American Petroleum Institute) 

- (Welded Steel Tanks for Oil Storage) 
Sandia Livermore Laboratories 
Collector Subsystem Requirements Specification Al0772 
(2nd Generation Heliostats, Issue D) 
National Electric Safety Code 

• International System Units, 2nd Revision, NASA SP-7012 

• Human Engineering Design Criteria, MIL-STD-810C and MIL-STD-1472 

• Environmental Test Requirements, MIL-STD-8 lOB 

• Nuclear Regulatory Commission (NRC) Regulatory Guides 

NRC Guide 1.60 
- NRC Guide 1.61 

A-13 



GENERAL. ELECTRIC 

2.2 OTHER PUBLICATIONS AND DOCUMENTS 

• Rules and Regulations of the Texas Department of Water Resources 

• West Texas Utilities Plant Grounding Practices: 
IEEE Std-80, 1976 and ANSI C2-1981. 

2.3 PERMITS AND LICENSES REQUIRED 

• FAA approval for tower construction 

2.4 APPLICABLE LAWS AND REGULATIONS 

• Regulations of the Federal Aviation Administration 

" Regulations of the Civil Aeronautics Board 

• National Energy Conservation Policy Act of 1978 

• Power Plant and Industrial Fuel Use Act of 1978 

• Public Utilities Regulatory Policy Act of 1978 

• National Gas Policy Act of 1978 

• Energy Tax Act of 1978 

• National Environmental Policy Act (NEPA) 
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3.0 REQUIREMENTS 

The solar cogeneration facility shall be designed to meet the performance requirements of this sec
tion. This specification is applicable as a design requirement only to the new or modified portions of 
the solar cogeneration facility. The solar cogeneration design specifications shall make maximum use 
of completed or ongoing DOE solar R&D activities. 

3.1 SITE 

The solar cogeneration facility will require 1.42 x 105m2 (35 acres) of land for the solar collector 
field. It will be located in close proximity to the sulfur mining operation with the collector field sym
metric about the geographic North/South line. Minimal site grading will be required to provide a 
uniform nearly level slope in the direction of natural drainage. The collector field surface is to be 
treated following heliostat installation to minimize dust. Provisions are to be made to allow mainte
nance vehicle traffic between heliostat rows during all weather conditions. 

The following are site characteristics which will be factored into the design of the new facilities to be 
installed: 

• Soil stratigraphy and conditions are generally uniform across the site. The soils grade from 
sandy silts to silty sands and vary in relative density from loose to depths on the order of 
0.6 m (two feet), medium dense to an average depth of 3 m (10 ft) and very dense below this 
zone. The soils will permit support of major and auxiliary structures at a depth of 0.6 m (2 ft) 
below ground surface. The natural slope of the heliostat field land area is from south to 
north, approximately 3.5 m (12 ft) drop in 610 m (2000 ft) run. 

• Fort Stockton has an arid subtropical climate with hot summers. Typical climatological data is 
best represented by the thirty year period from 1938 to 1967 for which the mean annual total 
precipitation was 31.1 cm (12.23 inches). More than 70% of the total precipitation normally 
falls in the -six month period from May through October. 1941 was the wettest year with a 
total rainfall of 74.4 cm (29.3 inches). June, 1941 recorded both the maximum monthly rain
fall of 15.3 cm (6.0 inches) and the maximum daily rainfall of 9.8 crri (3.9 inches). Precipita
tion in the form of snow is very rare with the greatest depth recorded as 5.0 cm (2.0 inches) 
in February, 1961. 

• For this same 30 year period the mean annual temperature was 18.4 °C (65.2 °F). The warm
est month was July with an average temperature of 27.7 °C (81.9 °F) and the coolest month 
was January with an average temperature of 7.8 °C (46.1 °F). The highest temperature 
recorded during the period was 44.4 °C (112 °F) in June 1939; and the lowest temperature 
was - 15.6 °C (4 °F) in December 1953. 

3.2 SITE FACILITIES 

The following requirements apply to these facilities. 

3.2.1 General 
In providing the required facilities maximum use is to be made of existing structures and facilities to 
accomplish the required functions. New facilities are to be located so as to minimize the need for 
relocation or modification of existing facilities. 

3.2.2 Specific Facilities 

• Storage and Maintenance / 
Sufficient space will be provided for storage of solar plant spare parts and components. It 
should be a roofed building for environmental protection of the stored parts. It will be sup
plied with electricity and lighted. Adequate space and equipment is to be provided to allow 
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maintenance to be performed on the largest plant item which can be removed from the sys

tem for local maintenance. Cleaning equipment is to be provided for the largest removable, 

repairable steam component. Lifting and handling equipment is to be provided in all storage 

and maintenance areas as required. Heating, ventilation and air conditioning equipment will 

be provided as required. 

• Security Fencing 
A security fence will be required around the perimeter of the collector field. It will be of chain 

link design and 2.4 m (8 ft) high with 3 strand barb wire on top. The fence will have one per

sonnel gate and other gates capable of admitting maintenance vehicles. Provisions will be 

made for piping and transmissions lines running to and from the sulfur mine. 

• Operations Center 
The existing Comanche Creek control room will be expanded to accommodate the needs of 

the solar co generation facility. 

3.3 COLLECTOR SUBSYSTEM 
The collector subsystem shall reflect solar radiation onto the receiver subsystem in a manner which 

satisfies the receiver incident heat flux requirement. In addition, the collector subsystem shall 

respond to commands from the master control subsystem for emergency defocusing of the reflected 

energy or to protect the heliostat array against environmental extremes. The heliostats shall be prop

erly positioned for repair or maintenance in response to either master control or manual commands. 

Heliostat design shall provide for stored or safe position for use at night, during periodic mainte

nance and during adverse weather conditions. The collector subsystem shall be designed to match 

the receiver design and provide energy to the receiver working fluid consistent with the end energy 

requirements of the Comanche Creek Plant. 

3.3.1 Collector Field 
The collector field d.esign shall provide the optimum heliostat layout considering the following: 

a. Heliostat capital cost 
b. Operating and maintenance cost 
c. Field wiring cost 
d. Land availability and cost 
e. Terrain contour 
f. Heliostat performance 
g. Receiver aperture size and cost 
h. Receiver tower height and cost 
i. Reliability 
j. Shading and blocking 
k. Atmospheric att~nuation 
1. Latitude 

m. Receiver flux capability 
n. Required design power 

The optimization shall be by use of the DELSOL computer code developed by Sandia Laboratories. 

The collector field shall be capable of supplying 22.4 MWt (7.4 x 106 Btu/hr) incident power to the 

receiver at the noon, equinox design point at the Fort Stockton, Texas site. 

3.3.2 Heliostat Performance 
The heliostats shall meet the operational performance requirements of the Collector Subsystem 

Requirements Specification A10772, Issue D, Sandia Livermore Laboratories. The Heliostat Array 

controller (HAC) is not part of the collector subsystem, hence, any requirements for the HAC in the 
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Sandia specification are for reference only. The requirements of Section 4.0 of this specification shall 
take precedence over those of Appendix I in the Sandia specification. 

3.3.3 Heliostat Field Data 
The heliostat field will consist of typical, second generation heliostats having the following charac
teristics: 

• Total mirror module area 53.5lm2 (576 ft2) 

• Heliostat dimensions 7.39 m wide x 7.44 m high 
(24 ft 3 in x 24 ft 5 in) 

• Heliostat area 55.01 m2 (592.1 ft2) 

• Total reflective area 52.77 m2 (568.02 ft2) 

• % Reflective area [ Total Reflective area I %% 
Heliostat area 

• Mirror reflectivity (clean 92%) Nominally 90% 

• Heliostat (1 - standard deviation) .75 milliradians each axis 
angular errors for pointing 

• Surface normal (1 - standard deviation) 1 milliradian each axis 
errors 

• Minimum distance center to center 
(heliostat spacing) 

10.79 m (35.4 ft) 

• Height of elevation axis centerline 4.04 m (13 ft 3 in) 

3.4 RECEIVER SUBSYSTEM 
The receiver subsystem shall transfer the incident radiant flux energy from the collector subsystem 
into the water/steam working fluid that is circulated in the receiver. The subsystem consis.ts of the 
receiver, the tower, the steam drum, and the riser and downcomer piping. 

3.4.1 Structural Design 
The receiver and tower shall be designed to provide access for maintenance and inspection of tower 
structure, receiver, working fluid, instruments and controls, utilities, etc. Consideration shall be 
given to ease of maintenance. Adequate provisions shall be made to ensure crew safety at all times 
for required operations, inspection, maintenance and repair. The receiver design shall be consistent 
with the intent of appropriate ASME Boiler Codes and meet the operational and survival require
ments provided in Section 4.0. 

3.4.2 Receiver 
The receiver shall be of a natural circulation design in the form of an external, flat tubular panel that 
faces a north field of heliostats. The receiver shall be inclined downward at an angle of 20° from the 
vertical and have the following design and operating requirements: 

• Active Surface Area 54.4 m 2 (585.6 ft. 2) 

• Design Point Peak Flux 0.685 MW/m2 

• Design Point Average Flux 0.38 MW/m2 

• Receiver Power Rating 20.8 MW1 

• Receiver Working Fluid Water/Steam 
• Steam Flow Rate 9.21 kg/s (73210 lb/hr) 
• Receiver Fluid Inlet Temperature 162 °C (323.6 °F) 
• Receiver Fluid Outlet Temperature 271.8 °C (521.2 °F) 
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• Receiver Outlet Pressure 
• Total Receiver Dry Weight 
• Weight of Working Fluid 
• Overall Receiver Efficiency 

3.4.3 Receiver Fluid 
The specifications for the receiver fluid shall be as follows: 

Water purity requirements are 

Total dissolved solids 
Suspended solids 
Hardness 
Free caustic 
Dissolved oxygen 
Carbon Dioxide 
Total Silica (as SiO2) 

Total Iron (as Fe) 
Total Copper (as Cu) 

0.10 ppm max 
zero 
zero 
zero 
zero 
minimum, preferably zero 
0.01 ppm max 
0.01 ppm max 
0.005 ppm max 

5.65 x 106 Pa (820 psia) 
34020 kg (75000 lb) 
10603 kg (23375 lb) 
93% 

pH value - Adjust to obtain 0.01 ppm iron maximum. 
This will normally require a pH value within 
the range of 8.5 to 9.5, measured at 77F. 

3.4.4 Receiver Tower 
The tower that supports the receiver, piping, and other elements of the receiver subsystem shall be 
designed to meet the operational survival requirements of Section 4.0. The design shall consider the 
geological characteristics of the site as indicated in Section 3 .1. The tower shall also provide access 
for inspection and maintenance of all supported time. 

The tower has the following characteristics: 

• Tower Height 
• Structural Type 
• Base Dimensions 
• Top Dimensions 
• Deflection in 40 m/ s wind 

3.4.5 Tower Up/Down Piping 

70 m (229.7 ft) 
Steel 
16 m x 16 m (52.5 ft x 52.5 ft) 
4.0 m x 9.2 m (13.1 ft x 30.2 ft) 
15 cm (5.9 in) 

The tower up/ down piping are to provide the means of transporting the cold and hot receiver fluid 
between the ground and the receiver. Provision is to be made for piping thermal expansion in reli
able, cost effective manner. Materials are to be used which are compatible with pressurized water at 
a temperature/pressure of 162 °C/6.0 x 106 Pa (323.6 °F/870 psia) for the riser and saturated steam 
at a temperature/pressure of 271.8 °C/5.65 x 106 Pa (521.2 °F/820 psia) for the downcomer. 

3.4.6 Receiver Steam Drum 
The receiver steam drum is to be sized to obtain adequate system control over all types of solar tran
sients. Materjals are to be used that are compatible with saturated steam at a temperature of 
271.8 °C (521.2 °F) and a pressure of.5.65 x 106 Pa (820 psia). 

3.5 MASTER CONTROL SUBSYSTEM 
A master control subsystem shall be provided to monitor and control all system and subsystem 
parameters to ensure safe and proper operation of the solar cogeneration facility. 
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3.5.1 General 
The master control subsystem shall have sufficient data acquisition capability to completely character
ize the operating status and efficiency of all major components of the cogeneration facility. 

All changes, additions, or modifications to the existing control system shall result in a system which 
will allow the existing plant to operate independently whether the solar facility is operable or not. 

3.5.2 Operating Modes 
Operation of this cogeneration facility will be performed in one of the following modes: 

• Nonsolar - Normal Operation 
The nonsolar mode is the predominant mode of operation since it occurs during all nonday
light hours and periods of extended cloud cover. In this mode, a gas fired boiler will supply 
the necessary saturated steam to the accumulator. The control system will sense turbine 
throttle conditions and adjust the boiler and superheater to maintain constant output. The 
solar central receiver is isolated from the loop during this mode. 

• Solar-Normal Operation 
In this made the cogeneration facility primarily operates as a hybrid except at the design point 
when it operates as solar alone. During daylight hours, the heliostat array controller targets 
the heliostats on to the receiver. The receiver then delivers all the steam it can, for the avail
able insolation, to the accumulator. The boiler and superheater will respond to resulting varia
tions at the turbine throttle in the same manner as in the nonsolar mode. 

• Solar-Intermittent Clouds Operation 
During periods of solar outage due to clouds, the receiver steam rate will decay with a result
ing drop in flow and pressure at the accumulator output. The control system will sense this 
and signal the boiler to increase its steam rate. When the cloud cover passes, the receiver 
steam rate will increase and the boiler will ,turn down. 

• Solar-Startup 
This traditional mode between nonsolar and solar operation begins by adjusting the fluid level 
in the receiver steam drum. The heliostat controller will steer the mirrors to a sun acquisition 
position for beam reflection onto the receiver. With increasing solar flux the receiver will start 
to produce steam. As drum pressure rises, the steam will. be supplied to the accumulator. 
The change in flow and pressure will be sensed and the boiler will be turned down accordingly. 

• Solar-Normal Shutdown 
This traditional mode between solar and nonsolar operation begins when the receiver drum 
pressure and steam flow fall toward a preset level and the outlet valve closes. Heliostats are 
steered to the stowage position and the water supply to the receiver is shutoff. The decrease 
in receiver flow and pressure will be sensed and cause a corresponding increase in boiler steam 
rate. 

• Solar-Emergency Shutdown 
In the event of a receiver alarm, .the receiver controller will automatically signal the heliostat 
controller to steer the mirrors off of the receiver. This reduces the incident radiant flux on 
the receiver and allows a normal shutdown procedure to occur while the cause for the alarm is 
diagnosed. 
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The master control subsystem shall provide three operator-selectable modes by which the solar 
cogeneration facility will be controlled in each of the operating modes described above. The three 
control modes are: 

• Automatic - no operator interaction required (normal operating mode). 

• Semiautomatic - operator interaction required at decision points. 

• Manual - operator interaction required at each step or sequence of steps. 

Under the non-solar normal operating scenario, both turbine follow and boiler follow mode options 
shall be furnished. When the system is operating under both fossil and solar, the control system 
shall provide a normal mode of fossil-follow (i.e., the fossil plant makes up the difference between 
the demand and the solar plant output). 

3.5.3 Design Criteria 
Reliability and availability shall be of paramount importance and shall be the overriding criteria for 
control system design. Of similar importance shall be the use of hardware and techniques that meet 
industry standards during the life of the cogeneration plant. The master control subsystem shall 
satisfy these criteria by the incorporation of the following: 

a. Design Reliability: Single-point failures shall be eliminated through the use of redundant ele
ments wherever criticality dictates. Control hardware and techniques shall be of a type which 
have proven its reliability in power plant control. 

b. Operational Reliability: Plant operational controls shall be separated from data acquisition 
controls so that each may function independently. The control system shall be sufficiently 
thorough so that in-plant operating and maintenance personnel shall have all knowledge and 
skill necessary to perform reasonably expected maintenance and operational procedures. The 
operator will have manual hard-wired control of his final control drives, independent of the 
automatic control system. The operator shall also have hard-wired indication of major plant 
parameters independent of the control system. Redundant computer programmed units for 
overall plant control are to be provided. 

c. Design Simplicity: The master control subsystem shall be sub-divided into control com
ponents, each to monitor and control a designated subsystem. The control strategy for each 
control component shall be of standard power plant practice. The interfaces between the 
individual control components shall be simple, functional, and well defined. 

d. Cost-Effective Design: Generically similar equipment shall be employed in each master con
trol system control component. Off-the-shelf equipment shall be selected wherever possible. 
All of the existing control units shall be utilized where applicable. 

3.6 FOSSIL ENE1lGY SUBSYSTEM 
The fossil energy subsystem shall be designed to enable startup and shutdown of the solar plant and 
to be capable of providing the difference between expected demand and the available solar output. 

3.6.1 Fossil Boiler 
The fossil boiler shall operate alone or in parallel with the receiver subsystem to supply steam to, the 
superheater. The fossil boiler shall produce steam to match as close as necessary, (1) the steam con
ditions at the inlet of the superheater and (2) the load demand on the unit. The fossil boiler shall 
not be detrimentally affected by the presence of the solar components under any steady state or tran
sient operating mode of the solar system. 
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The fossil boiler requirements are: 

• Max. flow rate: 

• Inlet condition: 

• Outlet condition: 

• Max. Rating: 

9.21 kg/s (73210 lbm/hr.) 

5.99 MPa/162 °C (870 psia/323.6 °F) 

5.51 MPa/270 °C (800 psia/518.4 °F) 

20.8 MW1 

• Minimum turn down: 5% 

• Minimum efficiency: 84% 

• Ramp rate: 5% to 100% power in 5 minutes 

3.6.2 Accumulator 
The accumulator is to provide sufficient energy to allow a ramp down of the solar output should solar 
insolation be interrupted. The storage ramp capability is to be consistent with the capability of the 
saturated boiler to ramp up to maintain steady overall plant output. 

The design utilizes the output from the solar receiver and from the saturated boiler (minimum turn 
down of 5%) as inputs to the accumulator. Accumulator output goes into the superheat boiler. 

The accumulator requirements are: 

• Max. Flow Rate: 9.69 kg/s (77060 lbm/hr.) 

• Pressure/Temperature: 5.51 MPa/270 °C (800 psia/518.4 °F) (outlet) 

• Max. Rating: 0.89 MWh1 

• Allowable Heat Loss: ½% steam quality change, maximum per day 

• Material - Low Alloy steel (per ASME Section VIII) 

3.6.3 Fossil Superheater 
The superheater receives its input from the accumulator in the form of slightly wet saturated steam. 
It heats this saturated steam to superheat conditions for the turbine inlet. 

The fossil superheater subsystem requirements are: 

• Max. Flow Rate: 

• Inlet Conditions: 

• Outlet Conditions: 

•.Max.Rating: 

9.69 kg/s (77060 lbm/hr) 

5.51 MPa/270 °C (800 psia/518.4 °F) 

5.17 MPa/482 °C (750 psia/900 °F) 

5.8 MW1 

• Minimum Efficiency: 84% 

• Ramp Rate: 5% to 100% power in 5 minutes 

3.7 ELECTRIC POWER GENERATING SUBSYSTEM (FPGS) 
The EPGS shall be capable of accepting flow from the superheat boiler. The EPGS is also to provide 
the necessary steam dumping facility to allow startup or shutdown of either the solar or fossil portion 
of the facility while the other is operating. 

The EPGS requirements are: 

• Turbine Inlet: 5.17 MPa/ 482 °C (750 psia/900 °F) Superheat 
Flow= 9.69 kg/s (77060 lbm/hr.) 
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• Turbine Extraction: 1. 10 MPa/325 °C (160 psia/617 °F) (Superheat) 
Flow= 8.19 kg/s (65120 lbm/hr.) 

• Turbine Exhaust: 17.94 kPa/60.5 °C (2.6 psia/141 °F) (Slight Superheat) 
Flow= 1.50 kg/s (11940 lbm/hr.) 

• Generator: 3.5 MWe, 4160V, 3 phase, .8 pf, 40 °CAmb. 
Weather Protected II Enclosure (ambient 
breathing) 

3.8 PROCESS HEAT SUBSYSTEM 
The process heat subsystem sleeted for the extraction cycle turbine is made up of two sets of 
condensing heat exchangers: 

Set # 1 - Two (2) 50% capacity units located at the turbine extraction 
Set #2 - Two (2) 100% capacity units located at the turbine exhaust 

These condensers have the following design operating requirements: 

HP Heat Exchangers: Rating 18.2 MWt 

Steam Side: Flow= 8.19 kg/s (65120 lbm/hr.) 

1.03 MPa/324 °C (150 psia/615.7 °F) 
Inlet (Superheat) 

Water Side: 

1.03 MPa/181 °C (150 psia/358.5 °F) 
Outlet (Saturated liquid) 

Flow = 0.063 m3/ s (992 gal/min.) 

2.07 MPa/109 °C (300 psia/228 °F) Inlet 

1.72 MPa/177 °C (250 psia/350 °F) Outlet 

LP Heat Exchangers: Rating 3.40 MWt 

Steam Side: Flow= 1.50 kg/s (11940 lbm/hr.) 

16.55 kPa/61 °C (2.4 psia/141 °F) 
Inlet (Slight Superheat) 

16.55 kPa/56 °C (2.4 psia/133 °F) 
Outlet (Saturated Liquid) 

Water Side: Flow= 0.032 m3/s (515 gal/min.) 

0.38 MPa/21 °C (55 psia/70 °F) Inlet 

34.5 kPa/46 °C (5 psia/115 °F) Outlet 

3.9 ELECTRICAL SUBSYSTEM 
The electrical subsystem shall provide for the selection of relays, potential transformers, current 
transformers, lightning arrestors, and breakers to be made after the determination of utility and solar 
facility interactive characteristics such as voltage dip, system stability, and fault currents which are 
sensitive to the specific utility system electrical characteristics. 

All equipment will be constructed according to the applicable ANSI and IEEE standards and the elec
trical subsystem will be designed to the appropriate electric code, OSHA and state standards. 
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The major components of the electrical subsystem are: 

• 13.8 KV class metalclad switchgear rated at 1200 amperes continuous and 18,000 amperes 
RMS. Switchgear shall have bus differential protection and four circuit breakers: incoming 
line, generator, 4375 KVA transformer and 1000 KVA transformer. 

• Generator transformer - step-up 4160 V to 12.5 KV, 4375 KVA, 3 P,hase, 60 Hz with 2 -
2½% taps above and below 12.5 KV. 

• Auxiliary transformer - step-down 12.5 KV to 480 volts, 1000 KVA, 3 phase, 60 Hz with 
2 - 2½% taps above and below 12.5 KV. 

• Distribution switchboard rated at 600 volts, 3000 amperes continuous, 50,000 amperes RMS. 

• Motor control centers with combination starter units, rated at 600 volts, 6000 amperes con
tinuous, 42,000 amperes RMS. 

3.10 FLUID CIRCULATION SUBSYSTEM 
This section lists all components that physically tie together the other subsystems. 

• Piping and Valves 

Piping and valves added as part of modifications to the existing facility shall meet the same 
design temperature and pressure criteria as a portion of the system to which they are being 
added. 

Piping and valves added as part of new subsystems shall have temperature and pressure rat
ings as follows: 

Pressure: 

Temperature: 

10% over maximum transient steady state 
operating pressure 

10 °C (50 °F) over the maximum transient 
or steady state operating temperature 

The maximum flow velocity in piping is to be as follows: 

Water - 6.1 mis (20 fps) Saturated Steam - 38.1 mis (125 fps) 
Steam/Water - 15.2 mis (50 fps) Superheated Steam - 61.0 mis (200 fps) 

The field piping connecting the receiver/tower with the main plant will consist of three standard wall 
thickness pipes made of ASTM A106 Gr. B carbon steel. The nominal sizes are given below: 

Pipe 
Diameter 
mm (in) 

Main Steam 152 (6) 

Feed water 76 (3) 

Warmup 76 (3) 

• Pumps 

Feedwater pump - 9.69 kg/s (77060 lbm/hr): Inlet 162 °C/0.69 MPa 
(323.6 °F/lOO psia) 
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• Deaerator - 9.69 kg/s (77060 lbm/hr.) at 165 °C/0.69 MPa (329.6 °F/100 psia) 

• Chemical Injection - (Feedwater Treatment) See water purity requirements in Section 3.4.3. 

3.11 SERVICE LIFE 
The system shall be designed for a 20 year service life with no major component replacement 
required. All prime movers shall meet the 20 year service life requirement with other auxiliary and 
support equipment being replaced as required. 

3.12 FACILITY AVAILABILITY AND RELIABILITY 
The solar cogeneration facility (exclusive of insolation conditions) shall be designed for availability 
and reliability at least equal to that exhibited by the existing fossil fuel plant before the retrofit. Con
sideration shall be given in the design to achieving high reliability by providing design and operating 
margins and utilizing sound engineering design practices. 

3.13 MAINTAINABILITY 
The solar cogeneration facility shall be designed to be compatible with existing plant maintainability 
characteristics and practices. Potential maintenance locations shall be easily reached and components 
such as electronic units, motors, drivers, etc., readily replaced. Elements subject to wear ano oam
age, such as supporting wheels, gears, etc. shall be easily serviced or replaced. The plant shall be 
capable of being services with a minimum of specialized equipment or tools. 

3.14 SAFETY REQUIREMENTS 

3.14.1 Plant Safety 
The solar cogeneration facility will be designed to meet industry codes and standards, as well as 
OSHA requirements. 

The main plant hazards are the effects of fire, explosion, lightning, wind storm, and equipment dam
age caused by unauthorized personnel and animal intrusion. 

Fire probability will be minimized by inherent good design. Steam leaks can be minimized by good 
design and inspection practice. Fire detectors and other fire safety equipment will be located in fire 
hazard areas. A field grounding grid to protect heliostats and grounding of all equipment will be 
included as part of the plant design to minimize the risk of lightning strikes. Heliostats will be 
rotated to their stow position to provide protection of the reflective surfaces in wind storms. A secu
rity fence on the outer perimeter surrounding the cogeneration facility site will inhibit intrusion of 
unauthorized personnel. 

3.14.2 Personnel Safety 
Standard power plant safety precautions are to be observed and safety equipment/clothing used to 
prevent injuries caused by personnel contacting hot surfaces or electrical equipment. 

3.15 ENVIRONMENTAL IMPACT REQUIREMENTS 
The environmental impact of the cogeneration facility occurs mainly in the areas of ground water 
contamination, water usage, air pollution, and site aesthetics. These concerns are addressed in the 
following paragraphs: 

• Ground Water 

The site will be contoured to channel the rainwater runoff from the heliostat field to a natural 
drainage. A nontoxic, biodegradable cleaning fluid will be used as a cleaning agent for the 
heliostat. 

• Water Usage 

The General Electric design minimizes the impact of water use due to its closed loop solar sys
tem approach. See Section 4.2.2. 
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• Air Pollution 

The only source of air pollution is the release of CO, CO2, an_d NOx from the fossil energy 
subsystem and the superheat boiler subsystem. These substances are expected to be released 
in concentration levels permitted by the applicable codes. See Section 4.2.1 
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4.0 ENVIRONMENT AL CRITERIA 

4.1 FACILITY ENVIRONMENTAL DESIGN REQUIREMENTS 

4.1.1 Operating 
The system shall be capable of operating in and surviving appropriate combinations of the following 
environments: 

a. Temperature: The plant shall be able to operate in the ambient air temperature range from 
-18 °C to 48.9 °C (0 to +120 °F). Performance requirements shall be met throughout an 
ambient air temperature range selected to be consistent with efficient plant operation. 

b. Wind: The plant shall be capable of operating given the following approximate wind profile 
as a function of height above ground level. (See Figure 4-1). Maximum operating wind 
speed shall be 16 m/s (35 mph) at a height of 10 m (30 ft). Performance requirements shall 
be met for the most adverse combination of wind and temperature conditions selected to be 
consistent with efficient plant operation. Wind analysis shall -satisfy the requirements of 
ANSI A58.1-1972. 
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Figure 4-1. Site Wind Profile 
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c. Earthquake: Peak ground accelerations shall be presented below per applicable UBC Zone 2. 
This peak ground acceleration is combined with the response spectrum given by NRC Reg. , 
Guide 1.60 and the damping values given for the operating bases earthquake in NRC Reg. 
Guide 1.61. ABS. Zone 2 values should be used for the baseline design. 

4.1.2 Survival 
The system shall be capable of surviving appropriate combinations of the ~nvironments specified 
below: 

a. Wind: The plant shall survive winds with a maximum speed, including gusts of 40 mis 
(90 mph), without damage. A local wind vector variation of ± 10 degrees from the horizon
tal shall be assumed for the survival condition. 

b. Wind Rise Rate: A maximum wind rise rate of .05 m/s2 (6.7 mph/min) shall be used in cal
culating wind loads_during stowage. However, the plant should withstand, without any catas
trophic failure, a maximum wind of 40 m/s (90 mph) from any direction, for any heliostat 
orientation, such as might result from unusually rapid wind rise rates, e.g., severe thunder
storm gusts. 

c. Dust Devils: Dust devils with wind speeds up to 40 mis (90 mph) shall be survived without 
damage to the plant. 

d. Snow: The plant shall survive a static snow load of 24.4 kg/m 2 (5 lb/ft2) and a snow deposi
tion rate of 12.7 cm (5 in.) in 24 hours. 

e. Rain: The plant shall survive the following rainfall condition: 

Average Annual 
Maximum 24-hr. rate 

310 mm (12.2 in) 
98 mm (3.9 in) 

f. Ice: The plant shall survive freezing rain and ice deposits in a layer 50.8 mm (2 in.) thick. 

g. Earthquake: Peak ground accelerations shall be per UBC Zone 2. This peak ground accelera
tion is combined with the response spectrum given by NRC Reg. Guide 1.60 and the damp
ing values given for the operating basis earthquake in NRC Reg. Guide 1.61. 

h. Hail: The plant shall survive hail impact up to the following limits: 

Diameter 
Specific Gravity 
Terminal Velocity 

Any Orientation 

25 .4 mm (1.0 in.) 
.8 

20.6 mis (40 mph) 

Stowed 

50.8 mm (2.0 in.) 
.8 

38.6 mis (75 mph) 

i. Sandstorm Environment: The plant shall survive after being exposed to blowing dust com
parable to the conditions described by Method 510 of MIL-STD-810C. 

4.1.3 Lightning Considerations 

a. Protection 

The plant shall be provided with a lightning protection system. The system shall meet the 
West Texas Utilities Lightning Protection and Grounding Specification. 

b. Direct Hit 

Total destruction of a single heliostat and its controller when subjected to a direct lightning 
strike is acceptable. 
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c. Adjacent Strike 

Damage to a heliostat adjacent to a direct lightning strike shoul9 be minimal. The central 
controller and the local controllers of heliostats adjacent to a direct lightning strike must be 
protected, or alternate control methods provided to minimize loss of collector subsystem con
trol. 

4.1.4 Special Environmental Considerations 
Heliostats shall withstand sustained winds (See Section 4.1.2) at the periphery of the heliostat field. 
If it is determined that wind loading on interior heliostats is significantly altered by peripheral helio
stats, this factor should be considered. 

4.2 ENVIRONMENT AL STANDARDS 

4.2.1 Air Quality Control Standards 
The first move in a new plant permitting process is to determh1e if the site is located in an area 
designated as "attainment" or "non-attainment." If it is "non-attainment" that means that it has 
been shown by monitoring that one of the pollutants (03, 0, N02, S0 2, particulates) has exceeded 

the National Ambient Air Quality Standards as shown in Table 4-1. 

Table 4-1 

NATIONAL AMBIENT AIR QUALITY STANDARDS 

Averaging Primary Secondary General 
Po.llutant Time Standard Standard Objectives 

Ozone 1 hr 240 µ.g/m 3 240 µ.g/m 3 To prevent eye irritation 
(0.12 ppm) (0.12 ppm) and possible impair-

ment of lung functions 
in persons with chronic 
pulmonary disease, and 
to prevent damage to 
vegetation. 

Carbon Monoxide 8 hr 10 mg/m3 10 mg/m3 To prevent interference 
(9 ppm) (9 ppm) with the capacity to 

transp..ort oxygen to the blood. 
1 hr 40 mg/m 3 40 mg/ml 

(35 ppm) (35 ppm) 

Nitrogen Dioxide Annual 100 µ.g/m 3 100 µ.g/m 3 To prevent possible 
a.-eragc {0.05 ppm) (0.05 rrm1 ri~k to public health 

and atmospheric 
discoloration. 

Sulfur Dioxide Annual 80 µ.g/m 3 - To prevent pulmonary 
average (0.03 ppm) irritation. 

24 hr 365 µ.g/m 3 -
(p.14 ppm) 

3 hr - 1300 µ.g/m 3 To prevent odor. 
(0.5 ppm) 

Suspended Annual 75µ.g/m 3 60 µ.g/m 3 To prevent health effects 
Particle geometric attributable to long 
Matter mean continued exposures. 

24 hr 260 µ.g/m 3 150 µ.g/m 3 

Hydrocarbons 3 hr 160 µ.g/m 3 160 µ.g/m 3 To reduce oxidant 
(corrected for (0.24 ppm) (0.24 ppm) formation. 
methane) 
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The United States Environmental Protection Agency has not been contacted concerning the Ft. 
Stockton area but it can logically be assumed that this is an almost pristine air condition and is cer
tainly within attainment levels. In this case a new installation would come under PSD (Prevention of 
Significant Deterioration) regulations which largely call for application of BACT (Best Available Con
trol Technology). The regulations require that BACT be demonstrated for each applicable pollutant 
if emissions of that pollutant are emitted in significant amounts. In the sele:ction of equipment or 
processes to meet BACT, consideration is given to control efficiency, economics, energy consump
tion, and proven commercial success and reliability. 

In the solar cogeneration facility, the only source of any of the above polutants is the fossil-fired 
boiler and superheater. These units, using natural gas as a fuel, will generate emissions at levels that 
are well within environmental limitations. 

4.2.2 Water Quality Standards 
The solar cogeneration facility shall not discharge any effluent that adversely affects water quality. 
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5.0 DESIGN DATA REQUIREMENTS 

Note: Section 5 is not a specification but is included as data input for review and evaluation of the 
design for compliance with the specification. However, it is controlled by issue and included 
as part of the System Specification for purposes of the conceptual design study. 

5.1 FACILITY CHARACTERISTICS AND PERFORMANCE DATA 

This section describes the technical characteristics of the solar cogeneration facility design and per
fomance. Characteristics are provided for each of the various subsystems and for the integrated 
plant. 

5.1.1 Collector Subsystem 

• Design 

Design Point - Vernal Equinox Noon 
Field Configuration - North 
Number of Heliostats - 588 

Collector Field Area - 1.42 x 105 m2 (35 acres) 
Heliostat Characteristics - per Section 3.3.3 

• Performance (Design Point) 

Design Insolation Level - 950 W /m2 

Receiver Incident Power - 21.3 MW t 

Peak Incident Flux - 0.685 MW /m2 
Field Efficiency - 75.9% 

Field Losses - 7 .1 MW t 

5.1.2 Receiver Subsystem 
Receiver 

• Design (See Table 5-1 for material list) 

Receiver Configuration - Natural Circulation, External Flat Plate, one layer parallel 
tubes, canted 20° to heliostat field 

Receiver Width (Active Panel) - 8 m (26.25 ft.) 

Receiver Height (Active Panel) - 6.8 m (22.25 ft.) 

Number of Paneis - 1 

Panel Construction - Welded (6.35 mm (.25 in) web between tubes) 

Flow Control - Natural Circulation 

Water Inlet Temperature - 162 °C (323.6 °F) 

Sat. Steam Outlet Temperature - 271.8 °C (521.2 °F) 

• Performance 

Receiver Efficiency - 93.0% 

Absorbed Energy - 19.8 MW t 

Flow Rate - 73210 lbs/hr. 
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Peak Flux - 0.685 MW /m2 
Peak Tube Temperature - 319 °C (606 °F) 

Tower 

• Design 

Height - 70 m (229.7 ft.) 
Construction - Steel girder structure 
Safety - per FAA requirements 

5.1.3 Master Control Subsystem (MCS) 
Distributed control loops, redundant 1/0 busses with MCS supervision, integration and data acquisi
tion. 

Table 5-1 

EXTERNAL RECEIVER MATERIAL LIST 

Item Quantity 

Tube 140 

Riser 17 

Feeder 8 

Header 1 

Header 1 

Drum 1 

Downcomer 4 

5.1.4 Fossil Energy Subsystem 

5.1.4.1 Fossil Boiler 

Material 

SA-210 

SA-106B 

SA-106B 

SA-106B 

SA-106B 

SA-515,70 

SA-106B 

Outside 
Diameter Thickness 

dm (in) mm (in) 

0.51 (2.0) 3.5 (0.14) 

1.14 (4.5) 6.0 (0.24) 

1.14 (4.5) 6.0 (0.24) 

1.55 (6.10) 12.7 (0.5) 

1.93 (7.60) 18.3 (0.72) 

9.73 (38.3) 78.7 (3.1) 

1.19 (4.70) 7.1 (0.28) 

Length 
m (ft) 

6.8 (22.3) 

5.7 (18.7) 

3.42 (11.2) 

8.4 (27.56) 

8.4 (27.56) 

4.25 (14.0) 

6.55 (21.3) 

It will be a package-type industrial boiler rated at approximately 605 kg/s (80,000 lb/hr) of 
5. 515 MPa (800 psia) saturated steam. The saturated boiler has a thermal rating of 20.4 MW, burns 
natural gas and has an operating efficiency of 84%. 

5.1.4.2 Fossil Superheater 
The natural gas fired superheater has radiant and convection heating sections. It can superheat 
9.71 kg/s (77,060 lb/hr), 5.51 MPa (800 psia) saturated steam to 482 °c (900 °F), accompanied by a 
0.345 MPa (50 psia) pressure drop. The superheater efficiency is 84%. Its thermal rating is 5.8 MW. 

5.1.4.3 Accumulator 
The saturated steam accumulator drum will be part of the superheater package and sized to provide 
5 minutes of turbine design throttle flow or 0.89 MWh thermal energy. 

5.1.5 Electric Power Generating Subsystem (EPGS) 
The EPGS consists of a superheat, uncontrolled extraction, condensing type turbine coupled by a 
gear reducer to a synchronous generator. Its characteristics are listed in Table 5-2. 
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Table 5-2 

EPGS CHARACTERISTICS 

Maximum rating: 

Generator rating: 

Generator voltage: 

3500 kW 

4375 kVA at 0.80 p.f. 

4160 V 

Stearn inlet: 5.175 MPa/482 °C (750 psia/900 °F) 

Extraction: 1.104 MP a (160 psia) uncontrolled 

Exhaust: 17940 Pa (2.6 psia) 

Throttle flow: 9.69 kg/s (77,060 lbs/hr) at rating 

Extraction flow: 8.19 kg/s (65,120 lb/hr) at rating 

Extraction Enthalpy: 1318 Btu/ lb at rating 

Exhaust Enthalpy: 1097 Btu/lb at rating 

Turbine Data: 8000 rpm 
8 stages 
electrohydraulic control system 
solid forged rotor 
multi (5) inlet control valves 
trip/throttle emergency inlet valve 
baseplate mounted 
integral lubrication system 

Reduction Gear Data: double helical tooth 
solid forge pinion 
flexible couplings 

Generator Data: salient pole design 
rotating brushless exciter 
solid state voltage regulator 

5.2 EXISTING PLANT DESCRIPTION 
The Comanche Creed Mine utilized the Frasch Process for rnmmg of sulfur. Well water is 
preheated, treated and superheater to 117 °C (350 °F) at 1.72 MPa (250 PSIA). This superheated 
water is tempered with 'hot treated water for close temperature control and distributed through insu
lated piping to a producing well. The tempered water flows into the well (700-900 foot depth) in the 
outer of three concentric pipes. Elemental sulfur is melted underground and collected in a pool into 
which the middle concentric pipe end is submerged. Compressed air is fed through the inner pipe to 
mix with the molten sulfur, aerating it in order to airlift it to the surface. The air is then removed 
from the liquid sulfur and the sulfur is piped to liquid or solid storage vats. 

This sulfur mine was designed and built in 1975. Major pieces of equipment in the Comanche Creed 
Plant include pumps, tanks, hot process softener vessels, and natural gas fired water heaters. The 
plant has a once through flow of water (100% makeup) which is obtained from approximately 20 
water wells located five miles from the site. In 1980, four tanks were added to allow use of Rustler 
water, a sulphide laden water with high hardness, which is more abundant than the original source of 
water. 
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Electrical energy for the Comanche Creek Plant currently is purchased from West Texas Utilities. 
This 2.87 MW average (3.0 MW peak) of electrical power drives the water well pumps, process water 
pumps, water heater blowers, and air compressors. 

The Comanche Creek Plant is designed to produce 4.0 million gallons per day of superheated water. 
During 1980 it produced approximately 3 .2 million gallons of superheated water and consumed 9 .6 x 
106 ft3 of natural gas and 2.8 MW of electrical power daily. Variance off design were due mainly to 
limitations in the supply of raw water and to reduced needs for superheated water as dictated by the 
sulphur production area. 

Figure 5-1 shows the process flow diagram for the Comanche Creek Sulfur mine at full load. 

5.3 FACILITY COST DATA 

5.3.1 Owner's Cost 
The owner's costs include those Texasgulf expenses related to the construction project. For this 
cogeneration program the following costs have been estimated: 

Environmental Permits 
Managerial 
Engineering Consultation 
Construction Management 
Accounting 
Startup Costs 

Total Owner's Cost 

5,000 
3,500 

30,000 
80,000 
4,000 

26,000 

$148,500 

Cost of money has not been shown here since it is included in the economic analysis. 

5.3.2 Construction Cost Estimate 
The capital cost of the solar cogeneration facility was estimated based on DOE guidelines as con
tained in Table 5-3, 5-4 and 5-5. Notes and qualifications are given in Table 5-6. On completion of 
the estimate, the data were placed in the format shown in Tables 5-7 and 5-8. 

5.3.3 Operating and Maintenance Costs 
The operating and maintenance cost estimate for the first year of operation at the Comanche Creek 
solar cogeneration facility is shown in Table 5-9. Table 5-10 gives the cost breakdown for each cost 
account. 
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Table 5-3 

BASIS FOR CONSTRUCTION COST ESTIMATE 

1. Structure of construction costs estimate will be: 

a. Construction cost codes (Table 5-4) 

b. Construction cost accounts, A through W (Table 5-7) 

c. Construction cost backup sheets (Table 5-8) , 

2. A/E performs as an engineer and constructor and is the Prime Contractor responsible for: 

• Plant Design 

• Quality Control 

• Construction 

• Subcontracting Construction 

• Major Equipment Procurement 

• Construction Management 

3. Labor wages rates = base wage rate at job location (1980). 

4. Labor man-hours according to U.S. Gulf Coast (Houston). 

5. Adjustments for labor productivity from U.S. Gulf Coast to job location to be included in pro-
ductivity (Acct. U). 

6. Material priced .to job location, 1980. 

7. Field Indirects and Engineering will be according to Table 5-5. 

8. The following two items are not to be included in construction costs: 

a. Sales Tax 

b. Cost of Money, AFDC (Allowance for Funds During Construction) 
> 

9. Design contingency not be be included in total for construction cost. 

10. Any unique equipment not built at the construction site is to be treated as if it were for this cost 
estimate. Cost estimates are to follow the format outlined in this table as well as in Tables 5-4 
through 5-8. 
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Table 5-4 

CONSTRUCTION COST ACCOUNT CODES 

5000 Facility Cost 

5100 Site Improvements 

NOTE: Required land for Project to be provided by owner 

5200 Site Facilities 

5210 Buildings 
5220 Security 

5300 Collector Subsystem 

5400 Receiver Subsystem 

5410 Receiver 
5420 Tower 
5430 Up/Down Piping 

5500 Master Control Subsystem 

5510 Master Control 
5520 Controls and Instrumentation 

5600 Fossil Energy Subsystem 

5610 Saturated Boiler 

5620 Superheater and Accumulator 

5800 Electric Power Generating Subsystem 

5900 Other Subsystems 

5910 Process Heat Subsystem 

5920 Electrical Subsystem 

5930 Fluid Circulation Subsystem 

Table 5-5 

INDIRECT COSTS 

Account 

L Temporary Construction Facilities: 

Includes: Temporary buildings, sheds, trailers, work areas, 
bays, roads, walks, parking, signs, railroads, unloading docks, 
utilities, personnel protection, camps, cleaning services, 
maintenance services, utility bills, and site maintenance 
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Table 5-5 (Cont'd.) 

Account 

M Construction Services, Supplies, and Expenses 

Services: 

N 

p 

Includes cleanup, nonproductive time, medical examinations, 
doctors' fees, move on and off, and construction equipment 
maintenance and servicing 

Supplies: 

Includes welding rods, oxygen, acetylene, rags, and other 
consumables 

Field Office Supplies: 

Includes office machines, telephone, telegraph, postage, 
computer rental, stationery, furniture 

Field Staff, Subsistence, and Expenses 

Field Staff: 

Includes superintendents, field engineers, cost engineers, 
field administrators, warehouseman, purchaser, nurse, safety 
engineer, timekeeper, accountant, clerks, QI A control, 
watchmen, and security service personnel 

Field Staff Subsistence: 

Includes travel, subsistence, transportation, and relocation 
for field staff 

Field Staff Burdens: 

Includes vacation, sick leave, and holiday ·allowance 

Field Craft Benefits, Payroll Burdens, and Insurance 

Field Craft Benefits: 

Includes required contributions to funds for vacation, welfare, 
education, apprentice, retirement, holidays, etc. 

Field Craft Travel, Transportation, or Subsistence: 

Payroll Burdens for Field Craft and Field Staff: 

Includes social security, workman's compensation, comprehensive 
PL & PD, state unemployment insurance, federal unemployment 
insurance 

Insurance: 

Includes builder's risk, performance bonds and marine 
insurance 
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Account 

Q 

R 

s 

T 

u 

V 

w 

Table 5-5 (Cont'd.) 

Equipment Rental 

Construction Equipment Rental 

Special Equipment Rental 

Small Tools 

Note: Special rigging equipment included in the Direct Field Accounts 

Engineering 

Plant Engineering: 

· Prime Contractor to design plant, subcontract construction, 
and start up plant 

R&D: 

For anticipated research and development required to design and 
produce special equipment which is not currently manufactured 

Equipment Procurement by Prime Contractor 

Construction Management by Prime Contractor 

Labor Productivity 

Includes adjustment for the difference in labor efficiency between 
Houston and the job site 

Contingency 

Construction Cost Contingency: 

Represents normal construction uncertainties in an estimate which 
is based on a given design 

Design Contingency: 
An allowance for possible design alternatives; used for project 
budgetary input 

Prime Contractor's Fee 

Material Markups 

Fee on Labor and Indirects 

Fee on Subcontracted Work 

Excludes Design Contingency 
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GENERAL 1. ELECTRIC 

Civil 

1. 

2. 

3. 

4. 

5. 

6. 

Table 5-6 

NOTES AND QUALIFICATIONS FOR CONSTRUCTION COST ESTIMATE 

Basic minimal site preparation has been provided in the heliostat field. This minimal prepara
tion assumes no aboveground or underground obstructions and a basically level site 

We have assumed that excavated material can be dumped within 1.6 km (1 mi) of construc
tion site 

Costs to expand control building have been included 

Any modifications required for the existing administration, maintenance, or storage buildings 
have been excluded 

A perimeter fence with truck and personnel gates on the south side of the heliostat field has 
been included 

Pipe support sleepers have been expanded or added where required 

7. Costs for tower elevator have been included. 

Electrical 

1. Area lighting has been provided 

2 .. Maintenance lighting has been provided 

3. Underground grounding grid has been provided 

4. Aircraft warning lights for solar receiver tower have been included 

5. Lightning protection for solar receiver tower has been included 

General 

1. Pricing is on a current-day basis for labor and material, assuming instant execution (i.e., all 
costs end of year, 1980). 

2. Forward escalation is excluded 

3. Cost of land is excluded 

4. Sales and use taxes are excluded 

5. Permits and licenses are assumed by others 

6. Heliostat cost, installation, and other interfaces for instruments, piping, electricals, etc., are 

included 

7. All costs are through mechanical completion 

8. Start-up costs are excluded 

9. Heliostat costs are the DOE recommended value of $260/m2, installed 
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GENERAL. ELECTRIC Table 5-7 

CONSTRUCTION COST ESTIMATE 
CL.IENT _____________ _ 

LOCATION _____________ _ 

Texasgulf Solar 
l"ROJECT Cogeneration Program 

DESCRIPTION _________ _ 

CONT.NO. _______ _ 

MADE SY ______ _ 

APPROVED ______ _ 

A.JC MAN ESTIMATED COST 
NO. ITEM & DESCRIPTION HOURS U.80R SUBCONTRACTS l,U,TERIALS TOTA.LS 

A Eac..,.tton & Civil 

s Cor,aett 
C Srructur11 StHI 

0 S..,ildll"9l 

E Macniroery & EQ111c:>men1 

F Pic:>ing 

G E.-ctrical ·, 

H lnrtn,....,,u 

J Pa,nunp 
,:: lnwutt1c:>n 

DIRECT FIEL.D COSTS 

L Temp0r1rv Connrvc:tion Fi,cilit,es 

M CorutruC110n SerwioH, Suoolie1 & Eapenae 
N· F •-'d S11tf. S..,OS,uenc:e & Exoen,e 
p Crah Benefits. Payroll Burden, & lnsu,.,,CM 

0 Eou,oment Rental 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R En91neerin9 

De119n & Eng1Merin9 

Home Oi f icr Cons 

R&D 

s Major Eciui~nt PTocura~t . 
T Construction M.na911men1 

TOTAL OFFICE COSTS 

TOTAL FIELD & OFFICE COSTS 

u Labor Produaiwitv 

II Continca~v 

w Fee 

TOTAL CONSTRUCTION COST 

DATE ______ _ 
REVISION NO, -------

REVISION OATE _____ _ PAGE NO.------
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-

CLIENT 
LOCATION ______________ _ 

PROJECT Texasgulf Sol<1r Cogeucration Program 
-==== 

A/C 
NO, ITEM lo DESCnlPTION QUAN. UNIT 

--- --
---- ,-

------

---
---
----
.... 
----

,_ ---

--

_ .. 

Table 5-8 

CONSTRUCTION COSTS 

- -
MANIIOURS COST/UNIT 

PEA SUR --r-c 
UNll ~~. AATI! LABOR co,..,n. MAT'l. - -------
--- --- -

~- --
-- ----- ------

='= -- ------
f--

-1--
----

---
-----

-----
-- ---
-- ----

-- ----
--i-- ------

- --

----

~ 1~ ---

~-1- --- ---· ·---· 
--•--• _L__, 
--·l-1 .. 

BV CIIKO -· .. , __ APVD ~- "' ..... 
COSTS I I 

S11D 
LABOR CONJnACT M.\TERIAL TOTAL -

-

DATE __________ REVISION NO. ________ REVISION OATE _______ PAOE NO. ___ o, __ _ 

REVISION NO, ________ REVISION OATE ______ _ 

- - - - - - - - - - - - - - - - -

C, 
ffl 

z 
ffl 
:Ill 
> 
r-• ffl 
r
ffl 
n 
-4 
:Ill 
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CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ 

LOCATION ____________ _ 

Texasgulf Solar 
l"l'IOJECT Cogeneration Program 

AIC 
NO. ITEM Ii DESCl'll"'ION 

A Eacavation Ii Civil 

I Cono-•n 
C Structur• I St•I 

0 luild1"91 

E M•d'linerv • EQuipnwnt 

F P,Qina 

G Electrical ' 
H ln1trumenu 

J Pl,in11na 

K lnow1•11on 

DIRECT FIELD COSTS 

L. T•"'POr••v Connruc:rion Facilities 

M Consauc:rion S.vicas, Supplies 6 E-

N Field Sr• ff, Suot,11enca &, E-• 
p Cr•h Bltflefiu, Payroll Burden, 6 lnsur• IICll'I 

0 Eau,pmen1 Rental 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R £nvinNring 

~11gn a, Ent,,....ing 

Horne Office Con, 

R60 

s Major EQuipnwnr Procurement 

T Connruc:rion M•n•ment 

TOTAL OFFICE COSTS 

TOTAL FIELD 6 OFFICE COSTS 

u L.atior ProducrivitV 

V Contin1191'1C'( 

w F• 

TOTAL. CONSTFIUCTION COST 

DESCRll"TION __ S_I_O_O ___ _ 

CONT. NO. ______ _ 

M.ADEBY ______ _ 

Ai-ttl'loveo ______ _ 

MAN ESTIMA TEO COST 
HOURS LABOR SUBCONTRACTS MATERIALS TOTALS 

ts.no /'10 '1'10 .S7 33S '"~- ozs 3'11./30 

IS l'IO /'10. '170 s-, 3~5 /¥$, 025 ~"1/.JAO 

1ze oao ZR'-~ l'.10 9.,~ 
2"161 8.50 '-0. zoo .SO2.07!C 

70, 2.90 

~.,.,. _IIL.r 

/2 2. "770 

<.95, l3S 

DATE _____ _ 
REVISION NO. ------ REVISION DATE------ PAGE NO.------
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CLIENT CONSTRUCTION COSTS 
LOCATION ______________ _ 

PROJECT Texasgulf Solar Cogeneration Program ev CUKO _ ... , ...... APVO ~- --· 
MANIIOURS COST/UNIT COSTS' I 

A/C 

i::1.- TTOTAL! RATE 
NO. ITEM lo DESCRIPTION OUAN. UNIT SUB SUB 

LABOR CONTR. MAT'l. LABOR CONJRACT MATERIAL TOTAL 

5100 S1TE t:-..iPRO\/EMEIIT !. 

,ao j ,,_,~ 
- --

A C&.E'9i A"1t> G-lil"8 "'' Jtc. __},.!_ l l/7S l.'/'16-----
RoVG14 G-ll .. OE 171,S"' $V ~- ,,,. -- ZZ S'IS U,5'/5 
Sc,1«1F"f ANb co ... M~T SOil 1110 l'JC/ $'( .011.__ J.0&/0 ~IS 23 11$ -- ------
S v-F,tcE TRE,tT111tEIIIT 110,11'1 $'( .os_ ,s,o ,,,,, &/2 O 11/ '100 I 11.120 

,---- CifTCH S»A$1NS ,,,.,0 -- t.2'10 ('OI.C.fcTOlt P1PE ,1to 91'-S llo. ooS -
RO,'lb\lJOll~ 590 ,,c.as .57.335' .,,. 900 /10, 910 ---De,t,~lffE "'D,tcHEs. 950 /0 71,5 ,s.,as ZS 9SO 

TOT/II. If /fflf l.5.110 170,770 51 S3S /113.025 371 ,~o 

--
-------

---- ---

--
,_ ~., 

-· 
--

- - _I 
1--1-· --

--- -t--~-,--- ---- --~---- -
--•--· 

--- _L_j 
--1-1--

DATE __________ REVISION NO. --------- REVISION DATE _______ rAOE NO. ___ Of __ _ 

REVISION NO. ________ _ REVISION DATE ______ _ 

G) 

"' z 
"' ::D ,.. 
,-• "' ,-

'" n 
-1 
:::D 

n 

-------------------
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT-------------

LOCATION ____________ _ 

Texasgulf Solar 
P'ROJECT Cogeneration Program 

AJC 
NO. ITEM A DESCRll'TION 

A e .. :a,..tion A Ciwil 

• Conc:rfte 

C Srructural StNI 

D 8u.ild•"91 

E Mad'linery • EQuipmant 

F Pipino 

G Electrical ' 
H lnstru,,,..,ts 

J ,_intina 

K lnM1iation 

DIRECT FIELD COSTS 

L Temporary Connruction F11Cili11es 

M ConsU'uc:uon Servic:e1, Supp1;., a E-

N Field Staff. S.-11enc:a 6 Exoan• 
p Cr ah Benet iu. Payroll Burdens • I nsu• anc:es 

a Eou,pment Flenull 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R Enginnring 

Oe11gn 6 Ent1neerin9 

Home Otfice Com 

R•D 

s Major Eouipment P'rocu,.,,,..,t 

T Conatruc:tion Man•91,,,..,t 

TOTAL OFFICE COSTS 

TOTAL FIELD 6 OFFICE COSTS 

u ubOr Produc:liwitv 

V Contintanc:v 

w FN 

TOTAL CONSTRUCTION COST 

DESCRll'TION __ s_z_o_o ___ _ 

SITE CONT. NO. ______ _ 

MADE BY ______ _ 

APP'flioveo ______ _ 

MAN ESTIMATED COST 
HOURS LABOR SUBCONTRACTS MATERIALS TOTALS 

l.o G.8.!. 7 'Z /1,0 72. 81/S 
I II J,S 1&1. o~o 3S. 3 CIO ll'l 1.4 00 

10"10 ,2. ~,s C, Co '/So 78. 71-~ 

C. ":s 1, I ZS /ZS, &-t.S JO ISS lt(B,JI/S 
l800 20.,,s "2.Yf.,31/0 'Z. C,'1. ZS!;. 

""~ S 000 a- I 7S /3 I 7S 

8520 ,,. './ 70 'II S'10 ,~, 010 

120 ,~as z~o I SI/S 

I 11./2~ / S2 19S /9fl. 02.5' "OIJ,Z20 7.!'!.'f 
'" 0 

""·'-'10 'i, 'IOS' I Z'l.~7S 

z. ,., $C. c:. 2 01 ,~o I/Oil UO R&3. '7/ S 

J 2 !,. '120 

I 00'7. 4.,,._,:: 

/ 90 f'I!; 

I, 19'1~ "80 

DATE _____ _ 
REVISION NO. ------- REVISION DAT!------ PAGE NO.------
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ DESCRIPTION __ &_Z ___ /_0 ___ _ 

LOCATION ____________ _ 

PROJECT 

Texasgulf Solar 
Cogeneration Program 

A/C 
ITEM • DESCRIP'T'ION NO. 

A Eac:a,..tion • Civil 

I Concr"e 
C Structural S1•1 

0 8uildi"91 

E Mad>ine,y • EQUIP ... "' 
F ,.ipin9 

G Eiectr1c:al 
H ln1tru...,.t1 

J ,.,nttna 

K 1n..,1111ion 

DIRECT FIELD COSTS 

L Tam00t••v Connrucrion Facilitlfl 
... Con,vuction Servict1, SuPPl•1 6 E.xpeftU 

N Field Staff, SU01111en01 6 E-n• .. C,•h Benefiu, Pavroll 8.,d,.,,, • IMur.,,cn 

0 Eou,pment Reni.J 

INDIRECT FIELD COSTS 

TOTAL l=IELD COSTS 

R EnginHrinv 

Oe11gn • EnvinHring 

Home Office Com 

R&O 

s Major EQuipnwn1 l'rocunnwn 

T Construction Mana .. ...,., 

TOTAL OFFICE COSTS 

TOTAL FIELD 6 OFFICE COSTS 

u Labor ProduCfivity 

V Contingancv 

.,,, Fft 

TOTAL CONSTRUCTION COST 

MAN 
HOURS 

t-o 
IZ85 
/070 

G.11& 
G.oo 
1/1/_-: 

21/00 

Ito 

G.C.ZS' 

DATE ______ _ 
REVISION NO. ------

CONT. NO. ______ _ 

MADE BY ______ _ 

Aionlov0ED ______ _ 

ESTIMA TEO COST 

L.4BOR SUBCONTRACTS MATERIALS TOTALS 

,a.s ,as 
/2,Bl/o 3/ aos 4/a I. 'IS 
IZ,SIS '-'-• t/So 7 8, 7 '-S 
7., 2~ /2 S. 11.S 10. ,ss / "~ /115 
C. f 70 IO'/, ,1/o ,,,.,,o 
5 000 lt,/75 /S l7S 

2S, zoo /!,, $90 39 7B 0 

, !I is 11.0 I Sc/~ 

70. oc.n I Z.S, flC.S 23¥,SZS 'f!I. !.SO 

si. z.to r.. tit$ .S9. !!I.I !If. 

/ 'Z I/. JflO /32. lt.o 'Z3Y.5ZS -,yO 11.r 

REVISION 0Aff ------ "AGE NO,------
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CLIENT CONSTRUCTION COSTS 
LOCATION ______________ _ 

PROJECT Texasgulf Solar Cogeneration Program ev CUKO _ .... ,_. APVO ,. ... __ 
--

MANUOURS COST/UNIT COSTS I I 
A/C 3---c NO. ITEM I, DESCRIPTION QUAN. UNIT A SUB S118 

UNIT TOTAi.i RATI! LABOR CONTR. MAT'l. LABOR CONlnACT MATERIAi. TOTAL 

5Zk, 6 "IL, l)t., (r $ ---1= ~--· 
7/G Su.i/41u - ----

A Et.Cll'!/11/TIOIJ ; 81lcli.F1LL Z'JO tt -- - so -- ·---- 510 570 
8 Cof\JCllCiT~ IIS C'( ,oos '• ,o~ ts zos 32. 8 /0 
~ STR\JC tv« .. L $'tEfiL 18,., TII --- [5!_10 -- 12,3/!S 

""' 'ISO 
1 e., c.s 

D RooF11JG- I s,z:,,tJfi. C,o3S SF s.oo 10 11,S So, / C.S' 
HV1'#C ---- --- 10, ooo I 0, 000 
"4ISC, AltC.H ITECTVIHIL '12o II.OS 

'I "" 0 
s-.oo 0 7,850 C.8, 1/90 

E CIUIIIE I ~Ill& t.oo 11.'1 c.,,10 I ol/.1.~o Ill, ,10 
F p1,vM6 ING- ~ ,,. 27 "· ooo f.~l/0 I 0, St/0 
G E~&c.T"RIUh /ZOO /0.SO It. t.oo 3 7SG , ,., 3 55 

S,,.f,,fofo/ TIG s,, ... '1100 --- -- so 700 f '-1 I §!S' Z/2 1/i,/O 3S9. 30&' 

--
(.0"'11r0L lfOOllf ErTEtJSIO~ 

-- -----
II E l(Cl411IITI ON ( S1tc1t. F/U 50 C"{ _ _!!!_ -- ----- ,,s /IS 

......L C:ONCi'lETE c.o CY 280 i,us R 100 10 93$ 

- D Pll~ F/98 MET14t. l!,t.DG II/. 100 II./, 700 

•a•• 
l·l'tl111c. - -- 1S1 ooo ,s,ooo 

-· ~1sc. If/lei-/. 22S //.OS Z,¥6 .. 2305 'I. 7'10 
,: fJ&.VM61PJ(; 9o 11.21 I, o o o l"13S Z, C.3S 

=-(T Ec..tEcrtt,~l'I, 1200 10.so 1-z,,oo 1. sas 22, I/ZS 
:r Plf1ri1Tlltlf /ZO I,, ts 2. ao I, 61/5 

S11.l,lol.l Co,.#. fl ... E,,. ,,2s ZO Z(.o zc,, '100 22, 0SS' 1Z,ol/S 

-~-1-· --
---

-i-1- --- ----· ------- --__ ,:... __ , __ -----
--- L-1-

--1--1--
DATE __________ REVISION NO. ________ _ REVISIONDATE _______ PAOl!NO. ___ of __ _ 

REVISION NO. _______ _ Rl!VISION DATI! ______ _ 

C, 

"' z .., 
:a ,.. .... • .., 
r-

"' n 
-4 
:a 
n 



GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

Cl.lENT ____________ _ 

LOCATION ____________ _ 

Texasgulf Solar 
l"AOJECT Cogeneration Program 

AJC 
NO. ITEM Ii OESCFIIPT10N 

A Eaca,..1ion Ii Civil 

• Conowte 

C Strue1ura1 Stnl 

D Buildinp 

E M.c:hinerv Ii Eouo-n1 

F l'iping 

G Electrical 

H tn11ru.....,u 

J Pain11ng 

K lnwlat•on 

OIFIECT FIEI.O COSTS 

L Tempararv Connruction F•cililln 

M Construction S.,vic:e1, SuOPlift & E-

N Field Staff, S..0..11enc• a, Eaoen• 
fl' Craft Benefiu, P.v,oll 8..-den, a, lnturanc:eo 

0 Eou,pment Renu,I 

INDIRECT FIELD COSTS 

TOTAL FIEl.0 COSTS 

R Enginnring 

0.119n a, E"9•nearing 

Home Office Cons 
Fl a, D 

s Ma;o, Equipment l'rocurenwnt 

T Construction M.n.,...,t 

TOT AL OFFICE COSTS 

TOTAL FIEI.D a, OFFICE COSTS 

u Labor ProducrivifV 

V Conlina•nev 

w FN 

TOTAL CONSTRUCTION COST 

OESCRtmON ___ 5"""""'2_%_0;._ __ _ 

sec,Jtl.lTY CONT. NO. ______ _ 

MAO~av ______ _ 

AmOVEO ______ _ 

MAN ESTIMA TEO COST 
HOURS LA80FI SUBCONTRACTS MATERIALS TOTALS 

72 ,c.o 72~ lt.o 
/Ao 17,n l(OJS S '15S 

/200 l'A. 91/!1 
'"'· '100 

ISSI.I/$ 

&.120 " .. no Z7. fl,o 91/ Z30 

"1500 A.I. 9.15' 7'2 1t..o 11'3. L •~ .t.Z"T '79n 

w/ At::aO 5.t.10 t.~ 01.a 

I 'f~ 385 75 '7'70 l"13. t. 9S S'l2 R,S'O 

DATE _____ _ 
IIIEVISION NO. ------ REVISION OATE ------ PAGE NO.------
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~ 
\C) 

CLIENT ______________ _ CONSTRUCTION COSTS 
LOCATION _______________ _ 

. ··----· Texasgulf Solar Cogeneration Program BY CIIKD _ ... , ..... APVO ......... 
MANIIOURS COST/UNIT COSTS I I 

A/C ~---c NO. ITEM lo DESCRIPTION OUAN. UNIT n sue S118 

UNIT TOTAL! RATE LABOR CONTR. MAT'l, LABOR CONTnACT MATERIAL TOTAL 

suo SEc\lll IT'I --,-=t= A FEJJ<f: 72 /1.o n.11, o 

8 COIIIC1261'f; 20 C 'I _LlQ__ -- /720 JI03S S 7SS 

E E&,JI ,,.,,ErJT -- J2oo -- /3 91/S 
'"'· 700 

ISS,(,,c/S 

_L Llt.ld•i1t! t,SO ",su· 8 BAS IS, 71 0 

Co..,.., ... ;r. .11 o"-' - /20 --- ,. 21.0 Z,7t.S 3. ,s~ 
6,-0N• ,Ii NA __ ,._ SJSO S8 18S If., a,:o 7'1, s~s .. 

--,_ 
s .. ~lohl Seu.,.;f" 7Se>o 81. '13S ,2. lloo /'7! t..9S '!111. ,qo . 

--

--- --, __ 
--
.. ~ . 
-·· 
--· ---

-
--I- ~- 1-· -

. 1-1--- ---· --•--•' -
1--•--

-· -'--1-
·--- --1-1-

OAJE __________ REVISION NO. _________ REVISION OATE _______ PAOE NO. ___ of __ _ 

REVISION NO. _______ _ REVISION DATE ______ _ 
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT--------------

LOCATION ____________ _ 

Texasgulf Solar 
HIO.IECT Cogeneration Program 

A/C 
NO. ITEM • CESCRIP'TION 

" e.ca .. 1ion • Civil 

• Concr•tt 
C Srrue1 .. a1 S1•1 

D luildift91 

E Macninerv • Equio,..n1 

F ,,oina 

G Electrical ' 
H ln1trulTWftll 

J l'a1n11n11 

IC 1n ... 1a11on 

DIRECT FIELD COSTS 

L Tempc,,arv Con1trUC110n Ftcih1191 

"' Connrucrion Servica1. Suooli91 • E-
N Fi .. d Slaff, Sublmenca • E109n• 
p Craft 8enefi11, Payroll Burden• • lnouranc:m 

0 EQu,o,,,.nt Renu,I 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R Eng,n..,ing 

De119n • E"91ftffl'in9 

Ho,,,. Olfica Cons 

Ra, 0 

s Ma,or Equionwnt Procun,ment 

T Conurucuon Man•99ITWftt l G& 
TOTAL OFFICE COSTS 

TOTAL FIELD a, OFFICE COSTS 

u LAl:lor Produc:tivitv 

V Continmncv 

w "" 
TOTAL CONSTRUCTION COST 

DESCRlmON __ S __ 3;;;....o_o ___ _ 

CoLLECTO~ CONT. NO. ______ _ 

MADE BY ______ _ 

Arl"Flov·Eo ______ _ 

MAN ESTIMATED COST 
HOURS LABOR SUBCONTRACTS MATERIALS TOTALS 

2'1S ooo 

8 or-7 '178 

l:STl-,lf" EJ /31/ 000 
e lf~lo '17B 

el/'l(. I.J7B 

8 1/1/1:, 'l'fB 

DATE _____ _ 
REVISION NO. ------ REVISION DATI! ------- PAGE NO.------
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-------------------
CLIENT ---------------

CONSTRUCTION COSTS 
LOCATION _____________ _ 

lf Solar C tion Program 
........... v. g "' I "'''"' .... .... --· BV CHKD APVD 

MANHOURS COST/UNIT COSTS I I 

A/C 
PEA I I NO. ITEM a. DESCRIPTION QUAN. UNIT SUB SUB 

UNIT TOTAL RATE LABOR CONTR. MATL, LABOR CONTRACT MATERIAL TOTAL 

;300 $__. C'OLLEcTOlt $116S"(~ l"E"1 

s SSA J/t!LIOSrllrs. 80li 7" rB l O(. 71/ 78 
lfRSII = SI.. '1'1 - & 

--
C4l•.t,o /,tt'& 

A E ,.,,,11ee11 '"' 6 ( F.,,,; E$T l1&11tri ) % ',IS r,oo 

> I 
v-. -

-
---
-... 
--
-.. 

I 

I I · 
-l-----1-1-----·· --------1--•--

- I I 
- ---1-1 --

DATE __________ REVISION NO. ________ REVISIONOATE _______ PAOENO. ___ Qf __ _ 

REVISION NO. _______ _ REVISION DATE ______ _ 

G) 

'" z 
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GENERAL f/j ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ DESCRtmON ___ s_l/_o_o __ _ 

LOCATION ____________ _ 

Texasgulf Solar 
""0.IECT Cogeneration Program 

AJC 
ITEM a, DESCFll"ION NO. 

A e.ca ... tion 6 c:;..,;1 

• Concrete 
C Structural StNI 

D 8uildincn 

E Mac:ni...,y 6 Equionwm 

F Pipi119 

G Etewical ' 
H lnttru....,11 

J l'l,1nt1n11 

IC ln1Ulat1on 

DIRECT FIELD COSTS 

L Tempc,rarv Connruction Facilities 

M Con1truction S.vice1, Sugplie1 a, E-• 

N Field Staff. Subst11enca a. EJ1Den• 
p Craft Benefiu, Payroll Burden, a, lnsuran-

a EQu,onwnt Rental 

INOIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R Eng,n"rinv 
Oe11gn a. Env1neerin9 

Home Off ice Cotti 

R&D 

s Major Equionwnt Procurenwnt 

T Construction Mana99rrwn1 

TOT AL OFFICE COSTS 

TOTAL FIELD & OFFICE COSTS 

u LabOr Producrivity 

V Con1in99ncv 

"' FN 

TOTAL CONSTFIUCTION COST 

MAN 
HOURS 

4/50 
IS'OO 
C.ISO 

12 ooo 
Z. Svo 
I l'#S 

'Z~?'IS 

DATE ______ _ 
REVISION NO, ------

CONT. NO. ______ _ 

MADE BY ______ _ 

APt"AOVED ______ _ 

ESTIMATED COST 

V.80FI SUBCONTRACTS MATERIALS TOTAl.S 

S09S S09S 
I V. 111/0 ~ Z "" 0 

f/t. 1 ruo 
"70 78S -,,t. 900 7 8 7 t.fJS 

/'!,9. &/&10 125'. ooo U,¥, 'l'IO 
i,g, sso ''"· zso I r--1, c.oo 
l'Z,03S s . .,,o 17 sos 

i.,o ,.,~ /2.S 000 ~Cf I OctQ I UB, U,5 

.:o, ti.a C.tS' 20 ARS 

Z.'lo, '/OS 1zs r.zs 5'1/ o,o I ~0'1. lt.0 

I B!t ooo 

l Jo? /1.o 

Z 'I Y7 ZSO 

z-70. t&,o 

3,or.a, 110 

REVISION DATE------
.. AGE NO. _____ _ 
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GENERAL. ELECTRIC 

CLIENT Texas Gulf, Inc. 

CONSTRUCTION COST ESTIMATE 

DESCRIPTION G.E. Solar 
Cogeneration Facility 

LOCATION Fort Stockton, Tx. 5410 - Receiver 

PROJECT Comanche Creek 

A/C Man 
No. Item & Description Hours Labor 

A Excavation & C1v11 
B Concrete 
C Structural Steel 
D Buildings 
E Machinery & tquipment 12,000 139,440 
F Pipinq 
G Electrical 
H Instruments 
J Painting 
K Insulation 

DIRECT FIELD cu~TS 12,0UU lJ~,440 

L Temporary Construction Faci Jities 
M Const. Serv., Supplies & Expense 
N Field Staff, Subsistence & Expense 
p Craft Benefits, Payroll Burden & Ins 
Q Equipment Rental 

INDIRECT FIELD COSTS lo'l,SSo 

TOTAL FIELD COSTS 1'11/,020 

R Enqineering 
Design & Engineering 
Home Office Costs 
R & D 

s Major Equipment Procurement 

T Construction Manaqement 

IUIAL UFFICt CUSIS 

IUTAL FIELD & Ut-FICE COSTS 

u Labor Productivity 

V contingency 

w Fee 

/' 

TOTAL CONSTRUCTION COST 

Cont. No. -----Made By .-----Approved -----
Estimated ·cost 

Subcont. Materials Totals 

139,440 

139,440 

IO'/,S80 

z. "" ozo 

I. 3o'1. l30 . 

nate 3/10/81 Revision No. ------ Revision Date ____ _ Page No. -----
A-53 
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CLIENT CONSTRUCTION COSTS 
LOCATION ______________ _ 

PROJECT ~Te~~~gulf Solar Cogeneration Program BY CHKO -·· ..... -· APVD . --· 
MANHOURS COST/UNIT COSTS• • 

A/C 

TOTALIRATI! 
NO. ITEM & DESCRIPTION QUAN. UNIT PER SUB SUB 

UNIT LABOR CONTR. MAT"L. LABOR CONTRACT MATERIAL TOTAL 

S'/10 R~cSNER 
I 

E EGN1P~E~T /IOOG /59 1/t, 10 ,~ '" 1/0 

>---s Nll:IOR EQ\11ftfl,fENT l'ROC\1--E M~lllT 

.-o /l~CEI\IEfl. Ptf#Jf:L . I 1301 I!> 0 I JO 7/ &o 
• NlfT~ltllf&. - 9 '-91 Z50 
• SHol'. L,.6olt - 2'/S 'Ii 0 
• /:,J(i./NE6L,,Ur - ,sooo 
• FEI! - ,ssooo 

"Toia/ Ve11t11>ett. 
C.o,.r I • iB'i. 7;; l,O 

• F/t~ttiHT I '1. 1170 
• 'I>. $I ~,,, /00 ooo 

To TIil P11111~1,. 
Cos.r 1.so1 130 

--· -
-
"-•··• 

-· 
-·· 

I 

i . 
I 

I I ---- ·-·--·- ,___ _J_ 
--1-1--- I -.1--· 

-· t__l 
-1-1 I 

DAU __________ REVISION NO.--------- REVISION DATIE _______ PAOE NO. ___ Qf __ _ 

REVISION NO. ________ _ REVISION DATE ______ _ 
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ DESCRlf'TION __ S_i./_2_0 ___ _ 

LOCATION ____________ _ 

AJC 
NO. 

,. 
I 
C 
0 
E 
F 

G 

M 

J 

JC 

L 
M 

N 
p 

0 

R 

s 

T 

u 

V 

w 

Texasgulf Solar 
Cogeneration Program 

ITEM • OESCRll'TION 

E..-tion 6 Ci,,il 

Conc:rne 
Strue1ura1 Stwl 
lk,11d1,-

Macninerv • EQ..,Pfflffl1 

P>p,nv 

Electmal 

lnn•-a 
,._,n111111 

lnauiat•on 

OIF'IECT FIELD COSTS 

T.,..,porarv Connruc,,on Facilitlft 

Con1truct1on S.,vua1, $111)Plie1 6 E-

Field Staff, S.-11enca & Eao.nM 

C,ah Benel,11. Pavroll B.,,d..,, • 1,,..,,.,,cn 

EQ111pn-.n1 Aenlal 

INDIRECT FIELD COSTS 

TOT4L FIELD COSTS 

En91nttring 

O.,,gn • Env•-ing 

l-lornt Off ic:11 Cons 

R&D 

Major EQuip,Nnt Procuren.,11 

Connruaion Mllf\a9e...,,I 

TOTAL OFFICE COSTS 

TOTAL FIELD & OFFICE COSTS 

ubor Productivity 

Contin99ncv 

"" 
TOTAL CONSTRUCTION COST 

MAN 
HOURS 

I/SO 
ISOO 
GJtSO 

//'IS 

,~11:s 

OATI _____ _ 
REVISION NO. ------

CONT. NO. ______ _ 

MAOEBY ______ _ 

"'""'°vEo ______ _ 

ESTIMATED COST 

LA80R SUBCONTRACTS MATEF'114L.S TOT4L.S 

S 09.S S,095 
I 1/, 1/1./0 32 1./70 'l(,,,9/0 
""10 ?IS 71ft, 9 00 7 87 c.B.s 

I 25,ooo / 2 S 000 

IZ 03S' 5y70 I? SO!Y 

/0 % 3SS 12s,000 7 5&1 ~t./0 9flt./?!l:" 

7" 7 C,S '-2 so 8"!. o,s 

17-,,~o I~ I 250 75'1 8'10 I or.s.z.,o 

REVISION DATE------ PAGE NO.------
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CLIENT CONSTRUCTION COSTS 
LOCATION ______________ _ 

PROJECT Texasgulf Solar Cogeneratlon Program BV CIIKD _ ... ,..,. APVD ,,. --· -
MANUOURS COST/UNIT COSTS I I 

A/C 

~!~ ITOTAll RATe 
NO. ITEM I, DESCRIPTION QUAN. UNIT SIJO S118 

LABOR CONTR. MAT"l. LABOR CONTRACT MATERIAL TOTAL 
-

51/to Tower -- ----1= ,, E1<e1'11111r10,J I c,v,1. 
~--· 

- TowEil ~-a I/IS '1700 '/700 
- Et.di/, P1r lt.S CY ----1!_ 39S 31S -- -- -----

8 Co,1ettETt; ----
- TowEtt. 170 CY /US //, 870 50 1190 '(2. 2 c.o 
- ELtN. P,r 11. CY __fil zs10 z oso I/ i..so ---

C :iorrt"<T\JAfl\l STEE~ 38 .,_ s I :I"' I.ISn 70, 78, 711. 900 787 (.8S 

~ EI..E111ITOlt /25 000 /25.000 

G c L6c.Tl!IC: t4L INS /2 05S S,'llO 17,505 
--

--

---

---
.... 
--
-

-

--· 
--t- -~-

~--1--- ---- ·-•----- -
--•--• 

-·· _L_j 
--1-1-

DATE __________ REVISION NO. ________ _ REVISION OATE _______ PAOE NO. ___ Qf __ _ 

REVISION NO. ________ REVISION DATE ______ _ 
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I GENERAL. ELECTRIC 

I CONSTRUCTION COST ESTIMATE 

I CLIENT-------------

LOCATION _____________ _ 

DESCRlmON __ S_Y_3_0 ___ _ 

UP/DOWN PIPING CONT.NO. ______ _ 

I 
Texasgulf Solar 

l"AOJECT __ c_o_..g.:e.;:n;.;:e;.;:r:.;a .. t=i.;:o.;:n;...;P~r;;.o,_.g.;:r.;:a;;m ... _ 
MAOEBY ______ _ 

APl"AOVEO ______ _ 

I 
AJC 

ITEM 6 OESCRll'T'ION 
MAN ESTIMA TEO COST 

NO. HOURS V.80R SUBCONTRACTS MATERIALS TOTALS 

A £-a,..,tion & Civil 

• Conc:rne 

I 
C Struetural s1 .. 1 

0 Buildinvs 

E Mac:tunery & EQuipnwnt 

F Pipino -zsoo 2 tr ll.!1:0 ,~r..zso IL.I/ ,oo 

I 
G Elec:tric:at ' 
H lnstrunwn\s 

J P9,nttna 

IC lnoutation 

I DIRECT FIELD COSTS z.soo 2s. ~so 13,. zso JI.I/'. r. a o 

., 

I L Temporary Construc:uon Facilities 

M Construction Services, Supplies & E-"P9ftN 

N Field Staff, Suosonenc:11 & E11»n• 
p Craft Benefiu, "9yroll Burden• & lnouranc:n 

I 0 Eou,pment Rental 

INDIRECT FIELD COSTS ti zr.s ZI '2C..~ 

TOTAL FIELD COSTS ""· r.,s /~lo 2S0 I RS, &-I.~ 

I R Engineering 

Oe11gn 6 Entrneering 

I Home Offica Com 

R&O 

s Major Eouipmen1 ..,.ocurenwnt 

I T Connruc:t,on Managenwnt 

TOTAL OFFICE COSTS 

I 
TOTAL FIELD 6 OFFICE COSTS 

I u LabOr PrOduc:tivi'V 

I 
V Contin•nc:v 

w Fn 

I TOTAL CONSTRUCTION COST 

I 
DATE ______ _ 

REVISION NO. ------ REVISION DATE------- PAGE NO.-------
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CLIENT CONSTRUCTION COSTS 
LOCATION ______________ _ 

PROJECT Texasgulf Solar Cogeneration Program av CHKO 
____ , __ 

APVO ~- ·-· 
MANHOURS COST/UNIT COSTS I I 

A/C ~l ITEM I. DESCRIPTION OUAN. UNIT f'ER sue SUB NO. 
UNIT TOTAl.! RATI! l.AOOR CONTR. MAT"l.. LAOOR CONTRACT MATfAIAl TOTAL 

51/30 Mlf1.J FEEDWr'ITt:-fl. Al<IO 
Ptf>/N~ 

--- -- ----- ----
~TEIIM --~ ----

F P1Ptll'-
------

13" ,~o /t.&J l.oo /OQ_'!._ 2., zsoo ZQ.!.$0 -- ----
-- ---- -- --- ---

--- --- --

--,_ 

---
--

--- ,--- ------
--
... ~ . ,___ -----
-- ,_ ---

----=t ~--
--i-1--- ---· ·-•--- -
-•---•-- ------

--- _L_j_ 
----- --1-1-- -----

DATE _______ _ REVISION NO. _________ tUVISION DATE _______ f'AOE NO. ___ QF __ _ 

REVISION NO. _________ Rf VISION OATE ______ _ 
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT _____________ _ 

LOCATION _____________ _ 

Texasgulf Solar 
P'ROJEC'T Cogeneration Program 

If.IC 
ITEM & DESO'IIPTION 

NO. 

A E•caw11on & Civil 

B Concrnt 

C Srn.ctural s, .. 1 

D &,ildt"91 

E M.c:runerv • Eoui1>,..n1 

F P,p,ng 

Q E•c:tr•c:al 

H tr,1trufflllflt1 

J ""'"11n; 
,:: tnwwn,on 

DIRECT FIELD COSTS 

L Tempc,rary Connruc:11on Fac:ilt1tN 

M Conct1ue110r. Serv,ces, 5.,c,g1te1 & e-.. 
N Field S1ati, Suostnence & Exca"• 
p Crah Be,ntitts, Pa.,,,.011 8..-o,"s & lntvran-

a E0.,,c:,men1 R_,,&al 

INDIFIECT FIELD COSTS 

TOTAL FIELD COSTS 

Fl En91n•er1n9 

C.1191'1 & Er>91neeri"9 

Home Otfo Cons 

R&D 

s M.jor Eouic:,,,w"t Proc:vre,_,,t 

T Connruc1ton Mana;a...,,1 

TOTAL OFFICE COSTS 

TOTAL FIELD & OFFICE COSTS 

u Labo< ProOuCTiwitv 

V Co•'l•"ci-nc:v 

w FN 

TOTAL CONSTRUCTION COST 

DATE ______ _ 
REVISION NO. 

DESCRIP'T'ION ___ s_s_o_o ___ _ 

CONT. NO. ______ _ 

MADE BY ______ _ 

,.;,.ROVED ______ _ 

MAN ESTIMATED COST 

HOURS LABOR SUBCONTRACTS MATERIALS TOTALS 

30Un 3Y -z.qo ,,. oss I 00 3YS 

z.ctso ~'3 2. "7S ,1 8'30 13I, IO :S 

<.ISO "''. 310 I 'IS Soo ,,.,, i70 

/Z l"fO ,~..,_qss 30<1 .38S ~"'- 32.0 

10 'l. 100 / 02 100 

i. ~.'f (. ~~ 3D"f 3AS S"l'f. 020 

I 

I '" a,s 

(.'ZS' .RrrS' 

125; s~s 

' 7 SIJ '/Z.o 

REVISION DATE-------
PAGE NO. ______ _ 
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT _____________ _ 

LOCATION _____________ _ 

Texasgulf Solar 
PROJECT Coliteneration Program 

/I.JC 
NO. ITEM • DESO:Ul'TION 

... E•cawa1,or1 • c;.,;1 

B Concrete 

C Srr1.e1...-a1 Steel 

0 S.,ild1"91 

E M.c:n,nerv • Ea.,,g,,..n1 

F P1g,119 

a E•c:trical 
M lftltrUITWntS 

J Pa,nttn; 
I( ln1,1,1ia:uon 

01RECT l'IELO COSTS 

L Temco,arv Connruc:1ton Fec:ifn11t1 

M Conmuc:toon S.v1ca1, $uogloe1 & E&oenM 

N "•-'d Stat!. S.,0.,nenca & E11»nM 
p Ctah Be,,efiu. l"lvroll B...-oen, & Insur.,._ 
0 E0u,0,...n1 RffliAI 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R En91nnrin9 

De119n & E"91neerin; 

Honw Otf1e2 Con, 
R&O 

s Maio, Eau,grTWnt PTocurement 

T Coronrucuon M.na119...,,1 

TOTAL OFFICE COSTS 

TOTAL FIELD & OFl'ICE COSTS 

u ubor Prooucrivity 

V Con1in91t~ 

w "" 

TOTAL CONSTRUCTION COST 

OESCRll"TION ___ S_.S_l_'O;..... __ _ 

CO/IJTflOI. C0"'1".NO, ______ _ 

MAOEBY ______ _ 

AP'l"Rbveo ______ _ 

MAN ESTIMATED COST 
HOURS L.A80R SUBCONTRACTS 1,U,TERIALS TOTALS 

301/0 ?>&.I 1.qo 1:11...oSS ,oo ~'IS 

2ClSO 3?» '27 S 97 ~~o / 31 IOS 

~'19a fo'1 st...S 1 t. s ass z~' 'ISO 

I 

DATE ______ _ 
AEVtSIONNO, ------- REVISION DATE------- PAGE NO. -------
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ 

LOCATION ____________ _ 

Texasgulf Solar 
,FIOJECT Cogeneration Program 

AJC 
ITEM Ir DESCAl"ION NO. 

A Eaca,..tion Ir Civil 

• Concrete 
C Strucrural St•I 
D Buildilll!II 

E Maolinery Ir EQuionwnt 

F Pioina 
G Electrical ' 
H Instruments 
J ,.,ntin11 
K ln111la1ion 

DIRECT FIELD COSTS 

L T e,noorary Connrucuon Facilittes 
M Con11rue1ion Service,, Suoolies 6 E-
N Field Staff, s...t,s,nenca 6 Eaoan• 
p Ctah Benefiu, Payroll Burdens 6 lnautenCIIS 

0 EQu,onwnt Ren1111 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

Fl EnginHring 
Oe11gn 6 EnginHrin9 

Honw Offic:a Com 
Fl Ir D 

s Major Eciuionwnt ProcuNment 

T Connruction Man-ment 

TOTAL OFFICE COSTS 

TOTAL FIELD 6 OFFICE COSTS 

u ubot Productivitv 

V Continaancv 

w F• 

TOTAL CONSTRUCTION COST 

DESC:,UmON ___ S_S __ Z_O ___ _ 

CONT. NO. ______ _ 

rtJ£TrN MENTATI 01\J MADE BY ______ _ 

APPROVED ______ _ 

MAN ESTIMATED COST 
HOUFIS LABOR SUBCONTRACTS MATERIALS TOTALS 

'9150 (.q370 IC/$, SOO Z.l'l,&70 

,,so t.9S70 /&/S. soo 2.1 If, ll'7 (') 

\ 

DATE------ REVISION NO. ------- REVISION DATE------ ,AGE NO.------
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT ____________ _ DESCRll"TION ___ S_~_o_o ___ _ 

LOCATION ____________ _ CONT. NO. ______ _ 

Texasgulf Solar MAOEBY ______ _ 

.. ,.OJECT Cogeneration Program APl'ROVEO ______ _ 

AJC MAN ESTIMA TEO COST 
NO. ITEM 6 DESCRl"ION HOURS LABOR SUBCONTRACTS MATERIALS TOT,t.LS 

A bc.wtion 6 Civil 

• Concrete / (.O /~7S ~" "~ ~ozo 
C Structural Stftl 

0 9uildi"91 

E Madlinary • EQui~nt /'400 /f.,S7S I 'Z B i..200 l~o2,7iS 
F Pipino 

G Ete-=vic:al ' 
H lt"tru,...,.U 
J Plin11n11 

" lnouilluon 

DIRECT FIELD COSTS ,~,.o /B ISO I. 'ZEl'I l..'lS I ~ 07. 7 'f .!:' 

L Temporary Con1truct1on Facilities 

M Con1uue1,on S.,vica,. Supplies • E-
N Fie'd Staff. Sut,s,11e,,ca • E-n• 

" Crah Be,,el iu, Payroll BIM'de,,1 6 ln1u,.,.CIII 
a EQu1pmen1 Rental 

INDIRECT FIELD COSTS /3 t.l:i I:!!. r.1 S 

TOT,t.L FIELD COSTS 31, "7GtS /, 287. taYS I ~21 '-110 

R Engi""ring I tS,ooo 
D .. ,gn 6 Eno,neeri"I 

1-4o,.. Olfict Co1u 

R60 

s Major EQuipnwu Procuren.,,t 

T Construction Manav,a,...,., 

TOTAL OFFICE COSTS 

TOTAL FIELD 6 OFFICE COSTS J sola.1./10 

u ubor Productivity 

V Contin9•ncy Z."1'1 C.'40 

w FN 

TOT.AL CONSTRUCTION COST t, '7St.l,oso 

DATE _____ _ 
REVISION NO, ------ REVISION DATE------ PAGE NO.------
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GENERAL. ELECTRIC 

CONSTRUCTION COST ESTIMATE 

CLIENT _____________ _ DESCRll"TJON __ S'_I.._I_O ____ _ 

LOCATION-------------- aou.e" CONT. NO. ______ _ 

Texasgulf Solar MAOEBY ______ _ 

l'RO.IECT Cogeneration Program Arl"FIOVED ______ _ 

AJC 
ITEM Ii DESCRIPTION 

MAN ESTIMATED COST 

NO. HOURS LABOR SUBCONTRACTS MATERIALS TOTALS 

A E•caWtion I, c;.,;1 

• Concrne &.c '-'10 /&/~5 ~o 7S" 
C Srructural S1•1 

D 9uild11191 

E Mac:ninarv I, Equi11nwnt a ... o 9'(10 f.SI/. ooo (. c..s. 1/70 
F Pipino 

G Electrical \ 

H 1n11rumen11 

J l'a,ntong 
I( Insulation 

DIRECT FIELD COSTS lilLC' 10 110 r.. << 1/;IS t.t.S !f:U~ 

L Teml)Otarv Connruction Fac:ilitoft 

M Con&truc:uon Servica1. Sugp1;., I, E.q,enw 

N Field Statt, Suos,uenca Ir e,. .. ,.. 
p Crah Be,,efiu, Payroll Buroen, Ir ln1urana1tS 

0 Eau,iiment Fllenul 

INDIRECT FIELD COSTS 

TOTAL FIELD COSTS 

R Engineering 

0.11gn Ir Engineerin9 

Horne Office Com 

FIi ir 0 

s Major EQuipnant Procure.....,, 

T Con11ruc:t,on Man~,._,., 
TOT AL OFF ICE COSTS 

TOT-'L FIELD I, OFFICE COSTS 

u Latior Producriwtty 

V Con1in91nc:v 

w FN 

TOTAL CONSTRUCTION COST 

DATE ______ _ 
REVISION NO, ------ PIEVISION DATE------ PAGE NO.-------
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CLIENT CONSTRUCTION COSTS 
LOCATION _______________ _ 

PROJECT Texasgulf Solar Cogeneration Program DV CHKD '-- ............... APVD ........ 
-

COSTS 1 I MANIIOURS COST/UNIT 
A/C 

l'EA I- I NO. ITEM lo DESCRIPTION QUAN. UNIT sue SUB 

UNIT TOTALJ RATI! LABOR CONlR. MAT"L. LABOR CONJAACT MATERIAL TOTAL 

SblO SitllvttAT&I) 18011.eR ~.t=· -- --

a c:.o~cC.~TE 8 e.'( '"o l'(!.S lo7S 

-- --
E H"c H1IIE~'i t EQJ1iPt141hJT , E4 800 ?c/7o ,sv.ooo t..c..~. 'ho 

------
- -----

-·-- --- ---

--- ---
---

-- --- --

.,___ 

---
----

---
.... 
-· 
--

-

-1~-- ---
----

--;-1- ---·· ·-----· -, __ , 
-·· . L_j 

--1-1-- --
DATE __________ REVISION NO. ________ _ REVISION DATE _______ l'AOE NO. ___ QF __ _ 

REVISION NO. ________ _ REVISION DATE ______ _ 
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I GENERAL. ELECTRIC 

I CONSTRUCTION COST ESTIMATE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CLIENT--------------
LOCATION _____________ _ 

Texasgulf Solar 
l"ROJECT Cogeneration Program 

A/C 
NO. ITEM & OE.SO'IIPTION 
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GENERAL. ELECTRIC 

Table 5-9 

O&M COST SUMMARY 

OMlO0 Operations 

OMll0 Operating Personnel 186,150 

OM200 Maintenance Materials 

OM210 Spare Parts and Materials 26,514 

OM300 Maintenance Labor 

OM310 Scheduled Maintenance 39,400 

Total Yearly O&M Cost $252,064 

Table 5-10 

O&M COST BREAKDOWN 

OMl00 Operations 

OMll0 Operating Personnel 

1 Operator 4.5 shifts/ day 
1 Maintenance Man 1. 8 7 5 shifts/ day 

@ 8 hr/shift x 365 day/year = 18,615 man-hour 
x $10/hr 

OM200 Maintenance Materials 
. 

OM210 Spare Parts and Materials 

OM211 Collector Equipment 
0.1 % of initial cost/yr = 

OM212 Receiver Equipment 
0.1% of initial cost/yr= 

OM213 Balance of Plant Equipment = 

OM300 Maintenance Labor 

OM310 Scheduled Maintenance 

OM311 Subcontracted services 
for heliostat washing 
@ $50/heliostat x 588 heliostats = 

OM312 Balance of Plant including 
turbine/ generator service 
and RX-condenser tu be cleaning = 
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GENERAL. ELECTRIC 

5.4 ECONOMIC DAT A 
The economic assumptions used to evaluate the pilot plant solar cogeneration faciliy at Comanche 
Creek is shown in Table 5-11. In addition, the data listed in Table 5-12 has been used (per 
DOE-RFP DE-RP03-80SF10768) for the alternate fuel option. 

Table 5-11 

PILOT PLANT ECONOMIC ASSUMPTIONS 
(1980$) 

Factor 

Annual Inflation Rate 
Federal & State Income Tax Rate 
Tax Depreciation Method 
Tax Depreciation Life 
Salvage Value 
Investment Tax Credit 
Local Real Estate Taxes & Insurance 
Useful Life of Investment 
First Full Year of Operation 

Cost of Fuels & Power 

Natural Gas 
Purchased Power 

Escalation of Fuels & Power Above Inflation 

Natural Gas 
Purchased & Exported Power 

Table 5-12 

Value 

9% 
46% 
DDB 
10 Years 
0 
10% + 15% 
3% 
20 Years 
1986 

$2.50/ 106 Btu 
$0.033/kWh 

3% 
1% 

ALTERNATE FUEL COST ASSUMPTIONS 

Cost 
Fuel (1980 $/MBtu) 

Coal 1.25 
· Oil 4.00 

Escalation Rate 
(Above General Inflation) 

2% 
4% 

5.5 SIMULATION MODELS 
This section contains a brief summary of the simulation models and computer codes used during the 
course of the conceptual design study. 

5.5.1 Solar Model 
The solar model used in the evaluation of the solar cogeneration facility performance was developed 
using the 1975 El Paso, Texas SOLMET data tape which was modified to reflect solar radiation 
differences due to Fort Stockton being at a different location (altitude and latitude). This 
modification, as described below, is based on a solar flux relationship taken from Ref. A. l. 

A-77 



GENERAL. ELECTRIC 

The solar flux relationship is (Ref. A. l, pg 46). 

I (z, h) = Io (/ - ah) e-dsec z)S + ahlo 

where 

I (z, h) solar flux at zenith distance z and elevation h 

Io 1.353 kW /m2 

a = 0.14 /km 

C 0.357 

s = 0.678 

The zenith distance z is obtained from the expression (Ref. A. l, pg 88) 

cos z = sin.\ sin8 + cos,\ cos8 cos t 

where 

,\ = site latitude (degrees) 

8 = solar declination (degrees) 

t solar time (hours, measured from noon) 

(5-1) 

(5-2) 

Assuming conditions corresponding to the design point (Equinox, noon) then both the solar time, t, 

and the solar declination, 8, are zero. Thus, eq. 5-2 reduces to 

cos t = cos.\ (5-3) 

or the zenith distance, z, is equal to the latitude, ,\. The pertinent site charac.teristics are given in 
Table 5-13. 

Table 5-13 

COMPARATIVE SITE CHARACTERISTICS 

Site Fort Stockton El Paso 

Altitude (km) .913 1.250 

Latitude (degrees) 30.8667 31.8 

Substituting the characteristics from Table 5-13 into eq. 5-1 gives the following: 

Fort Stockton Insolation = 0.7148 (Io) 
El Paso Insolation = 0.7267 (Io) 

and by taking the ratio we find 

Fort Stockton Insolation = 0.9837 (El Paso Insolation) 

Therefore, the El Paso SOLMET data tape can be used to model the solar flux at Fort Stockton if a 
modifying factor of 0.9837 is applied to each piece of data. 
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GENERAL. ELECTRIC 

5.5.2 Performance Models . 
The following models will be used to design and evaluate the system performance: 

1. DELSOL - Calculates the optical performance, field layout and optical system design for 
solar central receiver systems. 

2. MIRV AL - Calculates heliostat field performance by Monte Carlo ray trace analysis. Field 
efficiency data used as input to STEAEC analysis. 

3. WSRLOSS - Models receiver performance and calculates the incident and absorbed heat 
fluxes and the reflecfion, radiation and convection losses. 

4. STEAEC - Models system performance with SOLMET insolation and meteorological data to 
provide yearly energy output. 

5.5.3 Economic Model 
The economic model consists of a discounted, cash flow rate of return (DCRR) analysis based on 
the General Electric CT AS (A. 2) activities. 

REFERENCES 

A.1 A.B. Mienel and M.P. Meinel, "Applied Solar Energy - An Introduction," Addison-Wesley 
Publishing Company, 1976. 

A.2 "Cogeneration Technology Alternatives Study (CTAS)," General Electric Company Final 
Report, No. DOE/NASA/0031-80/1, January, 1980. 
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Appendix B 

INCREMENT AL COST OF STORAGE 

Cost estimates for the six storage system concepts discussed in Section 3.5 are summarized in 
Table B-1. These are incremental costs - that is, the investment required beyond case 1 to procure 
and install the storage equipment and additional receiver/collector capacity. 

Case Number 

Cost Category: 

Storage Media 

Storage Tanks 

Heat Exchangers 

Pumps 

Indirect Costs: 

A/E Service 
Constr. Contr. 
Contingency 

Storage Total 

Receiver and Coll. 

Grand Total 

Table B-1 

INCREMENT AL COST OF STORAGE 
(1980-SM) 

2 3 4 5 

Oil Salt 

0 0 0 0.225 0.426 

1.720 4.578 6.401 0.194 0.153 

0 0.124 0.233 0.776 0.238 

0.001 0.008 0.011 0.002 0.001 

0.430 1.178 1.659 0.299 0.205 
0.076 0.192 0.268 0.039 0.031 
0.334 0.912 1.284 0.230 0.158 

2.561 6.992 9.846 1.765 1.212 

3.200 13.000 19.300 2.500 2.500 

5.761 19.992 29.146 4.265 3.712 

6 7 

0.546 1.229 

00.489 1.252 

1.787 3.015 

0.004 0.010 

0.707 1.377 
0.088 0.194 
0.543 1.062 

4.164 8.138 

13.000 20.000 

17.164 28.138 

Storage media properties and costs (Table B-2) were taken from several sources. Oil and rock 
data came primarily from references B.l and B.2, but were checked against the McDonnell Douglas 
solar study. <n. 3) The molten salt used in this analysis is a, mixture of 45% (weight) sodium nitrite 
and 55% potassium nitrate. This is the only mixture identified in Martin Marietta's solar study<B.4) 
which has a melting temperature low enough (285° F) to be used in the solar cogeneration system. 
Although potassium nitrate is well characterized in a number of reports, sodium nitrite data proved 
more difficult to find. The physical data for sodium nitrite were estimated by scaling nitrate data, 
while the cost was assumed to be the same as that quoted for sodium nitrate by Martin. (B.4) 
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Table B-2 

STORAGE MEDIA PROPERTIES AND COSTS 

Rock+Salt Molten Salt 
Caloria HT-43 (2R:1S) (0.45 NaNO3 :0.55 KNO3) 

Density (lb/ft3) 44(B1) l 25d(B 1) 

Sp. Heat (Btu/lb °F) 0.68(Bl) 0.24(B 1) 

Th. Cond. (Btu/hr ft °F) 0.049(B 2) -

Viscosity (ft2/hr) 0.21 (B.l) -

Prandil No. 128 -

Cost ($/ton) 
Medium 600a 103 
Shipping 3b 3b 
Installation, Field Oc 22r 

-- --
Total 603 35 

Heat Tran sf er 
Coefficient (Btu/hr ft2 °F) 50m 

same basis water h = 1000 f.c. 
h = 10,000 boiling 

a(Ref B.l) 0.27 x 1.10 x 2000 = 600 $/ton, FOB Houston 

b0.015 $/ton-mile x 200 miles = 3 $/ton 

crequires only pumping from tank car 

dl6616/ft3 x 0.75 (packing) = 125 

e7.40 $/ton (5) x (1.10) 3 = 10 $/ton, FOB Texas83 

r16.70 $/ton (5) x (1.10)3 + 22 $/ton compares with 42 $/ton for concrete8·6 

gl35 (8) x 0.45 + 116(7) x 0.55 = 124 lb/ft3 

124g 
0_43h 
0.23i 
0.08i 
18.6 

213i 
3b 

22k 
--
0.238 

300 

h[0.45 x 135(8) x 0.54(guess)+0.55 x 116(7) x 0.32(7)]/124 = 0.54 Btu/lb °F 

iassume same as for 40% KNO/60%NaNO3 at 500°F 

j(Ref. 5.4) assume NaNO2 costs same as NaNO3 (0.45 x 147+0.55 x 200) (1.10) 2 =213 $/ton, 
FOB Mississippi and ·Louisiana 

kCost of unloading, mixing, melting and loading at site, 8.4 

17.88 $/ton x 0.10) 2 = 22 $/ton 

1Nu = 0.023 Pr0.4 Re0-8 = 0.023(18.6) 0-4 (18750)0.8 =194 

mNu = 0.023 Pr033 Re08 = 0.23(128) 0-33 (7142) 0-8 =138; 

Water Nu = 0.23 (0.927)033 (245098) 0-2 = 459; 

h = 459 [0.38/1 (2/12)] = 1046; 2.5 ft/s, 2 in. tube; 
h = 138[0.049/2/12)] = 41; 
h = 194[0.23/(2/12)] = 267 
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Table B-3 shows the format and unit costs used for estimating the storage tank costs. These data 
were taken from General Electric's Advanced Central Receiver study.<B.S) All of the tanks were 
designed to meet ASME Section VIII Division 1 rules which assume that carbon steel is the tank 
material. Wall thicknesses were maintained at less than 3 inches in all cases. A brief evaluation was 
made of prestressed cast iron vessels for the pressurized hot water storage cases<B. 6) but this technol
ogy is not yet commercially available and was judged inappropriate for the very near-term solar 
cogeneration project. 

Table B-3 

STORAGE TANK COST ESTIMATE 

Major Field Field 
Item Quantity Unit Cost Comp. Labor Mat'l 

(M$) (M$) (M$) 

Metal 

Raw Plate lb 0.25 $/Jb - -

Factory Fabrication lb 0.25 $/lb (Field) ,0.40 (Fact) 

Factory Rigging lb 0.01 $/lb - -

Field Fabrication lb 0.30 $/lb(Field),0(Fact) - -
Field Rigging lb 0.08 $/lb 
Plate Shipping lb 0.008 $/lb - -

Insulation 

Thermal Insulation ft2 2.00 $/ft2 - -
Aluminum Jacket ft2 0.60 $/ft2 - -
Insulation Shipping lb 0.008 $/lb - -
Factory Rigging lb 0.01 $/lb - -
Field Install-Insul. ft 2 2.00 $/ft2 - -

Jacket ft2 1.50 $/ft2 - -
Field Rigging lb 0.25 $/lb - -

Trace Heaters 

Trace Heater Coils ft 10 $/ft - -
Heater Shipping - 5% - -
Field Installation ft 7 .60 $/ft - -

Foundation 

Concrete and rebar yd3 54.00 $/yd3 - -
Installation yd3 56.40 $/yd3 - -

Heat exchangers required for charging and discharging storage were sized from the counterflow 
and the heat transfer coefficients listed in Table B-2. Table B-4 describes the procedure used for 
estimating the costs. It was assumed that carbon steel would be used in all cases except where boil-
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ing, condensation, or contact with the process liquid required low-alloy steel for corrosion resistance. 

The unit cost data in Table B-4 were derived primarily from ACRI, (B. 5) and from the factory fabrica

tion data supplied by Foster Wheeler in private communications. 

Table B-4 

HEAT .EXCHANGER COST ESTIMATE 

Assume that all HX are constructed from 2 in. OD x 0.25 wall thickness C.S. 

tu bes* and are 60 ft overall length, 50 ft active length. Each tube is 1 in. from every 

adjacent tube and the shell is 0.5 in. thick. 

Tubes Units Shell Units 
-- -- -- --

A = T ft2 Ds = 0.333 .JN = ft 

L = A/ (0.524 ft2/ft)= ft Ws = 3927 Ds = lb 

N = L/40 = ft As= 188 0 5 = ft2 

WT= (4.77 lb/ft)L = lb LwELD = 10 rr Ds = ft 

Foundation Foundation 

W1 = 4.44 lb/ft2 As = lb Ve= (20)2 x 1.5 = 22 yd3 
27 

Major Field Field 

Item Quantity Unit Cost Comp. Labor Mat'l 
(M$) (M$) (M$) 

Metal 

Raw tube lb 0.50 $/lb* - -
Raw plate & forgings lb 0.50 $/lb* - -
Tube welds tubes 50$/tube - -
Shell welds ft 50$/ft - -
Factory Fabrication lb 1.50 $/lb - -
Factory Rigging lb 0.01 $/lb - -
Shipping lb 0.008 $/lb - -

Field Rigging lb 0.08 $/lb - -

Insulation 

Thermal insulation ft2 2.00 $/ft2 - -
Aluminum Jacket ft2 0.60 $/ft2 - -

Insulation Shipping lb 0.008 $/lb - -
Factory Rigging lb 0.01 $/lb - -

Field Install - Ins. ft2 1.50 $/ft2 - -
Jack. ft2 1.50 $/ft2 - -

Field Rigging lb 0.25 $/lb - -

Found. Concrete & Rebar. 22 yd3 54.00 $/yd3 - - 0.001 

Installation '22 yd3 56.40 $/yd3 - 0.001 -

*HX with process water, boiling water or condensing steam use 

2 l/4CR-1Mo at 1.30 $/lb. 
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The pump costs were estimated by applying a unit cost of 100$/HP. This number is consistent 
with the range of costs seen in the studies by Martin, (B. 4) MDAC, (B. 3) and General Electric. (B. 5) 

The indirect costs were estimated by using the methodology described in Table B-5. This method 
is a simplification of that employed in ACRI. (B.s) 

Table B-5 

COST ESTIMATE SUMMARY 

(CASE NUMBER _) 

Major Field Field 
Comp. Labor Mat'! 
(M$) (M$) (M$) 

Storage Media 

Storage Tanks 

Heat Exchangers 

Pumps -- -- --
Subtotals (I) (2) (3) 

Indirects 

General Service, Procure., Constr. Mgt. 

0.25 X (4) 

Constr. Contractor Markups 

0.18 X ((2) X (3)] Subtotal 

Contingency 

0.15 x Subtotal Storage Total 

Receiver & Collector 

GRAND TOTAL 

REFERENCES 

Total 

(M$) 

--
(4) 

--

--

--

B.1. A Preliminary Screening of Thermal Storage Concepts for Water/Steam and Organic Fluid Solar Ther
mal Receiver Systems, R.J. Copeland, M.E. Karpuk, J. Ullman, Solar Energy Research Institute 
Report SERI/TR-631-64 7, April 1980. 

B.2. Prediction of Yearly Fluid Replenishment Rates for Hydrocarbon Fluids in Thermal Energy Storage 
Systems, V.P. Burolla, Sandia National Laboratories, Livermore, CA; SAND79-8209, April 
1979. 

B.3. Central Receiver Solar Thermal Power System, Phase 1, Volume VII, Book 1, Pilot Plant Cost and 
Commercial Plant Cost and Performance, McDonnell Douglas Astronautics Company-West, 
Huntington Beach, CA, May 1977. 

B.4. Conceptual Design of Advanced Central Receiver Power System, Martin Marietta Corporation, 
Denver, CO; DOE Contract EG-77-C-03-1724 Final Report, September 1978. 

'B.5. Conceptual Design of Advanced Central Receiver Power Systems, General Electric Company, 
Schenectady, NY; DOE Contract DE-AC03-78ET20500, June 1979. 

B.6. Conceptual Design of Thermal Energy Storage Systems for Near-Term Electric Utility Applications, 
General Electric Company, Schenectady, NY; EPRI Report EM-1218, November 1979. 
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Appendix C 

HELIOSTAT COORDINATES 

Table C-1 presents the x,y coordinates of each of the 588 heliostats in the collector field. These 
coordinates (given in meters) are relative to the tower centerline which is assumed to be at x = 0, 
y = 0. 

Table C-1 

HELIOSTAT COORDINATES 

Heliostat Coordinates Heliostat Coordinates Heliostat Coordinates 

No. X y No. X y No. X y 

I 0.000 '>2. 749 3'> 5tl.U99 62.910 /I 49.415 106.J34 
2 17.314 4\l,l:l21'i 37 -58.l:l99 62.910 u. -49.415 I Ol'i • .l34 

3 -17.314 49.H26 38 16.187 92.934 7l 74,97 I 90. 156 

4 32.110 41. J/jJ ]Q -16. 187 92.934 74 -74.971 00.15,-S 
'j - 32. 710 41.JU3 40 34.660 87.735 75 !]7.323 77 .691 
I) 9.N2 5H.009 41 -34.660 87. 735 7'> -f:17.823 77.691 

7 -9.7?2 '>U.009 42 51. 700 78.904 n 8.836 125.045 

8 28,2')0 51.581 43 -51.700 78.904 78 -8.816 125.045 
'J -28.290 5 I .581 44 75.332 56. 779 /9 26. 3 32 122.560 

10 4 3.6':i 3 39.'137 45 -15.332 56. 779 tJO -26.332 122.560 

11 -43.6',3 39.437 46 9.571 IOI .458 di 43.305 117 .639 

12 0.000 1'>4.910 47 -9.571 IOI .45tl d2 -43. 305 I 1 / .639 
13 21. 3t)I\ 61. 314 48 28. 377 .07 .d7tl l:l) 59.411:l 110. 381 
14 -21 .30-S 61.314 49 -28, 377 97.d78 84 -59.418 110.38I 

15 40.251 50.923 50 46. I :JO 90.d45 t15 74.349 100.928 
16 -40.251 50.923 'jJ -46, 180 90.845 86 -74.349 100.\121:l 

17 16,627 71 .037 52 112. 355 80.60/i tl7 87. 803 89.470 

18 -16.627 71 .037 53 -62. 355 80.60{, dB -87.803 89.470 

19 35.0tlJ 63,967 54 76.329 67.'>23 d9 99.512 76. 234 
20 -15,093 63,967 'j5 -76.329 6 7 ,'J23 90 -99.512 76.234 

21 'S0.915 52.204 ':>6 0.000 IOtl.748 91 0.000 1.33. 149 

22 -50.965 52,204 ':>7 20.331 l01i.tl30 92 18.724 131 .826 

23 10,033 79.5 77 !:>8 -20.JH 106.tDO 9J -18.724 131.826 

24 -10.033 79.577 !:>9 39,9':>7 IOI. 142 94 37.075 127.883 

25 29,470 74.597 60 -39.957 IOI .142 95 -37.075 127.883 

2/i -29.470 74.597 Iii 58, 117 91 .rlB5 96 54.690 121 • .399 

27 47.063 64,948 '>2 -511. l'\7 oJ.'lfb 97 -54.690 121.399 

28 -47.0'>3 64.948 63 74. 324 79. 3tlf> 98 71.218 112.502 

29 6 I. 711 51 .234 64 -74.1~4 79. 38,:'i 99 -71.218 112.502 

30 -6 I, 711 5 I .234 l'i5 117,,b9 '>4.086 100 B6. 331 IOI, 369 

31 0.000 86. 178 66 -tl7.t159 '>4.0B6 101 -tl6. 331 IOI. 369 

32 21. 390 83.481 67 I'S. In 116.276 
102 99.728 8tl.222 

33 -21.390 83.481 '>H -15.12.3 11 '>. 271'i 10.3 -99. 728 Otl.222 

34 41. 441 75.560 19 .32.l'i'JO 112.1'> Id 104 9,997 141 .474 

35 -41.441 75.560 70 -32.6?0 112.'i 18 105 -9.997 141 .474 
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Table c.1 (Continued) 

I 
HELJOSTAT COORDINATES I 

Heliostat Coordinates Heliostat Coordinates Heliostat Coordinates I No. X y No. X y No. X y 
IO'i 29.79,2 138.662 179 -oa;n-; 140.2fl8 252 '.>2.•PI ;, I 'i.•.)24 
107 -20. 792 138.662 ltlO 111.4:,4 I 3~.077 2':i 1 -52, 12 7 ? I 'i.02-1 
IOB 4B,?95 I 33. 095 ldl - 11 J. 4'54 138,077 2':i4 t\O. 1':!<) ;.> I I. IHI 
IOQ -48.095 1]3.005 ld2 I 2 I. 4:)3 12'5. 32;> 2'J5 -'\O. 1·J? ;, 11. P31 I 
110 67.224 124.883 183 -121,M)J 12':i. 3?2 25t\ !l':,.011 ;>()'J,02?. 
111 -67.224 124.883 184 110,o~ I 111.16':i ?':,I -Ii'>. VI .1 ;,,,.,. Q;)2 
112 H4. 118 114. 189 ltl5 -110.?27 I 11. I t\5 ;>':,11 I') I. ,I l / Io 7. 'oli5 
113 -84.118 114,189 liVi 0.0')0 lfl'J. 'Vi.3 2':)') - I rJ I.HJ I I •.JI. 5'1'> 
114 99. 339 IOI .225 107 10.0413 1B 7 • .JO I 260 117.239 I !HJ. 865 I 
II', -oo. 339 IOI .225 I.VJ - 10. ')4'-3 IH7.·i07 261 -117.239 I IHJ,B65 
I Iii I 12.'>d7 86,250 l'JQ 10,,;p I 114.'>4'~ 2fi2 131 .U43 I 7H. 976 117 · 112.537 86.250 JO() -10.f, 72 18,1.'\4? 26 3 -111. 843 17H.976 1 ltl o.o:.>o 150.484 1:;)I ~;I. 'J·) .1 179. -12'\ 264 145.l'i I 7 I l'i/. 91'i0 
119 17.213 149.496 10?. -')H • ')·) ~ IF).,\?'\ 21'i5 -145.l'i 17 l'i 7. ?l'iO I 120 -17.213 149.496 10.1 11.e> 14 I/;>. I"'> 21'i6 158,475 l'J'i. '.i.97 
121 4':i. 711 143.373 1?4 -77.'>74 172. IOl'i 267 -15B,175 15':i. 887 
122 -45. 7 11 143. 373 I \/5 95.32El l!iJ. 030 268 170.3h 142.832 
123 61.810 137.203 1\/!i -05,328 I"> 3.0.19 269 -110. JJ'j 142.832 124 -61.810 137,203 I •J7 112.DI 'S 152.05? 270 I Ill. 122 12d.H7fl 
125 77,()99 129.233 llH -112.015 152,059 2 71 -IOI.In 12d.d78 
121'i -77.099 129.233 JQO 121.4-19 139,377 212 O,JJO :?34.241 
127 !OO.~!i'5 ! .11 ,24:i 200 -127.419 13->,377 271 -o.Joo ?.34.241 
I 2fl -IOO,':il'i6 I 11,945 201 141. 45 7 I ?5. 137 214 27.841 232.766 
120 112.711 00,707 202 -141.4':>/ 12':J.137 275 -27.841 232.166 
130 -112.111 oo. 707 203 153.BBJ I00,496 276 4'\,207 229.d26 

I 
I 

I JI B.417 159. 321 204 -15J.tJH3 109.49'\ 277 -46.207 229.826 
132 -B. 4 J7 150,121 21)5 14.'JJ4 19;>.Jl6 27H 64.2d2 22':i. 440 
1.13 ?.5,218 15 7, ':,JO 201'i -14 .':i04 I 'N,Ol!i 279 -64.2":12 22'>. 440 
134 -2'>.210 157 .5.1? 207 31.'>40 I 07 ,035 280 81,9':iJ 219,1'i34 
135 41. 716 153.994 208 -31 .540 19/,035 281 -BI .053 219 .', 34 
I 3!i -41. 71 l'i 15]. 094 209 48.343 I OJ ,590 282 99,108 212.445 
137 57.747 I 4t!. 727 210 -48. 343 IOJ,509 283 -99.108 212 .145 
138 -5 7. 74 7 148,727 2 II 75. ?J2 184.545 284 115 .6 39 203.919 
139 73. I 33 141. 795 212 - 75, ?'J2 194.545 285 -115.638 203.919 
140 -7.J. I JJ 141, 10-i 213 91.469 I 77,345 286 131. 441 194. 110 
14 I 87. 700 133.278 214 -9 I. 468 I 77,345 287 -111. 441 104,110 
142 -IJ7. 700 133.27fl 215 106.3-i9 l'ifl. 836 288 146.416 18.i.078 
143 101.287 12].270 211'i - I O!i. 359 l!i8,'l 11'i 289 -14'\.416 183.078 
144 -101.287 123.270 217 129.714 151 .631 290 160.470 170.804 
145 113, 740 I I I .8H2 218 -129.714 151 ,'\JI 291 -160.470 170.804 
146 -113. 740 111 .8H2 219 142.256 139,932 292 173.513 15 7.!i 34 
147 I 24,921 09,243 220 -142,256 139.932 293 173.513 15 7 ,'\34 
148 -124.921 09,24 3 221 153. 746 12 /. 200 294 185,464 143.382 
149 0.000 16i:l.896 222 -15.1. 741'i 127.200 295 185.4'54 143.382 
l':iO 17 .839 167.951 223 8. 356 210,454 296 0.000 247.236 
151 -17.839 167,951 224 -fl. 35-S 210.454 297 19.601 246.458 
152 35.478 165.127 225 25.014 200. 12? 298 -19.'\01 246.458 
153 -)5.478 11'i5. 127 22'\ -25.014 20?. 12? 299 39.078 244.128 
154 52.720 160. 45 7 227 41.515 20'\,488 300 -30,078 244.128 
155 -52.720 110.457 228 -41.515 201'i,4B8 301 58.310 240. 21'i2 
156 l'i9. 37 3 153. 091 no 57.755 202.546 302 -58.310 240. 262 
157 -l'i9,J73 153.00I 230 -':i7. 755 202.54'> 303 77.174 214.983 
158 85.249 145.802 231 73.631 197. 330 304 -77.174 234.303 
150 -1!5.249 145.B02 232 -73.611 107,330 305 95,553 228.025 
160 100.172 135.983 233 fJ9.043 I00,872 306 -05.'>53 ;:>2B.025 
161 -100.172 135.983 234 -fl9.043 J00,872 307 113. 330 210.132 
162 113.974 124.642 235 IOJ.8Q5 183,211 308 113. JJO 2 I\/, 732 
163 -113,974 124.642 236 -103.895 lf!J.2 11 JOO 130.J}J 210,055 
164 126.5()2 111,007 237 II B .093 174.398 31() -130. 303 <'10.055 
I !i5 -126,502 111.907 238 -118.0:,)J 174. 398 311 146.,Sl'\ I00.057 
IM 137.614 07.020 239 I JI .548 164,487 312 - I 46.616 109,057 
167 -I 37 .l'i 14 01.020 240 -131.':i4cl 164.41!7 )13 I'\ I ,?-il'i l'l'i,80':i 
168 0.451 178.459 241 144. I 74 153.540 314 -ll'i 1,056 I 'Vi. 305 

I 
I 
I 
I 
I 
I 
I 

169 -9.451 178.459 242 -144.174 153,':>40 315 I 71'i. 251'i 173.177 
170 28.247 17!i.41'i3 243 15':,,8')3 141 .l'i2!i 311'i 176.2':>'\ 17 3. 377 
I 71 -28.247 176.4'\3 244 ~1'>5.8?3 141.'\26 317 11l0,111'i I ':id.ll5f! 
I 72 46. 7 2 7 172,492 245 1'16.!i 30 128.821 ]If] I fl 9, 441'i I 'Jd,d5>l 
173 -4!i. 1:u 172.492 246 -IM.l'i10 128,821 310 20 I. 4-14 J,1J.JJB 
174 H,'584 166.592 247 0.000 222.295 320 -201.-1-14 143. JJ!l 
175 -64.684 16'5.502 248 I ·1, l'i23 221. 505 321 14.210 2'i'J. I H2 
I 71'i 81.018 158.828 249 - I 7. 62 3 ?21.'>05 32?. -14.210 2'\J, I fl2 
177 -Bl.018 158. f:J28 250 35.136 219,500 323 10. 'J41'i 2',•l. 72'J 
178 98. 2 35 149.288 251 -35.1]6 219.500 .124 -10.01,; 2·>'l. l2i 

I 
I 
I 
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I 
Table C-1 (Continued) 

I HELIOSTAT COORDINATES 

I Heliostat Coordinates Heliostat Coordinates Heliostat Coordinates 

No. X y No. X y No. X y 

I :12s 4,. ~.)')4 ;.?~,.-, .. IO l 3 )1l I 16.216 220.'.J3 I 471 10.071 J3H.:!77 
326 -47.5':>4 2':>0. 19.l 3<J<J -17'i.2 l!i 220.531 4 72 -10.071 33H.271 
327 75.172 240.40/ 40') li-Jl>.:,':>/J 218.642 473 10. I 76 131.070 
32H -75.172 240.491 401 -I 119.5':itl 2 Hl.!i42 474 -30. I 76 ].17.070 
329 01 .093 244.12H 4J2 2:i2.n9 206.97"9 475 50. I 74 334.!iU7 

I 330 -<JI .D )3 ;,,\4,128 4J1 -202.2~9 206.979 4 76 -50.114 334.6H7 
331 100.014 237.151 4:)4 214, 13] I 94.':,U2 477 69.<J95 .lJl.110 
332 - 106. !i 14 231. 751 405 -214.133 I04.':>H2 478 -69.0)5 J11. 110 
3]] 131.893 224. 723 40'i 225.379 IUI .49'i 479 H9.5!i8 32!i.360 
334 -131.8')3 224. 723 407 -225. l70 181.496 4HO -H9.568 ]26. 360 

I 
335 14'>. 100 215.757 4UH 23':>.1'77 167.761:l 481 108,824 320.454 
33i', -14 ..... 100 2 15. 75 7 400 -23':J./ll 167.76H 482 -IOB.824 320.454 
337 150.6)9 20,;. 995 410 Q.074 304,d09 483 127.6Q4 313.412 
33H -159. !i'/0 205.d95 4 11 -9.074 304.U09 4tl4 -127.694 313.412 
339 IHI. I 7 3 I Ill .277 412 27. 100 303. 729 485 146.112 305.261 
340 -181 .173 IH7 .277 413 -27,1?0 303,729 486 -146. 112 30'J.261 

I 341 192.804 175. ;> I 4 414 45,210 301,574 487 164.012 2<J6.029 
342 -102.w,4 ll'J.214 415 -45.210 301,574 488 -164.012 296.029 
34 3 203. 7-;3 162.422 416 63.070 298. 350 489 181. 332 285. 748 
344 -20]. 75 3 l'i2.422 417 -63.070 298. 350 490 -181.332 285.748 
345 B. I 73 274. '>51 41 H 80. 7a6 294 .070 491 108.009 274.455 

I 
34'i -B. I 7 3 274. 551 419 -uo. 7)6 294,070 492 -108,000 274.455 
347 24,491 273.5711 420 98.0':i7 2!l8,748 403 213,0H5 21J2.190 
348 -24,4]1 273,578 421 -98.057 2B8,748 404 -213.0115 2,S2. I 00 
340 40,722 271 .'>37 422 115.060 282,404 495 220.203 248.096 
350 -40. 722 271 .l'i37 423 -115,0'>0 282.404 496 -229.203 248.996 
351 56,8)0 21iH. 734 424 131,6'55 275,059 497 243,609 234,;l;>I 

I 352 -56. 8')0 268. 734 425 -131 .655 275,059 498 -243 • .,,)9 234.921 
35] 72.6?5 264.d78 426 147.7tl5 266,740 499 0.000 35'>,433 
354 - 72 ,6·~5 264.878 427 ,-/47. B5 266, 740 500 17,231 356.011\ 
355 88. 323 260.085 428 163,J?I 257,476 501 -17 .2 31 356.016 
356 -88.323 21'iJ.OrJ5 429 -163.391 257.476 502 46. 278 353. 416 

I 
357 103,638 254. 370 4 30 178,418 247,301 503 -46,278 353,416 
358 -103,638 254. 370 431 -178,41 ti 247,.301 504 6 J, 309 350. 765 
359 1 l8,5d6 24 7. 754 4 32 192,813 236,249 505 -63.JOO 350. 765 
360 -118.586 247. 754 431 -102.81.3 236,249 506 80, I <J2 347,204 
361 I 33.115 240.261 4 34 206.526 224.361 507 -flO. 192 347 .294 

I 
362 -IJJ, 115 240.261 4 J5 -206.526 224 •. MI 50fl 108 • .316 339.'576 
363 147. 171 231,917 436 219.506 211,678 !:>09 - IO>l,316 JJ<J.576 
364 -147. I 71 231,917 4]7 -210.506 211,678 ':,/0 124,'iJ6 333,943 
365 160. 7rJ7 222.752 4 38 231 .710 198,245 511 -124.6)6 333.943 
306 -11\0. 707 222. 752 439 -23 I, 710 198,245 512 140,.,,04 ]21.·,28 
31\7 173.673 212. 707 440 243.0?J 184.110· 513 -14(),0'.)4 327.528 

I 31\8 -173.673 2 12. 797 441 -243,093 184,110 514 IISIS.909 314,937 
360 186,024 202.080 442 0,0J0 321.194 515 11\,S, 9·)9 3 14. '/37 
370 -186,024 202,009 443 19.137 320,625 511\ Ill 1.9!9 3(Vi,500 
371 107,716 190,665 444 -19. ll>7 320.62':i 517 -lfll.OW 3rVi,':>OO 
372 -197.116 190.11\5 445 38,146 31d,921 518 101,'iO 20 7. l41i 

I 
37.3 20fl. 7'.)IJ 17d,5'\6 446 -JO. 146 3Hl,921 519 I <J6. ·543 2''7. 14', 
374 -20'l, 7J8 17d.56<S 447 57,0:iO 316,087 52') 220.1 M 2/l(). 2tJ3 
375 210.?61 115.834 4-18 -57,0':>0 316,087 521 -na. 1 ·)4 ;>tl0,283 
316 -218,061 11\':i ,934 449 75,753 312, 134 5?.:? '.>]3, 4fl7 ;>1\0, 311 
377 0.()00 ;wo.373 450 -75./'53 312. I 34 5;:>.3 -:>IJ.1-J7 ;.>'i'l, 11 I 

I 
I 
I 

378 I 7 .214 2flH.'l60 451 04, I d6 307.074 524 24.,,, 233 257.700 
379 -17.214 288.960 452 -94. 196 307,074 525 246,233 257. 708 
3il0 34.J',7 211 l. 125 45.3 112,297 300,928 526 8,382 375. 452 
381 -34. 3-s7 ;>H 7, .32'J 454 - 112. 2d 7 300.921:1 527 -8.3H2 375.452 
302 51 ,3,)8 2H4. IP 455 129.089 203,715 52A 25. 129 374.704 
JOJ -5 I. l)d 2H4. 772 456 -129,939 293,715 529 -25.1 29 374. 704 
3U4 0H.248 2f.ll .~10 457 147;231 285,462 530 41.821'> 373.209 
3d5 -'>fl, 248 2fll .;> 10 458 -14 I, 23 I 285,462 531 -41.821) 373.209 
3d6 >34.>h5 271,'.52 459 163,952 276. 198 532 58.439 370.971 
J,J7 -il4,IJ':i5 n,,.-s':i2 460 -163.952 276.198 533 -58,439 370.971 
J,PI 10 I. 162 211. 114 461 mo.on 21i5,956 534 74,936 367. 993 
J'.l\l -1()1 .1-',2 211. I 14 462 -180.092 265,956 535 -74.9J6 36/,0QJ 
30'J 117, 111 ;.>M.6 l'i 463 195.594 254. 772 536 91,284 3'>4.282 
]91 - II 7. 111 ;.>M.",I", 464 -195.594 254, 172 537 -91,284 364,282 
] )). I J;.>, 'i 1'> 2"> I. I Ill 465 210,403 242,686 5.38 107,450 359.846 
:l'J l -I 32.'ih 2>:> /.IHI 4M -210.403 242,681', 539 -107.450 J59.841i 
394 14 7, /)0 24:J. !:lJ':i 467 224.4'>7 229.740 540 123.402 ]54,692 

I 
3,1:, -14/,/c)) 24tl, Hl'J 468 -224,4'>7 229,740 541 -123,402 ]54 ,602 
3•)1\ 112,2-iD 2]0,',07 469 237. 736 215.?80 '542 I 30,107 349.8.32 
))7 -162.2'.iO 2.39,'>07 470 -237, 7Jt-, 21':i.9/JO 543 l]0.107 .348.832 
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I 

Table C-1 (Continued) I 
HELIOSTAT COORDINATES I 

Helios tat Coordinates Helios tat Coordinates Helios tat Coordinates 

No. X y No. X I y No. X y 
I 

544 154. 5 l"i 142.27"i 
545 -154.536 142.27,S 
54,S 160. "i51 115. '.)10 I 
547 -1,;o.;;57 'l35.010 
548 184. 440 327. 134 
540 -IH4.440 J;>/.134 
')50 l 9fl. >!55 J l tl.5 77 
55 l - I OIi. d'5'5 31tl.577 I 
'>52 212.014 JOO. lH5 
551 -;.> 12.fl/4 l(J'J.3115 
'j':,4 22,s .4"i0 200. 571 
555 -2;>"i. 4"\0 200.577 
5::,t; 2.1'>.t; I;> ;,,,10.rn 
5?7 -;>J9."il2 ;.>'!'>. 172 I 
'>58 o.:nu Y>':>.'>14 
',59 17.651 395.139 
560 - I 7. 65 I 395.139 
':>61 35.2t;8 393.958 
':>62 -35.268 393.958 I 
':>63 52.814 391.992 
564 -52.U14 391.')92 
56':> 70.255 3H9.244 
566 -70.2'j5 3B9.244 
567 87.555 Jib. 721 
568 -13 7. 555 1B5. 7?.I 

I 
569 104.6,32 181. 430 
570 -104.692 Jfll .430 
571 121 .5?9 376. 378 
572 -12 I. 5?9 376 .• ]78 
573 IJd.275 370.576 I 
574 -138.275 370.576 
575 154.'J75 364.016 
57f, -154.675 31,4. 036 
5 77 170. 767 J5t;. 771 
578 - I 70. 7 6 7 356.771 I 
579 186. 518 348.795 
5UO -186.518 348. 795 
581 201.8?8 340. 124 
5U2 -201.898 340. 124 
583 216. 8 75 330. 775 
584 -216.875 330. 775 I 
585 23 I. 42 I 320.767 
586 -231.421 320. 767 
587 245.:,05 310. 119 
588 -245.505 310. 119 I 

I 
I 
I 
I 
I 
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GENERAL. ELECTRIC 

Appendix D 

ABSORBER LOSS COMPUTER PROGRAM 

A Water/~team Receiver LOSS (WSRLOSS) computer program has been written for the General 
Electric Mark III time sharing system. This program provides a calculation of receiver losses due to 
reflection, radiation and convection. A listing of this program is given in Table D-1 and a variable 
list defining the symbols used in the program is given in Table D-2. 

This computer program, WSRLOSS, is basically a modified version of a similar computer program 
used on two previous DOE contracts: the Alternate Central Receiver Program and the Solar 
Repowering Program. The modifications involved changing those parameters indicative of the work
ing fluid properties. Water/steam is the current working fluid whereas sodium was used in the two 
previous mentioned programs. 

Table D-1 

COMPUTER PROGRAM WSRLOSS 

~'.,IILOSS 0-1/JO/!l I 

100 
110 
120 
I :lo 
1'10 
150 
1110 
170 
!BO 
I CJI) 
200C 
210 
no 
2 .lO 
2'10 
250 
210 
270 
2>10 
2CJO 
JOO 
)10 
120 
J]O 
3'10~ 
J'>O 
Y\0 
370 
380 
JOO 
400 
'110 
'120 
'130 

IJ!Mi=t6! 1>N 05(1-:i,15), ET<l5,15), fNA(15,15l, Tll(l5l, IIN(l5,l'Jl, 
·~ Kf(l5,15l, U(15,15l, 11Hl5,15l, flC(l5,15l, EFP(l':>l, 
& (l!P(I':>), QilP( 15), O..;P(l5l, 1TPC15,15), TT(15,15l 
IIEAL KN, KT, IIIJ 
FILl:IIA'~f: FLUX 
11An re 152 1.1 
DATA f:T /22"J1<Q,o/ 
l>A TA fN/ 1 5*52 I .I 
UATA IJL,IJ,S!r;,Fi'S,ALP!iA /,75,1,72,,1714F.-8,,o,,?5/ 
IJATA ..;1 /0,1\JMU 

'J PIII,'iT, "FLUX PLOT F!LE'iAMF." 
IIEA,J, FLUX 
Pill .'ff, " NU'.~BF.L/ nF 11:1:15, COLU\INS" 
11EA,J, IX, l Y 
Plll,ff, 11 r,IIID IJ!MF.NS!ONS• UX,IJY'' 
11F.I\IJ, IJ)(, UY 
llO IO J = I , I Y 
IIF.A'.) <Fl.UX,500) (·1S([,Jl,J=l,IXl 

10 CONfJNUF. 
I':> Pll!'iT, "All{ Tl;'¾P., CONV. COEFF. 11 

!IF.All, TA, Hf 
20 PIII'ff, "FULL P!HNf <0=5'JMMAIIY,l=+LOSSF.S,2=+CoF.FF!CJENTSl" 

IIFA•l, L 

lJO 160 II = I , 5 
0111 = o. 
01111 = o. 
OC!I = 0, 
IJO r'':>O I 1, IX 
TNA<I.ll <TC+ fN(lll/2, 
I.JO I JD J 2, IY 
TIIA(!,Jl (fNCJ-ll+fN<Jll/2, 

130 CONf!,'ilJf: 

D-1 
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440C 
450 
460 
4 "/0 
4HO 
,ioo 
':JOO 
510 
520 
530 
·,40 
'j'jl) 

':JMJ 
570 
':,'.!() 
L)?{l 

!',[)() 
!',10 
'>20 
':> lO 
':,,!()l; 

':>'J'.) 
f,':,() 

':> 70 
Ml() 
',()I} 

/l)'JC 
710 
72') 
no 
/lfOC 
1",0 
160 
770 
IW) 
/00 
HO'l 
UIO 
>l20 
H 10C 
;J4() 
WJOC 
>J60 
H 10 
IJilO 
800 
Q00 
010 
1)20 
OJO 
941) 
0c;o::; 
()f,0 

1)/Q,.; 
')ij() 

')Q() 

1'100 
1011} 
IV:J 
l\l1') 
101:) 
I 1)5') 

140 

1',0 

ff,() 

Table D-1 (Continued) 

COMPUTER PROGRAM WSRLOSS 

CJIP <I) O. 
QIH-'( I) O. 
OCP< I> O. 
l>O 140 J = 1,IY 
HN( I ,J) = 5'JOO. 
KT< I ,J) = 2'S. 
IJ(I,Jl = llL/HN(I,J)/1} + llL/24.IKf(I,JllrALOG(l)L/'.)) 
lHl,J) = 1./ll(!,J) 
(JT = Cl lr(JS( I,J) lrl-:f( I ,J) k].411F6/ 10. 71iJfi 
TT<l,Jl = f'-IA<l,Jl + HIU<I,Jl 
TTP<I.Jl = fNA(l,Jl + 'Jf/lJ(J,J)/CI 
'Jfl( I ,J) Si'.,*f'l'Slrl)Xk,)YklO, 7':>.11i*C<Tf( I ,J)+'11\1).) UI\ -
is (fA+4',().)dl\)/1.'111FI\ 
OC(J,J) = Hf*l),(1r,)Y*l'l.Vi1">*<TT<I,J)-fA)/l.411t°li 
l'T(l,J) = Al.PIH - (ll(I.J)+lC(l,J))/,Y;(I,J)/IJX/JY 

OIP(I) =OH-'(!)+ ClS<I,Jl*DX*llY 
ORP<Il = JIIP(ll + Qll(I,J) 
OCP(Il = •1CP(Il + OC(l,J) 
CON fl NUf: 

FFP<I> = ALPHA - (ORP<l)+OCf'(l))/CllP<l> 
0 l II = ()111 + Cl IP ( I l 
fJIW = Ill/fl + Dill-'( I> 
OCR= OCR+ OCP(l) 
CON[( NUt° 

ORff = (1,-ALPIJA)kQifl 
t°FR = ALPHA - (ORR+OCR)/O!R 
Co'-1 fl .~Uf: 

Pfll,ff 510, om. lRR, QCR, ClRf'F, ffll 
P!II ,ff 520 
PRI,H 530, (J,<)IP(I),QRP<I>,OCP<Il,l:FP(ll, I=l,!X) 
Pill ,ff 540 
P!llfl- 5">0, <CTf<l,Jl, l=l,!X>, J=l,IV> 
PIH,ff 560 
PR!,H 570, ((f'f<l,J), !=1,IX>, J=l,!Vl 
I F ( L • EU. 0) Sil TO 200 

PAU'>f' 

Pfl!H ':illO 
P!ll1H 'JQ0, CC (JS( I ,JJ, I =l, IX>, -!,,= l, IV> 
PRjH 1\00 
Pfl!,H 570, C rn.~ < I ,J>, I= l, IX), J=l, IV> 
PIII,H 620 
Pf-Iliff 570, ((l)C(I ,Jl, I= I, IX), J=I, IV> 
P!/ I ,ff 720 
Pf/I .Jl 550, ( <TTP < I , J l , I= l, IX>, J= l, IV> 
IF <L .f:Q. I l GD TD 200 

PAU'if' 

PHI,ff MO 
Pf?I,ff 5'>0, C(H!IC!,J), I=l,!Xl, J=l,IY> 

PH!Nf 680 
Pl1!.llf 550. ((IJ([,J), I=l;Ix>. J=l,IY) 
Plll1~ r 700 
PH[:H /10, «Kf!I,Jl, !=1,JX>, J=l,JY> 
PIIUH 'i10 

1')6') 21)() 
!070,.; 
IO!JO 

P1IItH 5':J'l, ((T'IA(l,J>, !=1,IX>, J=l,!Y> 
C<l'JT!N\Jf: 

PllliH, 11 COlff['ilJ" l fl:tlAf[ON? (YI''.;= I ,IJ!J=O)" 
RHI!, I.I I ')9:) 

1100 
1110 
I I ?.-'J 
1130 

IF <LI • HJ. l l r;o fO 20 
Pf/INT, "SA.'ff FLIJX, 'IF.W AI.IHIF.NT DAfA? <Yf'S=l ,NO=O)" 
f/1-'All, L2 
IF <L?. .f''.l, I l r;o TD 15 
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1141) 
115') 
I I i'i') 
I I 70C 
llf!Q 500 
I 19/J 510 
1200 
J:21() 
1220 
1230 
1240 
1250 520 
l2'i0 
127'.J 
I 2HO 530 
I 29•J 540 

30'.) 55() 
Jl'J 560 
32') 510 
JJ') 5tl0 
340 590 
]50 600 
.11>0 IS20 
.370 640 
JtFJ IS">IJ 
190 
40') 6HO 
4 l'.J 7')0 
42') 710 
410 720 
44') 
450 

Table D-1 (Continued) 

COMPUTER PROGRAM WSRLOSS 

PRINf, "Sl"ARr OVf-:R Wlfil NF.'f/ FLUX PLOf? <YES=l,,IO=Ol" 
RFAU, U 
IF < L3 • F.O. I l ,,o f() 5 

FO.-HIAT 
FOt!MAT 
R. 
R. 
& 
& 
& 
Fo•?MAT 
& 
& 
FoqMAT 
F01lMAT 
F<HMAT 
FOllMA f 
FOflMAT 
l"<>t!IAAT 
FOilMAT 
FOi1MAT 
F01fMAT 
FO,I.MAT 
FO-IMAT 
R. 
FOt!MAT 
FOilMAT 
F<HMAT 
F0il"1AT 
ST'JP 
f'N J 

C4X,l3F7,4l 
C IX,"llF.CF.IVl-:R SlJM,',IAIIY 11 ,/ 

IX, 11 !,\JClilf'NT =",F8.2," "11'1 11 ,/ 

IX,"RAIJ, LOSS = 11 ,FB.2, 11 MW",/ 
IX,"C'lNV, LOSS = 11 ,F8,2, 11 1411 11 ,/ 

IX,"Rf-:FL, LOSS = 11 ,F8,2," Mf/ 11 ,/ 

IX,"1-:FFIC!ENCY = 11 ,F6.4,/, 11 0 11 l 
C IX, "PANF.L", l5X ," INCIUF.NT", 2X, "RAD! ATION", 2X, 

11 C!JNVECT!ON", 2X, 11 1-:FF I Cl ENCY" ,121 X, "MW" ,BX, 
lf,~1,111, QX, IIMWH) 

C IX,12,IAX,FH.J,2X,F8.3,JX,F8.3,4X,F7,4l 
C//,IX,"OUTSIIJF. TUBE TE-IIPERATIJRF.S <UF.G. Fl",ll 
<IX, I JF8. I) 
(//,IX,"tMDF. El"HC[f:NCJES (P,U.l",/l 
(IX, IJl"ll. 4) 
(//,IX,"INCIDF.NT FLUX CIIW/~Q.Ml 11 ,/l 
C IX, IJF8.4l 
(/1,IX,"RAOIAflON UJSS (MWl",ll 
(//,IX, 11 C'.lNVF.Cf!ON LOSS 01''1)",/l 
C//,IX,"FLUIIJ NOUF. fF.Mi->1-:RATIJRf:S ([)Er;. Fl",ll 
C//,IX,"FLIJIIJ llf:AT rRANSFEtl COEFF!<.:IF.NTS 11 , 

"< • TU/HR-F-FT**2)",ll 
<//,IX, 11 T'JfiE C01HJIJCTANCF. <HTU/Hfl•F*l-'T**2 l 11, /l 
(//,IX, 11 TIJHF. 'IALL l:O,\JlJIJCT!VITY CHTU/HR*l"*FTl",/J 
(IX, I 31"7. I l 
(l/,IX, 11 Pf:AK flJL!F. n:,\IPF.IH.TllflF. (DF.1). Fl 11 ,/l 
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ALPHA 

CI 

D 

DX 

DY 

EFP(I) 

EFR 

EPS 

ET(l,J) 

HN(l,J) 

HT 

KT(l,J) 

QC(l,J) 

QR(l,J) 

QS(l,J) 

QCP(I) 

QCR(I) 

QIP(I) 

QIR 

QRP(I) 

QRR 

SIG 

TA 

TC 

TH 

TN(I) 

TNA(l,J) 

TT(l,J) 

u (l,J) 

Table D-2 

VARIABLE LIST FOR ABSORBER LOSS PROGRAM 

absorptivity 

heat flux factor to account for two dimensional tube wall 
conduction 

tube i.d. 

node width 

node length 

efficiency of column i 

efficiency of receiver 

emissivity 

= efficiency of node i,j 

fluid side heat transfer coefficient 

air side convective heat transfer coefficient 

= tube wall thermal conductivity 

convection loss from node ij 

radiative loss from node ij 

incident solar flux on node i,j 

convective loss from column i 

= radiative loss from column i 

= incident power on column i 

solar incident power on receiver 

reflective loss on column i 

reflective loss from receiver 

= Stefan Boltzmann Constant 

= ambient air temperature 

= fluid inlet temperature 

= fluid outlet temperature 

fluid temperature at outlet of column i, TN(O) = TC 

average fluid temperature in node ij 

average tube wall temperature in node ij 

tube conductance at node ij 

D-4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PHI.ADEI.PHIA. PENNSYLVANIA 

IENEIAL - EU CTI IC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


