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SECTION 1 
EXECUTIVE SUi4MARY

This executive sionunary presents the programmatic, technical, and 
economic results of £1 Paso Electric Company's (£P£) Newman 
Unit 1 Advanced Solar Repowering Program.
1.1 BACKGROUND
The development of solar thermal power system technology tor 
utility applications is an important and necessary outgrowtn o± 
the United States* desire to reduce its usage of convent-ional oil 
and natural gas fuels in the generation of electrical energy.
The U.S. Department of Energy (DOE) Solar Thermal Program has had 
the overall goal or providing the technological and industrial 
hase that is required to progress towards the commercialisation 
of promising solar thermal technologies. Solar repowering
existing gas and oil fueled power plants utilizing the central 
receiver coiicept has heen identified as the most promising 
near-term application of this technology, and commercially solar 
repowered units are expected to be cost effective alternatives.
The Newman Unit 1 Advanced Solar Repowering Progrcim was tunded by 
DOE for the period of September 30, 1!*81 to May 10, l;»6z. ine
principal objective or this most recent effort was to refine the 
Baseline Conceptual Design developed in 15*79-80 under DOE
Contract No. DE-AC03-79-SF-10740 for solar repowering Newioan 
Unit 1. This previous conceptual design study effort identiiied 
that the solar repowering conceptual design and tne water/steam 
technology selected for Newman Unit 1 would be cost-etfectj.ve 
under certain tuture circtunstances such as when heliostat costs 
are reduced through mass production.
A refined conceptual design was developed in this Advanced
Program with improvements and additional information available
since the previous study. Indications are that with the
application of innovative financing, risk sharing by equipnent
suppliers, and cost sharing ny state and federal governments,
construction and operation of a solar repowered Newiaan Unit 1 can 
be cost effective. This design has the potential tor
construction and operation by 1986, making use of tJne most
advanced solar thermal technology, and providing the best
economics for this application. An artist's concept of solar
repowering Newman Unit 1 is shown in Figure 1.1-1.
Solcur repowering consists oi modifying an existing unit to employ 
solar energy as an alternate heat source. The solar repowering 
concept utilizes central receiver technology and consists of the 
addition of a solar collector field, a central receiver (soiar 
boiler superheater and reheater), and possibly a thermal energy 
buffer storage subsystem to existing generation facilities; the
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integration of the solar Hardware with the existing svstems; and 
appropriate modifications to the existing unit. The ability to 
operate on fossil fuel is retained, thus providing full bacKup 
capability and maximum operational flexibility during periods of 
inclement weather, at night, or aurinq power canergencies. The 
potential for conventional electric power generation is 
completely retained, thus eliminating the need for costly energy 
storage systems.
The specific objectives of the Advanced Solar Repowering 
Conceptual Design Program were to review recent accomplishments 
in the Department of Energy (DOE) Technology Development Program, 
including component/subsystenjs data and operational experience at 
the Central Receiver Test Facility (CRTF) and the Barstow Pilot 
Plant; to select appropriate developments for incorporation into 
the conceptual design; to prepare a refined conceptual design; to 
establish performance of the refined design; to update cost 
estimates; and to reaffirm economic attractiveness of soiar 
repowering Newman Unit 1.
The Advanced Solar Repowering Program objectives were 
acccxaplished using a work breakdown structure defining two ma^or 
tasks: Task 1100, Refined Baseline Conceptual Design; and TasK
1200, Program Management. Subtasks for Task 1100 are as follows:

Subtask 1110 - Assessment of Tecnnology Aavanceraents
Subtask 1120 - Functional Requirements
Subtask 1130 - Engineering Diagrams/Drawings
Subtask 1140 - Operating Modes
Subtask 11SO - Performance Estimates
Subtask 1160 - Economic Analysis

EPE, continuing as prime contractor, had overall responsibility 
for conducting this program including program defiiiition, cost 
and schedular control, utility interface derinition, and utility 
operations. EPE was supported directly oy two subcontractors; 
Stone & Webster Engineering Corporation (SWEC) and Westiiighouse 
Electric Corporation (wEC). Babcock 6 Wilcox Company (BaW) was a 
svibcontractor to SWEC.
SWEC continued to provide arcnitect/engineer services that 
included the refined conceptual design of solar repowered Newman 
Unit 1, cost estimating in support of the economic analysis and 
demonstration program, evaluation of environmental concerns, 
preparation of preliminary specifications for solar equipwexit, 
and construction planning for the s\ibsequent demonstration 
program. SWEC was the architect/engineer for Ne%«man Unit 1 and 
is familiar with the design of the unit and site-related working 
conditions. In aadition, SWEC had subcontract support from B8W 
for the purpose of refining the receiver conceptual design.
WEC*s Advanced Energy Systems Division continued to be 
responsible for project integration eind refining the solar
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subsystem design including heliostat field layout, performance 
modeling, receiver flux interface, safety analysis, analysis of 
economic and network impacts and assessments, and program 
planning for tha demonstration phase of the project.
DOt, as project funding agent, provided contractvial and technical 
progrcim guidance. Contractual communication was through DOE»s 
San Francisco Operations Office (DOE-SAN) and technical guidance 
was provided by Sandia National Laboratories-Livenuore as well as 
DOE—SAN. The progrcunmatic and technical experience ot these 
organizations with respect to solar power generation was 
recognized and utilized by EPE in the course of accomplishing 
this program.
EPE was also supported by the Texas Energy and Natural Resources 
Advisory Council; the Regional Development Division, Office of 
the Governor of Texas; and the Public Utilities Commission ot 
Texas. Tnese agencies provided assistance in identifying and 
defining the institutional and regulatory barriers, and pxibiic 
issues associated with solar repowering. In addition, EPE 
continued the Southwest Solar Repowering Utility Advisory Council 
consisting of 29 members representing investor-owied, ravinicipal, 
state, federal, district, and rural electric cooperatives. The 
council provided an assessment of the program results from a
broad utility perspective and also provided a means tor early 
dissemination of the results to other utilities. The Utility
Advisory Council's role in maintaining the interest in soiar 
thermal repowering as a viable power generation option and the 
ability or EPE and its team to maintain a wlaespread level ot
interest and technical/economic knowledge of solar thennai
repowering in the Southwest is considered an Important adjunct to 
the DOE repowering program. Members ot the Advisory Council are 
included in Table 1.1-1.
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TABLE 1.1-1

1982 SOUTHWEST SOLAR REPOWERING UTILITY 
ADVISORY COUNCIL

Investor Owned Systems
Pacific Power 6 Light Co.
New Mexico Electric Service Co.
Public Service Company of New Mexico 
Central Telephone & Utilities Corp.
Utah Power 6 Light Co.
Georgia Power Co- 
Dallas Power 6 Light Co.
Texas Electric Service Co,
Texas Power & Light Co.
San Diego Gas & Electric Co.
Southern Californxa Edison Co,
Oklahoma Gas & Electric Co,
Tampa Electric Co.
Puget Sound Power 6 Light Co.
Gulf States Utilities Co.
Nevada Power Co.
Florida Power Corp.
Florida Power & Light Corp.
Southwestern Public Service 
Public Service Co. of Colorado

Municipal Systems
Garland Electric Dept.
Lubbock Power 6 Light Dept.

Federal and District Systems
Salt River Project Agricultural Improvement & Power Dist. 
Comision Federal De Electricidad 
Imperial Irrigation District

Rural Electric Cooperatives
Arizona Electric Power Coop.
Colorado Ute Electric Assn. Inc.
Brazos Electric Power Coop. Inc.
Western Farmers Electric Coop.

1 of 1
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1.2 SITE DESCRIPTION
The £1 Paso region is in the zone of highest solar insolation in 
the nation* which facilitates year-ronnd research* developoient* 
and demonstration of solar energy applications. The annual 
variation of solar insolation in the £1 Paso region is also the 
lowest in the nation. EPE has three local electric generating 
stations in the region: Rio Grdnde Station (Mew Mexico)* along
the Rio Grande River west of the PranJclin Mountains; Copper 
Station (Texas)* near the major industrial area in southeastern 
El Paso; and the Newman Station (Texas) near the Texas/New Mexico 
border on the east side of the FranXlin Mountains. The location 
of Newman Station is illustratea in Figure 1.2-1.
Newman Station is located in a rural area at the north end and 
within the city limits of the ciry of El Paso* 24 km (15 miles) 
northeast of the aowntown area* and 19 km (12 miles) from the El 
Paso Solmer weather station. There are no commercial buildings 
within a 3 km (1.8 miles) radius and only one residence* a ranch 
which IS located outside the proposed site boxmdary. Annual mean 
weather data show an average temperature of 17.4®C (64.4o f>* 
average precipitation of 19.8 cm (7.8 inches)* average sxmsnine 
of 3*583 hours (83 percent of possible sunshine)* and direct 
normal insolation for the typical meteorological year of 
7.26 kW-hr/^2-^ay. Average wind speed is 4.24 m/s (9.5 mph) from 
the north and mean sky cover (tenths) is 3.8* sunrise to sunset. 
Figure 1.2-2 is an aerial photograph of the NeMnan Station 
showing the proposed collector field area to the north.
Newmem Station consists of four electric generating units rated 
at a total of 464 MWe. Newman Unit 1* the unit selected for 
solar repowering* is an 82 MNe (net) tandem-compound* double
flow* reheat steam turbine built in 1960 for baseload duty using 
natural gas as the primary fuel. The unit is designed to burn 
residual fuel oil for short periods of time if the gas supply is 
interrupted. The luiit is currently operated as an intermediate 
load unit; the 1981 capacity factor was 25 pcnrcent. Figure 1.2-3 
is a photograph of Newman Units 1-4.
The Newman site* surroxinded by over 14 krâ  (3*500 acres) of 
available public lana, is nearly flat with a downward slope of 
approximately 1 percent from west to east, ^ e  laiid to the north 
of the station is owned by the El Paso Water Utilities Public 
Service Board* and the Board agreed in a public meeting held 
April 25* 1979 in £1 Paso to make the land available for the 
demonstration phase of the project.
The site is in the Tularosa Basin* bounded by fault block 
mountains to the east amd west* with 300 to 600 m (1*000 to 
2*000 feet) of underlying sediments. El Paso does not experience 
any significant earthquake activity* and no earthqxiakes of 
intensity 4.5 or larger on the Richter Scale have been recorded 
within 160 km (100 miles) of the site.
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Solaz repowerxng will have a beneficial impact on air quality 
since it will displace the use of fossil fuels and reduce the 
resultant pollutant emissicms. The air quality mcmitoring vuiit 
nearest Newman is in downtown Paso. Although tl Paso air 
quality is in violation of ambient air quality standards for 
several pollutants, air quality at Newman Station is in 
con^liance. There is no surface water at the site; however, 
water is plentiful from nearby wells. There are no Known mineral 
resources or unique geologic/landform features on or near the 
site. Minor archaeological findings have been identified on tlxe 
proposed site. No environmental constraints or safety hazards 
have been identified that would preclude the construction of a 
solar repowered unit at the Newman Station.
The site IS accessible by road from all directions, and a freeway 
is being completed with a major interchange planned 6.4 Km 
(4 miles) froia the generating station. A railway siding is 
located 9.6 kro (6 miles) to the southeast. Newman Station is 
near, but not directly beneath, two Federal airways. Some 
aircraft frcrni si Paso International Airport as well as some 
military aircraft froia Biggs Field fly over and south of the 
power station at altitudes normally greater than 1-2 
(4,000 feet) . Prelifflincury discussions with the Federal Aviation 
Administration have not identified any constraints that would 
preclude the construction and operation of the solar repowezed 
Newman Unit 1.
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1.3 PROJECT SUMMARY
The principal objective of the Newman Unit 1 Advanced Solar 
Repowering Program was to refine the Baseline Conceptual Design 
for solar repowering Newman Unit 1 that has the potential for 
construction and operation by 1986, making use of the latest 
advances in solar thermal technology and providing the best 
economics for overall unit application.
El Paso Electric Company (EPE), in a DOE-funded program, has 
reviewed recent accomplishments in the DOE Technology Development 
Program, incorporated selected developments into the conceptual 
design, prepared a refined conceptual design, analyzed che 
performance, revised the economics, and prepared a development 
plan for solar repowering its existing, gas-fueled Newman Unit 1.
The effort of this current program concentrated on major 
improvement and documentation of the receiver subsyst«n, the 
incorporation of a generic heliostat comparable to those 
presently available, and design changes and economic assumptions 
reflecting the desires of EPE. The characteristics of these 
changes and assumptions between the previous conceptual design 
and this advanced conceptual design are listed helow:

Design Conceptual Design Advanced Conceptual
Characteristic -July 1980 Design-April 1982
Design Basis 41 MWe Annual Minimize Capital

Average Output Investment
Reference Time Noon Summer Solstice Noon Winter

Solstice
Repowering Frac- 50 50
tion (*)
Lifetime (yr) 30 30
Insolation Level 0.95 1.0
(kW/m2)
Insolation Source TMY TMY
Heliostats Operat- 100 99
lonal {%)
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Field Configu
ration
Heliostat Area 
(1,000 mŝ )
Number of 
Heliostats
Primary Receiver 
(m X. m)
Reheat Receiver 
(m X m)
Number of Towers
Primary Receiver 
C/L (m)
Reheat Reveiver 
C/L (m)
Heat Flux 
Constraint

Type
Reflective 
Area (m^)
Aspect Ratio
Reflectivity

Clean {%)

Annual {%}

Dimensions 
(m X m)
Installed Cost ($/m2)

Solctr Subsystem
North Field 
(160® Arc)

211

2,776

12.6 d X 15.7 h - 
240® Arc
12.6 d X 15.7 h - 
210® Arc

1

155

139

Flux Limit

Heliostat 
(W> Second Generation

81.8

1.5:1

90
90

7.6 X 11

230

North Field 
(160® Arc)

171

2,998

11.6 d X 15-8 h - 
210® Arc
14.5 d X 13.1 h - 
210® Arc

1

155

U O

Variable Flux 
Profile

Generic
57

1:1

92
90

7.9 X 7.9

198

The EPE system has a rotal generating capacity of 974 MWe. There 
is sufficient land available to apply solar repowering to all EPE 
gas- and oil-fired units, v^ich represent 863 MWe or 89 percent 
of the total system. EPE selected its Newman Unit 1 for the
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solar repowering dCTionstration program for the toiiowxng reasons: 
(1) widespread market potential exists for solar repowering of
reheat steam turbines similar to Newman Unit 1; (2) more than
14 km* (3,600 acres) of unencTOinbered, flat land is availeUsle
adgacent to the Newman Station; (3) the remaining economic life
of Newman Unit 1 favors dispatch of the solar repowered unit 
relative to the balance of the EPE system; (4) no apparent major 
institutional or environmental constraints exist; and (6) the
operating history of the Newman Unit 1 turbine-generator has 
demonstrated the capability to sustain severe cyclic operating 
conaitions that could result from solar application.
Newman Unit 1 has an 82 MWe (net) tandem-compound, double-flow, 
reheat steam turbine. It was built in I960 ror baseload duty
using natxiral gas as the primary fuel (oil as the alternate fuel
source). The Allis-Chalmers turbine-generator utilizes
10.1 MPa/538®C (1,450 psi/l,000OF) main steam and 3-0 MPa/538®C
(425 psia/1,000®F) reheat steam to the intermediate stage. The

natural convection boiler is rated at 254,240 kg/hx 
(560,000 lb/hr) and has a pressurized water-cooled radiant 
furnace, a two-stage drainable type superheater, and a drainable 
reheater.
The conceptual design for solar repowering Newman Unit 1 is 
illustrated in Figure 1.1-1. This design utilizes an advanced 
water/steam central receiver technology to provide main steam to 
the high pressure stage and reheat steam to the intermediate 
stage of the turbine-generator. Fossil energy is used to 
supplement solar generated steam for intermittent cloudy day
operation and for economic dispatch-
EPE selected a solar repowering fraction of 50 percent for this 
demonstration unit as the appropriate size considered acceptable 
to adequately demonstrate the engineering, operating, and 
maintenance aspects of solar repowering. There is little
economic incentive for considering higher repowering fractions 
for a demonstration unit.
The solar subsystem is sized to provide 41 MWe (50 percent 
repowering) at noon winter solstice based on a direct insolation 
level of 1,000 watts/m*. A 160-degree north heliostat field 
consisting of 2,998 heliostats (57 m* each) is utilized in the 
design. A single tower supporting tfie primary and reheat
receivers, total neight of 167 m (548 teet), is located adjacent 
to the turbine building of the unit. The primary receiver design 
is a drum type boiler with pumped recirculation using an external 
screened tube concept with eight panels and is based on 
conventional utility boiler technology utilizing standard boiler 
materials. The reheat receiver is moxuited underneath and 
adjacent to the primary receiver. The reheat receiver utilizes 
T6 panels of vertical tubes, with special provision tor steam 
mixing between panels.

1.3-3



The existing boiler and turbine-generator control systems are 
modified to accommodate the operating characteristics of the 
solar subsystem. In addition, the turbine-generator will have 
been modified in 1983 to permit cyclic duty operation consistent 
with peaxing requirements.
The capital cost for this •• first-of-a-kind* research 
demonstration unit is estimated at 136 million dollars (eiid-of- 
1986 dollars), allowing 8 percent for material and laoor 
escalation from 1982. Also, an allowance for funds used during 
construction is inclxjded at 13.5 percent. This capital <x>st 
estimate is discussed fiirther in Section 1.4. Anticipated 
operating and maintenance (06M) costs (excluding fuel) for the 
first year (1987) have been projected at 1.84 million dollars, 
using 1981 estimates with 7 percent escalation. The initial 
operation of the lû it can commence in late December 1986, 
assuming a typical utility-oriented design and construction 
program is initiated by the fall of 1982.
The solar repowered unit will displace the oil equivalent of
100,000 barrels in gas and coal per year and will yield a 
cost/value ratio of 2.27 for a gas escalation rate of 1 percent 
for the •‘first-of-a-kind“ demonstration unit. Based on mass- 
produced heliostat costs, a commercial unit is expected to have a 
cost/value ratio of less than 1.0 and be cost competitive with 
similarly sized coal-tired alternatives.
The EPE team believes the conceptual solar repo%#ering design 
developed for Newman Unit 1 is not only technically feasible, but 
also relatively economically attractive tor a "first-of-a-kind” 
demonstration unit. The costs that have been used are realistic 
and system benefits have been assessed in a conservative economic 
analysis. The design utilizes conventional warer/steam 
technologies familiar to the utility industry in general and to 
power plant operators of existing water/steam units specifically. 
Further, the water/steam technology has been well-proven and has 
an excellent probability of being built on schedule and within 
budget. The design satisfies requirements of being a significant 
demonstration of solar repowering, simple and operable with very 
nigh reliability and assured performance. El Paso Electric 
Company is convinced tnat demonstrating the feasibility of using 
technologies familiar to utility operators is a prerequisite to 
initial utility acceptance of solar repowering as a viable energy 
option.
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1.4 CONCEPTUAL DESIGN DESCRIPTION
Several unique design features distlngtiish solar repowered Newman 
Unit 1 as an ideal solar tnermal repowerii:ig application. Ttiese 
include the use of advanced water/steam receiver technology based 
on conventional drum-type boiler experience; close proximity of 
the receivers and tower to the turbine building; a control system 
that primarily utilizes conventional control philosophy; ics 
location in the area of highest direct insolation in the country; 
and the demonstration of solar repowering a reheat steam turbine 
unit.
The advanced conceptual design tor Solar Repowered Newman 1 {see 
Figure 1.1-1) utilizes water/steam central receiver technology to 
provide main steaia to the high pressure stage, 10.1 MPa/538®C 
(1,465 psia/1,000°F), and reheat steam to the intermediate stage,
2.93 MPa/538®C (425 psia/1,000°F), of the turbine-generator.
Fossil energy is used to supplement solar generated steam for 
intermittent cloudy day operation and for economic dispatch. 
Important project and design information is suamarized in 
Table 1.4-1, Conceptual Design Summary Table.
Figure 1.4-1 is a simplified flow schematic of the concept. The 
principal solar/fossil interface between the existing Newman 
Unit 1 and the solar subsystem consists of (1) steam piping 
interface from the solar (both primary and reheat receivers) and 
the fossil steam generators, (2) teed%«ater piping interface to 
the solar and fossil steam generators, (3) control interface, and 
(4) power supply interface to the heliostat field, primary and 
reheat receivers, valves, and pumps.
Steam generated by the primary solar receiver is mixed with the 
steam provided by the existing fossil steam generator prior to 
admission to the high pressure and intermediate stages of the 
turbine. Attemperation of the fossil and solar generated steam 
ensures that steeim temperatures are maintained within turbine 
design limits. Solar generated steam is provided based on 
insolation availability. Fossil steam generation replaces any 
steam flow reduction due to intermittent cloud cover and for 
economic dispatch when required.
The feedwater supplied to each steam generator matches the steam 
flow and pressure requirements of each stibsystem by means of a 
coordinated control system. The control system of the existing 
unit is modified and interfaced with the solar system through a 
master control system.
Figxure 1.4-2 snows the site arrangement for the advanced 
conceptual design. The heliostat field is located ro the north 
of the unit. Existing transmission and natural gas pipeline 
rights-of-way transect this field location. The receiver tower 
is as close as possible to the turoine buildiiig to minmaze 
feedwater and steam piping distances. Transmission lines will be
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relocated and pipeline rights-of-way wrll be m«iintainea as 
exclusion areas.
The collector siibsysttan consists or a 160-degree array of 
heliostats. The 2998 heliostats eiaployed in the collector field 
are similiar to second generation heliostats shown in figure 1.4-
3. A glass reflective surface area of 57 (613.5 ft*), an
aspect ratio of 1:1, and a clean reflectivity of 92 percent were 
selected as characteristics of the class of heliostats tnat will 
be available in the mid 1980*3 for solar repowering applications. 
A specific heliostat design will be selected during the 
preliminary design phase in order to benefit from the latest 
design innovations cind cost reducing features.
The receiver subsystem provides a means of transferring the 
incident radiant flux energy from the collector subsystem into 
superheated steam. The receiver subsystem consists of primary 
and reheat receivers (Figure 1.4-4) to intercept the radiant flux 
reflected from the collector subsystem, a single concrete tower 
structure to support the two receivers, and associated feedwater 
and steam piping. The external central receiver concepts 
(primary and reheat) are based on the water/stecim p\nnped 
recirculation central receiver technology developed by B6W. The 
receiver subsystem also includes the pumps, valves, and control 
system within the tower structure necessary to regulate flow, 
temperature, and pressure; and the required control system 
components necesseary for safe and efficient standby, startup, 
operation, and shutdowri.
The control subsystem is used to sense, detect, monitor, and 
control all system and subsystem parameters necessary to ensure 
sate and proper operation of the entire integrated repowered 
plant. The control subsystem consists of computers, peripheral 
equipnent, control and display consoles, control interfaces, and 
software.
The fossil boiler subsystem provides a xossil energy source that 
is used to enhance performance and/or maintain normal unit 
operation during periods of reduced or no insolation. The fossil 
boiler subsystem consists of the existing Newman Unit 1 fuel 
storage, fuel handling, boiler, and related equipment. It also 
consists ox additional fuel supply, fuel storage and transfer 
facilities, pumps, valves, and control system necessary to 
regulate flow, temperature, and pressure; and the reqxiired 
control necessary for safe and efficient standby, startup, 
operation, and shutdown of the fossil boiler subsystem (including 
air quality control equipment). Essentially all the existing 
Newman Unit 1 remains after being repowered with a solar steam 
supply system.
The electrical power generating subsystem (EPGS) provides the 
means for converting to electrical power the solar thermal input 
at the receivers and the chemical energy in fossil fuels from the
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fossil boiler subsystem. The output from the £PGS Is regulated 
tor Integration into the El Paso Electric Company system networJc. 
The fcPGS consists of the existing balance-of-plant equipment at 
Mevmian Unit 1, and the piping and related equipment required to 
interface with the receiver subsystem.
The estimated construction cost tor solar repowered Newman Unit 1 
is approximately 136.4 million dolleurs (December 1i*8b dollars) . 
This estimate assumes repowered unit operation by the end of 
1986, and includes direct costs, indirects, distributables, 
escalation, contingency, allowouace for funds used during 
construction, and owners* costs. h. breakdown of project 
construction cost is given in Figure 1.4-5.
Operating and maintenance costs for solar repowered Ne%«nan Unit 1 
are estimated to be approximately $1.84 million per yeeir in 
December 1986 dollars, or about 1.4 percent ot the total capital 
cost annually.
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TABLE 1.4-1
CONCEPTUAL DESIGN SOMiAARY TABLE

1. Prime Contractor:
El Paso Electric Company

2. Major SuOcontractors:
Stone 6 Webster Engineering Corporation 
Babcock 6 Wilcox
Westinghouse Electric Corporation

3. Site Process:
Electric power generation

4. Site Location:
24 km (15 miles) northeast ot downtown El Peiso, Texas 
and 1^ km (12 miles) from El Paso Solmet Weather 
Station

5. Design Point:
Noon winter solstice
50 percent repowering tor an 82 MWe rinit

6. Receiver:
Receiver Fluid: Water/steam
Configuration: External, superheater tubes

screened by boiler tubes
Type/Elements:

Primary receiver with preheater, forced 
recirculating boiler, and superheater
Reheat receiver

Output Fluid Temperature:
Primary receiver: 549<»C (1,020®F)
Reheat receiver: 549®C (1,020®F)

1 of 3
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TABLE (Cont)

Output Fluid Pressure:
Primeu:y receiver: 10.1 MPa (1,465 psia)
Reheat receiver: 2.93 MPa (425 psia)

Size:
Primary recexver: 15.8 m high x 11.6 m dia. x 210®
Reheat receiver: 13.1 m high x 14.4 m dia. x 210®

7. Heliostats:
Number:
Effective Mirror Area: 
Direct cost:

Type:

2,998
171,000 m* (57 m* per heliostat) 
$33,856,000 (19u2 dollars) 
based on heliostat costs ot 
f198/m* (based on expected 
heliostat market)
Second Generation 
Heliostat
North fxeld/160® cuigleFxeld Confxguratxon:

8. Energy Storage:
None

9. Total Project Cost:
$136,400,000 (December 1986 dollars)

10. Construction Txme:
51 months (includes design, installation, 

checkout, and startup)
11. Solar Plant Contribution at Design Poxnt:

41 MWe (net)

2 of 3
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TABLE 1.4-1 (Cont)

12. Solar Fraction - Anntial (including economic dispatch) :
47 percent lifetime average

13. Annual Fossil Energy Saved;
3,000,000 barrels oil equivalent over 30-year period. 
Amount of energy displaced varies substantially from 
year to year; the average annual equivalent is ajjout
100,000 barrels.

14. Type of Fuel Displaced:
11 X 10»2 Btu Gas 
7 X 1 0 Btu Coal

15. Annual Solar Energy Produced: 159,500 MWht
lb. Ratio Annual Energy Produced : 0.93 MWht

Total Heliostat Mirror Area m*
17. Site Insolation:

Annual Average Daily Direct Normal Insolation:
7.26 k.Wh/m2

Source: Solmet Weather Tapes tor El Paso, Texas
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1. 5 SYSTEM PERlfORI-lkNCE
Solar repowered Ne’<«nan Unit 1 can produce electrical power using 
steairt generated from solar energy, fossil energy, or any 
combination ot the two over a broad range of loads. Dvucxng 
hybrid operation, feedwater is split and delivered to both the 
solar receiver ana fossil boiler. High pressure superheated 
steam is then generated in the priiaary solar receiver and 
combined with the steam from the tossil boiler/superheater and 
delivered to the high pressure steam turbine at 10.1 îPa (1,465 
psia) and 538°C (1,000‘»F). After expansion through this turbine, 
the steam is again split between the solar and tossil reheaters. 
The steam is reheated and introduced into the intermediace 
pressure turbine at 2.93 MPa (425 psia) and 538®C (1,000»»F).
The solar collector field and receivers are sized to supply steam 
in sufficient quantity and quality to produce a net electrical 
output power of 41 MW (50 percent repowering 62 MW net total 
output) vdien operating in tne hybrid, or combined soiar/tossil 
mode at the design point of noon winter solstice. The collector 
subsystem design is based on a direct normal insolation ot
1000 W/ta^.
The solar repowered unit perforn^nce characteristics are
summarized in Table 1.5-1 for the noon winter solstice design 
point. Figure 1.5-1 is a stairstep system efficiency chart at 
the design point that identifies the various component 
efficiencies which contribute to the overall plant heat rate. 
The energy output ot solar repowered Newman Unit 1 is shown in 
Figure 1.5-2. The overall efficiency of converting incident 
solar flux on the heliostats to net electricity on this basis is 
24 percent. This solar plant efficiency varies considerably with 
total plant output and other factors.
The dynamic response characteristics of the solar subsystems, the 
fossil boiler subsystem, and the EPGS were evaluated during the 
previous contract to assess the consequences ot cloud shadow
passage over the collector field. Transient analyses were 
performed for cloud cover sizes that represent insolation losses 
of 10, 50, and 100 percent, and for cloud sliadow velocities 
ranging from 8 to 22 ra/s (17-50 mph) which correspond to annual 
average and maximum design velocities. The results ot these 
analyses were reviewed during this study to assure that the 
incorporated design modifications did not preciude satisfactory 
operation of the unit during intermxttent cloudy days. This 
review has f\irther confirmed that the solar repowered Newman 
Unit 1 can be operated during intermittent cloudy days without 
requiring a thermal energy storage subsystem to huffer tne solar 
generated steam flow resulting from insolation transients.
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TABLE 1.5-1 
SYSTEM PEilPORMANCE CHARACTERISTICS

Unit. Rating
Solar Repowering Percentage*
Electric Power Generation
High Pressure Turbine Iniet
Intermediate Turbine Inlet
Maxn Steam Flow
Collector Subsystem
Power Incident on Primary 
Receiver
Power Incident on Reheat 
Receiver
Efficiency (including 
cosine, reflectivity, 
blocking, atmospheric 
attenuation, spillage 
at design point)

Receiver Subsystem
Power Absorbed in Primary 
Receiver 
Primary Steam Outlet Flow 
and Conditions 

Peak Heat Fluxes on 
Primary Receiver Water 
Cooled Surfaces 
Power Absorbed in Reheat 
Receiver 

Reheat Steam Outlet Flow 
and conditions

82.3 MWe 
50 percent

10.1 MPa/538® C
2.93 MPa/538® C
257,000 kg/hr

103 MWt 
26 MWt 
77%

91 MWt
129,000 kg/hr
10.8 MPa/5**9®C
0.66 MW/ta«

IB MWt
115,400 kg/hr 
2.97 MPa/549®C

Overall System Efficiency 
(kWhe net output per kWht 
energy incident on heliostat 
reflective surface) 0.24

NOTE:

(1,465 psia/ 
1,000®F)
(425 psia/ 
1,000®F) 
(567,000 lb/hr)

(284,000 lb/hr) 
(1,567 psia/ 
1,020®F)

(254,000 lb/hr) 
(431 psia/ 
1,020®F

» Based on a direct normal insolation level ot 1000 watts/m* 
at design point.
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1. 6 ECONOMIC FINDINGS
The integration of solar repo%rered tinits into electric utility 
systems raises a number of questions as to the value of the 
repowered units, problems they might introduce, and requxremenrs 
that should be placed upon them. In addition to technical 
feasibility, econondc and reliability impacts are major concerns 
to the El Paso Electric Company. These involve the cost of 
repowering, the quantxty and value of fossxl fuels displaced, a 
capacity credit for unit life extension, and the reliability of 
the solar repowered unit.
A cost/value analysis was performed to evaluate the economic 
merit of solar repowering Newman Unit 1 on tne EP£ system. The 
analysis was performed utilizing the methodology developed by 
Westinghouse as part of EPRI Contract RP 648— 1 entitled 
••Requirements Definition and Impact Anaxysis of Solar Thermal 
Power Plants.“
The intent of the cost/value analysis is to realxstically assess 
the economics of the "first** repowered unit using current cost 
data based on equipment quotes from hardware manufacturers. The 
results therefore are not indxcative of the true economic 
potential of solar repowering in general but rather only of tne 
economics of the "first demonstratxon" unit. The economic 
potential of solar repowering on the EPE system was establxshed 
as part of the data presented xn earlier worJc to select the 
Preferred Configuration and resulted in cost/value ratios less 
than 1.0 using projected hardware cost estimates for a matiire 
solar industry.
The reference \init used for performing tne unit economic analysis 
is based on the conceptual design presented in Section 1.4. The 
capital cost for this "first-of-a-kind" demonstration unit is 
estimated at 136.4 million dollars (end of 1986 dollars) with 
anticipated total operating and maintenance costs for the first 
year of 1.84 million dollars. The solar subsystem is sized to 
provide 41 MWe (50 percent repowering) at noon winter solstice 
based on an insolation level of 1000 watts/m*.
The fossil boiler at Newman Unit 1 will operate on natural gas. 
EPE currently has gas supply contracts extending into the 1990»s 
and beyond. The operating scenario tor the fossil boiler is 
important in assessing the economic benefit of solar repowering. 
Since the solar repowered Newman Unit 1 will be a "fxrst-of-a- 
kind** demonstration xmit, an operating strategy tor the fossil 
boiler has been selected to permit the development of operator 
confidence and experience with the solar subsystem without 
jeopardizing the integrity of the existing equipment or the 
ability of the unit to produce power consistent with the 
present demonstratioris of solar technologies at Barstow, 
California, and at the Central Receiver Test Facility. The 
operating strategy consists of;
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Solar operation initiated end of December 1986
1/87 to 2/87, the fossil boiler produces 41 MWe romiinum vrhen 
the unit is operatxng on solar; the unit is adLso economically 
dispatched on fossil fuel.
3/87 to 4/87, the fossil boiler produces 23 MWe lainimum when 
the unit is operating on solar; the tmit is also econooiically 
dispatched on fossil fuel.
Beyond 4/87, the fossil boiler operates only when required to 
offset solar insolation transients on cloudy days or when 
economical to dispatch the unit on fossil fuel.

After 6 months or engineering test and evaluation, the solctr 
repowered unit is dispatched, as noted above, in a manner similar 
to conventional units.
The detailed economic evaluation of solar repowered Newman Unit 1 
is based on a computer model of the EPB system. The model 
constructed is representative of the EPE system expansion plan as 
of March 1982. Approximately 90 percent ox the existing system 
generating capacity is provided by gas- and oil-fired units; 
however, by 1887 EPE anticipates that 43 percent of their 
generating capacity will be provided by coal and nuclear units 
and that this will increase to 6 8 percent by the year 2000. The 
system peak load forecasted for 1987 is 995 MWe, and by the year 
2000 the system peak load is exp€x:ted to increase to 1594 MWe.
A detailed multi-year analysis was performed tor the solar 
repowered unit operating on the EPE system. A total of seven
individual years of operation were modeled. This muiti-year 
analysis supplied annual production costs and savings incxirred by 
the solar repowered unit. A lifetime cost/value ratio was 
derived from the yearly operations. In addition, sensitivities
to solar system startup energy, repowered unit cost, and economic 
assumptions were established.
Table 1.6-1 presents the two economic scenarios developed by EPE 
for the analysis. The first scenario (A) is based on EPE's
current long term projection of natural gas and fuel oil 
escalation rates at 7 percent beyond 1989. Because of the
uncert-ainty in the long term escalation rates for these fuels, a 
second scenario (B) is also considered in the economic evaluation 
vdiich is based on an escalation rate of 10 percent for natural 
gas and oil beyond 1989. The discount rate used in the analysis
for both scenarios is 15.7 percent (EPE cost of money) with a
fixed charge rate of 1b.1 percent.
The lifetime cost and value resulting from the multi-year 
analysis are summarized in Table 1.6-2. The components of cost
and value were determined tor both EPE economic scenarios (A and 
B) . The nvunbers shown in this table are present worth of revenue
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requirements expressed in millions oi 1982 dollars. The Pase 
economic scenario (A) resulted in a cost/value ratio ot 2.27. 
Scenario B resulted in a cost/benetit ratio of 2.0b. The total 
lifetime energy displaced is approximately 3.1b x 10* WJ 
(30 X  10*'̂  Btu) of gas and 0.7b x 10^ MJ (7 x 10^^ Btu) coal. 
The solar repowered unit consumes about 2.01 x 10^ MJ (19 x 10** 
Btu) of gas ever its solar repowered life. Thus, the net energy 
displaced is 1.17 x 10» MJ (11 x 10** Btu) of gas and oil, and 
0.7b X 10^ MJ (7 X 10*2 Btu) ot coal. The total cost ot electric 
energy from solar repowered Newman Unit 1 is 10.5 cents per XWh 
fox' scenario A.
All costs presented in Table 1.6-2 are discounted to 198^ 
dollars. The capital cost shown on the table represents tne 
present worth of fixed charges over the assuiaed 30-year life of 
tne unit. The operation and maintenance (O&M) cost is the 
present worth of escalating annual ObM costs for that same 
period.
Solar plant value is the present worth of net savings in fuel and 
capacity costs. Fuel value represents the savings in fuel costs 
at other units in the EPn system whose operation is displaced by 
that or solar repowered Newman Unit 1. Variable o 6a  represents a 
credit for 06M costs of other units whose operation is displaced. 
Fuel cost is the cost of gas brtrned at solar repowered Newman 
Unit 1 to support both the solar operation of the unit on cloudy 
days and ror economic dispatch of the unit. Capacity credit is 
the value of new generating capacity that will no longer be
required due to extending the life of Newman Unit 1 neyona its 
normal retirement date of 2002.
Tne cost/value ratio of a demonstration program, as viewed from 
immediate utility impacts, is substantially higher tliaxt might be 
expected for a typical commercial implementation; i.e.,
cost/value of 2.27 versus 1.00 or less. The higher cost/value 
ratios are due to higher costs tor current solar components (such
as heliostats) associated with a tirst-of-a-kind installation.
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Present Wortn Discount Rate (%)
Fixed Charge Rate (%)
capital Cost, */kWe 
(c-t/c-c/coa1/huclear)

TABLE 1.6-1 
EPE ECONOMIC SCENARIOS (1987)

Scenario A 
15.7 
16.1

«00/700/1600/1800

Fuel Cost ($/MBtu)
(GasA>il/Existing Coal/New Coal/Nuclear)
Fuel Escalation Rate (X) 
(Gas/Oil/Coal/Nuclear)
1987
1988 
19P9
Beyond 1989 

Capital Escalation Rate (S>
OEM Escalation Rate (*)

8.77/14.2/1.1/2.77/0.87

8/13.6/8/8.2 
8/9.3/8/6.9 
8/10/8/5 
7/7/B/7

Scenario B 
15.7 
16.1

400/700/1600/1800

8.77/14.2/1.1/2.77/0.87

8/13.6/8/8.2 
8/9.3/8/6.9 
8/10/8/5 
10/10/8/7

8
7
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TABLE 1.6-2
MULTI-YEAR COST/VALUE SUMMARY 

1962 M$ PWRR

Solar Plant Cost

Economic Scenario*

Capital 72.1 72-1
O&M 10.7 10.7
Total Cost 82.8 82.8

Solar Plant Value
Fuel Value 81.4 89.2
Variable O&M 0.8 0.8
Fuel Cost -52.5 -57.0
Capacity Credit 6.8 6.8
Total Value 56 .5 39.8

Met Value -46.3 -43.0
Cost/Value Ratio 
Levelized Busbar Energy Cost

2.27 2.08

(mills/JcWh) 104.7 108.1

NOTE:
♦Economic Scenario A and B are 
escalation rates beyond 1989:

Identical except 

A

for oil and

B
Gas 7% 10%
Oil 7% 10%

1 of 1
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1.7 DEVELOPMENT PLAN
The overall objective of the Solar Thenual Repowerxng Program is 
to provide demonstration vinits that serve to reduce the 
uncertainty associated with the design, performance, operation, 
maintenance, cost and safety of this new tec^inology. User 
perceived risxs associated with uncertainty in each of these 
areas must be reduced considerably before units can be financed 
entirely on a commercial basis.
The steps required to develop the advanced conceptual design 
prepared in this study into a successful denionstration project 
include detailed design, procxurement, construction, checKout, 
startup, performance validation, and commercial operation. 
Figure 1.7-1 summarizes the major program milestones; it is 
assumed that preliminary design work, will be initiated in 
October l‘#d2.
The design, procurement, fabrication and erection of the receiver 
subsystem represents the critical path for this program. Lead 
times for receivers and heliostats are based on preliminciry 
estimates provided by potential equipment manufacturers.
Construction work is planned to start 27 months after contract 
award and requires cm estimated 18 months to complete. The 
existing tinit is removed from service to complete modifications 
required for solar repowering during the first half ot 19Bb. Tne 
repowered unit is again available for fossil fueled operation 
during the third quarter of 1986 and for intermittent duty on 
solar energy as part ot the system startup and checxout 
operations. The unit is completely operational by December 198b.
During the first 4 months of operation, the operating sceneirio 
for the fossil boiler assumes continuous boiler firing during 
solar operation as indicated in Section 1.6. A series of 
performance tests will be conducted during this time period to 
validate the xinit design. These tests will address plant 
performance during various operational modes, response to 
transients, safety, controls and instrumentation performance, and 
effects of cooling tower drift and stack emissions on heliostat 
perforsnance.
In addition, the Initial portion of the operation phase will 
address data collection and analysis, and documentation of 
operation and maintenance experience.
The experience gained from the design, construction, and 
operation ot solar repowred Newman Unit 1 is expected to support 
future repowering efforts by EPE and other utilities. 
Transferring this experience to other potential industrial and 
utility users will be a prime objective of the demonstration 
program.
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1.8 SITi. OWNER'S ASSESSMENT
EPE is, at present and nistorreally, a gas burning utility with 
±uel oil as a secondary tuei. First, the oil embargo and then 
the severe gas curtailments of the mid-1970s have bad major 
influence upon its system planning. Tnese, along with the 
enactment of the Fuel Use Act of 1978, and the nation's continued 
dependence on foreign oil affecting national secxirity cuid less— 
than-favorabie balance of payments, are indicators that other 
sources of energy should and must be developed.
Confronted with limited coal and nuclear construction options for 
tne future, the solar thermal option stands out as an attractive 
energy source. This is particularly significant in tne 1990s as 
EPE retires peaJcing and intermediate generating units. The solar 
thermal option can be constructed faster and in siaaller sized 
blocks or increments than is expected for coal—tired units. 
There are several other advantages. The daily output curve ot a 
solar unit tends to mimic tne daily EPE system load requirements 
curve. The solar option is more adaptable to repowering the 
existing gas-tired units if a shift from gas or oil is required 
or becomes more desirable, whereas repoweriijg witJi coal would 
introduce the logistical and environmental complexities 
associated with the coal fuel cycle-
The existing EPE tinits are considered too small for 
cost-effective economic coal conversion.
EPE, as site owner and program manager tor the "Newman Unit 1 
Advanced Solar Repowering" contract, has technically direcced 
each ot the tasks and subtasks described earlier. EPE is pleased 
With, and supportive of, the refined conceptual design for solar 
repowering Newiaan Unit 1. EPE believes the attractiveness ot 
water/steam technologies for a near-term d«nonstration of the 
concept has been confirmed through the results of this prograia. 
Piirther, EPE sincerely believes that solar repowering 
demonstrations are a necessary step for early commercialization 
ot solar thermal central receiver power generation.
Gaining utilicy/industry confidence is an essential part of the 
commercialization i>rocess for new power generating equipment. 
Eolar repowering concepts have now been explored through tne 
definition of technical requirements tor various conceptual 
designs. Testing of solar hardware at the Central Receiver Test 
Facility has developed some experience, familiarity and needed 
information. The 10 MWe Barstow Pilot Plant will demonstrate 
solar thermal central receiver system operation. Utilities now 
need full-scale, conclusive demonstration of reliaole service 
over extended periods ot time, firm data on capital investment 
and O&M costs over expected litetimes, details ox regulatory and 
environmental requirements, and assurance of operational 
compatibility with conventional generating systeios.
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What are the Key xngredxents for achxeving these types of 
demonstration-related inlorraation? First, the technology must 
exist, and it does, particularly tor repowering applications 
using water/ steam receivers. The major detriment to the rapid 
xmpleiaentation ot solar power systems is tne absence of 
adequately-f\inded field testiiig and evaluation programs chat will 
provide the basis tor validating cost and performance estimates. 
A second major ingredient wxil be utility, industry, and 
investment coiamunity confidence in the haraware. Will the 
systems last? A full-scale field testing program with proven 
water/steckm technology wxll provide a portion of the answer with 
suitable warranties, quality assurance programs, insurance, and 
financing mechanisms (which are certain to be developed) 
providing the remaining el^'ments necessary co liioit a utility 
Duyer's risK.
In oraer to commercialize a capital intensive industry such as 
solar thermal power generation, the business community will need 
to invest substantial capital in production facilities, 
particularly tfiose for heliostats. This investment community 
bases much of its financial decision-maKing on the relative level 
of Federal commitment toward emerging energy technologies. If 
the Federal commitment to programs such as the development of 
large-scale solar capabilities is questionable, industry at large 
will be reluctant to undertaKe large capital obligations to 
support and further coinmercialization.
EPE evaluates promising alternative sources of electrical 
generat-ion in a manner consistent witn its nistorical assessments 
or conventional generation systems, a methodology based upon 
standard utility long-range generation expansion planning 
procedures and criteria. Areas such as cost/value, financial 
concerns, technical risks, operation and maintenance projections, 
environmental impacts, licensability, and scnedular
considerations impact all assessments of electrical systeia 
additions by an electric utility.
Lif e-cycle (cost/value) calculations au:e periiaps the most 
important evaluation criteria to senior management wiien maxing 
capital investment decisions. When solar repowering an existing 
unit, tne trade-offs are similar to those made when decidang to 
modify or replace an old piece ot machinery with newer (and 
possibly more efficient) parts, machine(s), or processes. The 
present worth cost of the new machine or process when compared to 
the net value (present worth) of the new roacnine or process 
(considering all definable factors of cost and value) enables the 
cost/value ratio to ne determined. In a standard business sense, 
a cost/value less than 1.0 will justify the purchase ot a new 
machine or process, provided tnat the initial investment capital 
can be obtained at a reasonable cost.
The methodology involves analyzing revenue requireiaents ot the 
capital investment, the investment related costs, and the fuel

l.b-2



and 06M costs. tPfc nas approached xts analysts of solar
repowering on this same basis emd is comfortable «#lth its 
estimated cost/value ratio of 2.27 tor a first-of-a-Kind research 
and development (R&O) demonstration for solar repowering Newman 
Unit 1. This ratio was calculated using iiPfc*s projected economic 
factors, the most significant of which was a gas escalation rate 
of 7 percent. A cost/value ratio of 2.27 essentially says that a 
site-specific and system-specific repowering of Newman Unit 1 
with solar energy has a cost which is approximately double the 
monetary value of the soiar repowering modifications and 
additions.
This cost/value analysis is very encouraging for a number ot
reasons:

£PE believes that realistic costs and beneiits have been 
employed in the economic analysis.
It is based on a first-of-its-kind demonstration constrained 
to be operational by late December
It utilizes a 1982 cost of $l98/m^ for heliostats which has 
the potential to be reduced almost two-fold, given future 
market economies and reseeirch advancements in heliostat
related technologies. Heliostats and tneir associated 
subsystems comprise 59 percent ot tne direct capital costs.
A number of other cost reductions, sucn as tne receiver 
subsystem, attributable to mature commercial markets as well 
as further research advancements, are possible in otfier 
aspects and portions of tne overall solar repowering system.
Tne cmalyzed system integrates well into the planned 
expansions of the EPE system and will operate in a manrier
consistent with the established operational philosophies of 
EPE.
It shows a s\ibstantial reduction in the use of natural gas 
and oil as boiler fuels.
And although not cost effective at present, it shows that 
future applications of solar repowering and solar stand-alone 
can be cost effective, once realistic demonstrations are made 
and heliostat costs are reduced.
Although the cost/value ratio provides an indicator oi
overall economic attractiveness, the key economic issue
involves the one-time large capital expeiiditare with the
potential for a much greater indirect financial return
resulting from the large-scale implementation of a new, more 
economical technology. In addition to the potential tor
economic breakeven costs, a mature solar thermal power
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industry can provide an "insurance policy" that stabilizes 
fuel costs to the rate payers.
The question of technical risk vfill be an important one in 
early solar repowering aemonstrations. The goal of a solar 
repowering demonstration will be to verify tne technical 
viability of solar repowering concepts, develop solar 
hardware, and serve as a necessary step to lAiild large-scale 
stand-alone solar facilities. An unfavorable soleuc 
repowering demonstration may imply that solar is not an 
acceptable generation alternative for the 1990s. In tP£*s 
opinion, the systems chosen for an initial, large-scale 
dCTdonstration must have the highest probability ot 
successfully being constructed and operated within schedule 
and budget, being widely integrated into electric utility 
systems, amd satisfying the national interest as^>ect of the 
overall solar research program.
Thus, the rationale tor fcP£*s choice of water/steam as tne 
working fluid in its solar repowering conceptual design is 
that the simplest, most familiar techiiology solution to solar 
repowering existing generating units will minimize tecxinical 
risk. One of the major requirements of this study was that 
the system must have very high reliability and assured 
performance. EPE believes that water/steam technology 
represents this type of solution.
some of the advantages of water/steam usage as a working 
fluid axe:

Water/steam is a technology familiar to the utility 
industry and permits application of steam generation 
technology whicn is mature, reliable, and well- 
estciblished with potential users. No special 
considerations are required in the boiler loop of a 
water/steam system.
Water/stearn systems use proven materials in proven 
applications; the behavior and lifetimes ot the 
materials are Known under all expected operating 
conditions, and the risks associated with combining 
materials to perform in uncertain operating regimes are 
eliminated.
Water/steeim receiver fluid design criteria are well 
understood. S6W stands ready to support the 
installation of a water/steam receiver with similar 
commercial warrantees as would be provided for a 
fossil-fired steam generator.
Use of a water/steam receiver permits generation of 
steam whose pressure and temperat\ire conditions easily 
match those currently in use at power stations.
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Addxtxonally, matezials compatxbxlity and water 
chemistry behavior at solar receiver operating 
conditions are well Known.

EPE*s economic analyses utxiized an initxal 0&ji4 cost equivalent 
ot 1.4 percent of the capxtal costs, escalated by 7 percent each 
year. This appears to be a realistic projection ot 06M costs 
Cased on Icnown parameters; however, it is xmportant to note tiiat 
current 06M estimates are a "oest guess.** An important aspect or 
the demonstration wxll be to gather hard data on actual 06M costs 
and related consxderations. Additionally, the Ixte-cycle 06M 
costs tor repowering Newman Unit 1 are approximately equal to 
15 percent of the total present worth cost of the xnstallatxon. 
If the EPE Teaun's estimate ot 06M costs proves to be hign in an 
actual demonstratxon, tne cost etfectiveness and commercxal 
potential of solar generation will be enhanced.
EP£*s chosen sxte xs located outside nigh tratfxc, nxgh densxty 
areas which wxll limXt any potentxal safety hazards and wxll 
alleviate possxble ground glare impacts to the general public. 
No major negatxve environmental/ecological impacts are foreseen 
by EPE and a positive impact wxll resvilt from the reduction of 
air pollutant emissions. Its location is nondetrxmental to the 
area's scenic attractions, historic sites, or public recreational 
facilities. There are no nearby residents and the installation 
of such a solar facility at thxs site has received broad 
acceptance by local. State, and Federal governmental bodies. 
Location of a solar thermal repowerxng at El Paso enhances the 
perceived role of the area as a major growth center and as a 
leader in industrial development.
The Newman Unit 1 sxte xs also located such that access for 
construction and for the many expected visitors will be quicitly 
and easily accomplished through an excellent system ot roads. It 
xs situated relatively near a major airport. The El Paso 
comniunity area, with a population of about 500,000, has the 
facilities to easily absorb workers and visitors to a 
demonstration project. Additionally, the £1 Paso region has a 
labor raarxet saturated with tne skills necessary to successfully 
accomplish construction of a demonstration; xt also xs an area of 
extremely high unemployment. These considerations will yield
high public acceptance and visibility of a federally-sponsored 
activity.
The solar generated power can be fully utilized on the EPE system 
and results in substantial savings in fuel consumption. EPE 
currently has a generation mix which xs 89 percent gas or oil- 
fired and also an extremely limited potential to ag^ly other
alternative energy sources. Situated in one of the best solar 
insolation areas, EPE looks toward solar energy to play an
important role in its future expansion plans.
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In summary, EPE's assessment o± its site-specific solar 
repowering design tor Newman Unit 1 is highly positive. This 
design supports the Department ot Energy's ohjectives ot 
veritying the technical teasibixity, economic attractiveness, and 
environmental acceptability of conserving vital tossxl resoxirces 
through utilization ot solar energy. The construction ot such a 
facility is not expected to be cost-effective in a direct 
business sense, but cost-effective in terms ot the long-term 
benefits associated with the introduction ot a new energy 
technology that will serve to limit the spiraling growth ot 
fossil fuel prices. Future commercial applications of this 
technology are expected to be cost-effective given -ttte speciiics 
ot future cost reductions in heliostats and related solar 
components. EPE's solar repowering concept utilizes water/steam 
as the working fluid that will minimize technical risks and 
raaxindze the potential ot a successful demonstration chat meets 
schedular and budgetary goals. Predemonstration O&M estimates 
appear reasonable, but subsequent actual data trom a future 
demonstration may lower projections for this significant cost 
Item, and thus enhance commercialization and acceptance ot tlie 
solar repowering concept.



SECTION 2 
INTRODUCTION

This report covers work perloiinecl for tne Department of Energy 
(DOE) for a program entitled '•Newraan Unit 1 Advanced Solar 
Repowering Program." The period of performance was Septeaiber 30, 

to May 10, 1B82. The programmatic data pertaining to this 
contract are:

Contract Number - DE-AC03--61SF116t>6
Contract Cost - $275,631
Prime Contractor - El Paso Electric Con^any

P.O. sox S»8 2, El Paso, T2., 79960 
Principal Investigator - Jcimes £. Brown (915-543-5610)

The solar thermal tecfmology selected was a water/steam central 
receiver concept supplying superheated steam to isfewaan Station 
Unit 1. The conceptual design developed during this program for 
solar repowering Newman Unit 1 is tecrmicaily feasible for a 1986 
demonstration ot the concept. This concept lises conventional
water/steam technology wliich le reliable, mature, and familiar 
to tfifc electric utility industry, in general, and to plant 
operators of existing water/steam electric generating units 
specifically. EPE is convinced that denonstrar.ing the 
feasibility ot using technologies taniiliar to utility operators 
is a prerequisite to utility acceptance ot solar repowering as a 
viable commercial energy option.
2.1 STUOy OBJECTIVE
The principal objective of this study was to develop a retined 
Baseline Conceptual Design for solar repowering Newman Unit 1 
that has the potential tor construcnon and operation by 1986, 
makes use of existing solar thermal technology, and provides the 
best econcaaics for this application. Specific objectives were:
(1) to review recent accompiishment-s in tlie Department of Energy 
(DOE) Technology Development Program, including, as appropriate, 
componeiit/subsystems data and operational experience at Central 
Receiver Test Facility (CRTF) and the Barstow Pilot Plant;
(2) select appropriate developments tor incorporation into the 
conceptual design; (3) prepare a retined conceptual design; 
(4) establish tne performance ot the refined design; (5) update 
cost estimates; amd (6) reattirm the economic attractiveness of 
solar repowering Newman Unit 1.
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2.2 TECHNICAL APPROACH AND UNIT SELECTION
Section 2.2.1 describes the technical approach for the project,
including a description o± each task. The rationale for
selecting Newman Unit 1 is discussed in Section 2.2.2
2.2.1 Technical Approach
The Newman Unit 1 Advanced Solar Repowering Program was divided 
into two major tasks and six subtasks:

Task 1100 - Refined Baseline Conceptual Design
Subtask 1110 Technology Assessment 
Subtask 1120 Functicnal Requirements
SuDtask 1130 Receiver and Heliostat Field Arrangement 
Subtask imO Operating Modes 
Subtask 1150 Performance Estimates 
Stibtask 1160 Economic Analysis

Task 1200 - Program Management
Tne EPE Team approach to accomplish tne program was based upon 
two concepts: (1) using high caliber technical personnel with 
directly applicable experience in solar applications, and
(2) implementing effective scnechiLe and cost control measures on 
a monthly basis.
The foundation of the program was a technology readiness 
assessment to select those recent improvements in con^onents and 
subsystems that have matured in development in time to be 
incorporated into a demonstration xmit scneduied for initial 
operation in 1986.
2.2.2 Selection ot Newman Unit tor Solar Repowering
The EPE systeia has a total generating capacity ot 974 MWe and has 
sufficient land available neighboring its local Copper, Rio 
Grande, and Newman Stations to solar repower all 11 or its 
existing gas- and oil-rired units, which represent 863 t-We or 
89 percent of the total system. EPE selected Newman Unit 1 for 
the program from its other availanle candidates for the following 
reasons:

Widespread market potential for solar repowering reheat steam 
turbines similar to Newman Unit 1 - A Puolic Service ot New 
Mexico market survey identified a total regional repowering 
generation capacity of 5,190 MWe, based on availaoie land and 
tdie ability to repower at least 50 percent ot the unit's 
rated capacity. Sixty percent ot identified capacity was for 
reheat steam turbines. Reheat units in general i*ave more 
modern and efficient equipment tnan do non-reheat units, with 
a longer remaining useful life. Forty percent ot all reheat

2.2-1



steam turbine candidates, regardless ot nameplate raring, 
have steam conditions identical to Newman Unit 1, and 
60 percent ot the reheat steam xinits, rated 100 MWe or less, 
have conditions similar to Newman Unit 1. These steam 
conditions are 10.1 MPA/638<>C(1,4 65 psia/1,000“F) .
Availability ot unencumbered, tlat land - More than 14.2 Jon̂  
(3 ,500 acres) ot public land are available adjacent to the 
Newman Station. The land is owned by tne Ki Paso Water 
Utilities Public Service Board. The Board agreed in a ptiblic 
meeting held April 25, 1979 in El Paso to make the land
available.
Economics of operating the solar repowered plant relative to 
the balance of the utility system - Ot the 11 existing gas- 
and oil-tired units on the EPE system, the net heat rate for 
Newman Unit 1 is cetter than seven of tlie units and 
comparable to three. Newman Unit 1 commenced power operation 
in 1960 and has a longer remaixiing economic life than most ot 
the candidate units. Considering system economics, solar 
repowering of Newman Unit 1 will require lower capital costs 
for the same output than most ot the other units and can be 
economically dispatched as a fossil-only plant as well as a 
solar unit.
No apparent institutional or environmental constraints -
Results ot preliminary reviews by the El Paso Water Utilities 
Public Service Board and the City of El Paso Department ot 
Planning, Research, and Development indicate that there are 
no institutional or regulatory constraints that would impede 
use of land adjacent to ivewman Unit 1 tor solctr repowering. 
An environmental assessment was performed in 1974 for Newman 
Unit 4 and the surrounding land tor transmission line use. A 
preliminary review oi this assessment relative to solar 
repowering indicates no known enviioniaental constraints. 
Present regulations of regulatory agencies are not considered 
to contain any major institutional obstacles.
Proven history showing it to be extremely durable - Through 
21 years ot reliable operation, Newman Unit 1 has 
demonstrated tnat it has an unusual acuity to sustain
abnormal or rugged operating conditions such as might be
encountered during initial operation ot a solar repowered 
liiiit. Current EPF studies indicate the desirability of 
relegating this unit to peaking operation in tne next tew 
years and modifications to the turbine are scheduled tor 
1983.
EPE currently owns approximately 146 acres occupied by tne 
Newman Station. Solar repowering Newman Unit 1 would require 
acquisition ot approximately 410 acres of land adjacent to 
the Newman Station at the north side of the site, or which
269 acres would be used for the collector field.
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2.2.3 History of Conceptual Design Evolution
A Baseline Configuration tor solar repowering Ne<«aan Unit 1 was 
presented in the proposal originally submittea to L>OE. The 
Baseline Configuration utilized first generation water/st.eam 
central receiver technology to provide main sceaia to the high 
pressure stage, 10.1 MPa/538oc (1,465 psia/1,OOOOP), and reheat 
steam to the intermediate stage 2.93 MPa/53b®C (425 psia/1,000op) 
of the turbine-generator. fossil energy was used to supplement 
solar generated steam for intermittent cloudy day operation, for 
economic dispatch, or when solar energy is not available. A 
solar repowering fraction of 75 percent at 2 p.ia. winter solstice 
(based on an insolation level ot 950 watts/m^) could ce achieved 
with a 1.4 ]cm2 (350 acre) surround field north of the unit.
The performance and economic attractiveness ot the Baseline 
Configuration were assessed against several Alternative 
Configurations during the initial program. The Alternative 
Contigurations considered included; (1) a configuration 
incorporating thermal energy buffer storage subsystems (15 to 
30 minute capacity) in the primary and reheat steam tlow paths,
(2) a configuration incorporating thermal energy Duffer storage 
in only the primary steam tlow path with an auxiliary boiler 
being used to supplement the solar generated reheat steam, and
(3) a configuration using solar energy (with the option of buffer 
storage) to provide primary steam to the high pressure stage and 
using fossil energy, through incorporation of an auxiliary 
boiler, to provide reheat steam conditions.
The attributes of using improved water/steam receiver technology 
in place of first generation solar central receiver technology 
(Solar One in Barstow, California) were also assessed as part of 
these trade studies. The trade studies focused on the solar/non
solar interface complexity versus the economic advantage, in 
terms of cost/value ratios, to be gained from less complex 
systems. The output from these trade studies was the selection 
of a specific system configuration tor the conceptxial design and 
performing detailed economic evaluations during svibsequent 
program tasks. Criteria were developed and reviewed with DOE to 
guide the selection of the system configuration.
A conceptual design was prepared tor the preferred system 
configuration selected. The Preferred Conceptual Design 
emphasized the solar/non-solar interface and was prepared in 
sufficient detail to permit an assessment of technical 
feasibility, and to support cost estimates and the perrormance 
and economic evaluations. Potential limitations ot the concept 
were identified and an impact assessment performed.
A detailed performance evaluation of the concept emphasizing 
operation of the solar, tossil, and combined soicir/rossil modes 
of the unit was preparea and revised. heat balances were 
prepared for the various normal operating modes. The transient
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response cnaracteristics o± the solar repowered vmit to 
intermittent cloudy operation were also established.
A detailed economic evaluation ot the solar repowered Newman 
Unit 1 operating on the EPE system was performed. The evaluation 
established the cost/value ratio, fossil fuel and associated 06M 
savings, net plant value, and nusbar energy cost. The solar 
repowered option was assess«jd relative to other repowering 
options such as coal. Downtime cost to EPE to implexnent solar 
repowering unit modifications was also established.
A development plan tor solar repowering Newman Unit 1 was 
prepared. Empnasis in the plan was placed on identifying the 
major steps to he accomplished during the construction phase, on 
formulating a realistic schedule tor a demonstration plant, and 
on nighlightiiig the construction critical oath.
The technical approach taJcen by tne EPE Teeim during this initial 
program provided a utility user-oriented evaluation ot the 
technical feasioility and economic attractiveness of solar 
repowering reheat steam turbine units using advanced water/steam 
technologies. This approach provided EPE with the technical and 
economic data necessary to support a decision to pursue a 
cost-shared demonstration program.
This Preferred Conceptual Design is described in Appendix A.
The Advanced Conceptual Design described in this report builds on 
the initial program summarized above and incorporates the latest 
receiver, heliostat field and economic data available.
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2.3 SITE LOCATION
Newman Station ^Figure 2.3-1) is located in El Paso, Texas 1.6 kiu 
(1 mile) south of the Texas/New Mexico border on the east side of 
the Franklin Mountains. Thrs station xs sited in a rural area at 
the north end of the cxty of El Paso, 24 km (15 miles) northeast 
of the downtown area, and 19 km (12 miles) trout the £1 Paso 
Solmet weather station at El Paso International Airport.
The site is accessible by road xrom all directions and a freeway 
is bexng ccmpleted with a major interchange 7 km (4 miles) south 
of the generatxng station. A railway siding is located 10 km 
(6 miles) to the southeast. Newman Station xs not dXrectly 
beneath a Federal airway, although some aircraft fly over and 
south ot the site.
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2.4 SITE GEOGRAPHY
The Nevman Sit.e is in -the Tularosa Basin hounded by iault: blocK 
rncunt-ains to the east and west witn 300 to 600 ui (1,000 to 
2,000 feet) of underlying sediments. El Paso does not experience 
any significant earthquake activity, and no earthquakes of
intensity 4.5 or larger on the Richter Scale have been recorded 
wxthxn loO km (100 miles) of the site. Newman Station was 
designed for a Zone II earthquake.
Importcuit Site features include the war Road (extension of 
Worth/South Freeway) one-half Km west ot the station. Farm 
Read 2529 adjacent to the existing station on the north side,
McComos Road to the east, and the large evaporation pond south of 
the station. Flood control is provided to some extent by the War 
Highway drainage system to the west of the proposed field. Other 
pertinent site characteristics are suinmarized in Table 2.4-1.
The air quality monitoring unit nearest the site is in downtown 
£1 Paso. Mthough £1 Paso air quality is in violation of anibient 
air quality standards for several pollutants, air quality at
Newxrian Station is somewhat better due to its rural location. 
Soiar repowering Newman Unit 1 will have a beneficial impact on 
air quality since it will replace fossil fuels and tneir 
pollutant emissions.
Surface water at the site is not a constraint since nearby wells 
are drawing water rrom several hundred feet down. Bxisting water 
supplied to Newman Station is purchased from £1 Paso Water 
Utilities and is within allowable drinking water standards.
There are no known mineral resources or unique geologic/land form 
features on or near the site. There have been no known 
significant archaeological findings on the site or in close 
proximity. No rare or endangered species ot plant or animal 
substance nave been found at the proposed site. Environmental 
considerations are therefore expected to be minimal.
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TABLE 2.U-1
GEOGRAPHIC CHARikCTERISTICS OF NEWMAN STATION

Exisl:ing Site
Land Area
Latitude
Longitude
Elevation
Owner

Collector Field Site
Location 
Land Area 
Owner

O.b km^ (lab acres)
310 59tN 
1060 25»W
a,069 feet (above mean sea level) 
El Paso Electric Company

North of Existing Site 
1.09 km* (269 acres)
El Paso Water Utilities 
Public Service Board

1 of 1
2.4-2



2.5 CLIMATOLOGY
The climate or the Newman site is well represented by the
long-term meteorological data collected at the Paso
International Airport located approximately xm (12 miles)
southeast of the site. This 3 0-year data base indicates tliat the 
climate of the region is characterized by mild winters and hot. 
summers with very little armual rainfall, very xow humidity, and 
an abundance ot sunshine. Climatological averages of the £1 Paso 
data are summarized in Tahle 2.5-1; Table 2.5—2 presents 
climatological extremes.
2.5.1 Climatological Discussion
The El Paso region is in the zone ot liighest solar insolation iii
the nation, facilitating year-round research, development, and 
demonstration of solar energy applications. The annual variatioii 
ot solar insolation in the £1 Paso region is also the lowest in 
the nation. Annual mean weather data show an average sunshine of 
3,533 hours (83 percent of possible sunshine) euid direct normal 
insolation for the typical meteorological year ot 7.26 xH-hr/m^- 
day (Solmet tape).
El Paso winters are geixerally mild and dry with daytime 
temperatures reaching 12.7® to 15.5®C (55® to bO®P) on tne
average and falling below freezing at night about halt the tiiae- 
The record low temperaturfe is -22.2®C (-8®F>, but sub-zero
readings are rare. Snowtall occurs commonly during winter, wxtli 
an annual average amount ot 11.7 cm (4.6 inches). However, snow 
does not normally remain on the ground tor more than a day. 
Total precipitation is usually less than 1.3 cm (0.5 inch) for 
each of the winter months.
Smmer daytiiae temperatures are high, frequently above 32.z®C 
(90®F) and occasionally above 37.7®C (100®F) . Hcw^ever, nighttime 
temperatures usually fall into the sixties. The summer xckonths
are the wettest of the year with nearly half of the annual 
precipitation total falling during this period. Thunderstorms 
provide much of the summer rainfall, occiirring 36 days per year
on the average, but tornadoes are an extremely rare occurrence
with only one tunnel ever sighted in the area.
The prevailing wind direction at Bl Paso is trom the north,
although there is considerable variation trom season co season. 
The dominant wind directicMi during autumn and winter is north, 
but shifts to west-southwest in the spring and south during the 
summer. The annual average wind speed is 4.2 la/s (9.5 mph) with 
higher monthly average wind speeds normally occurring in the 
spring. Figure 2.5-1 illustrates the average wind distribution 
and velocity with respect to wind direction tor the £1 Paso area.
While wind speeds are not excessively high, occasional strong 
winds during the spring season combined witn the dry and loose
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soil conditions result in blowing dust and sandstorms. The 
highest monthly average irequency of occtirreiice of dust storms 
with visibility reduced to less than 10 Jtm (6 miles) is nearly 
40 hours during the month of Meurch. Dust storios are 
comparatively rare during the period between July and December.
The El Paso climate is very dry with daytime relative hvimidities 
annually averaging about 30 percent and 50 percent during the 
night and early morning hours. Duririg the spriiig arid summer 
months, with the temperature above 32.2®C (90®P), relative
humidities of 10 to 20 percent are most common. This low
humidity lends itself to an extremely high percentage of possible 
sunshine witn an annual average value of 83 percent. In 
addition, there is little variation of this percentage throughout 
the year, maximizing at 89 percent in May and June and reaching a 
low of 78 percent during December and January.
2.5.2 On Site Meteorological Data
A complete weather station has been established at Newiaan Station 
since the Fall of 1980. This weather station contains two
pyranometers, one pyrheliometer, a r a m  gauge, a temperattire and 
hxiraidity gauge, and an anemometer. Weather data is tahen at
1-minute intervals. It is averaged and recorded at 10-minute 
intervals along with certain peak data withm each 10-minute 
interval.
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TABLE 2.5-1
CLIMATOLOGXCAL 40 YEAK AVERAGES FOR EL PASO*

NJ
•
U1IU)

Temperatvure Precip. Snotrtall** Wind Speed Wind
Relative Percent oi 
Hvuaidity Possinle

Month oc l»F) cm (in.) cm (in.) m/sec (mob) Direction (») Sunshit
January 6.4 (43.6) 0.99 (0.39) 3.56 (1.4) 4.0 (9.0) N 8 78
February !>.1 (48.4) 1.07 (0.42) 1.7« (0.7) 4.4 (9.8) N 40 82
March 12.b (54.6) 0.93 (0.39) 1.02 (0.4) 5.3 (11.8) HSW 31 85
April 17.7 (63.9) 0.61 (0.24) T 5.3 (11.8) WSW 25 87
May 22.3 (72.2) 0.81 (0.32) 0.0 4.3 (11.0) HSW zb 89
June 26.8 (80.3) 1.52 (0.60) 0.0 4.5 (10.0) S 23 89
July 27.3 (82.3) 3.38 (1.33) 0.0 4.0 (8.9) SSE 44 79

August 26.9 (80.5) 2.84 (1.12) 0.0 3.8 (8.4) S 45 80

September 23.4 (74.2) 2.95 (1.16) 0.0 3.7 (8.2) s 50 82
October 17.8 (b4.0) 1.98 (0.78) T 3.b (8.0) N 44 34

November 10.3 (31.6) 0.81 (0.32) 2.79 (1.1) 3.8 (8.4) N 4b 83
December 6.3 (44.4) 1.27 (0.50) 2.54 (1.0) 3.8 (8.5) N 49 78

Annual 17.4 (63.4) 19.74 (7.77) 11.68 (4.6) 4.2 (9.5) N 40 83

NOTES;
* Based on Local Climatological Data tor El Paso International Airport, 197b, Sunraary National 
Climate Center, Ashville, N.C. PLease note tnat tnese data are custoiikarily reported in English 
units Oy tne National Climatic Center.

*• T reters to trace
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TABLE 2.5-2 
CLIMATOLOGICTO, fcXTRlif4LS

V»eat.ner Paramet.er
Lowest temperature
Higriest temperature
Precipitation

maximum monthly 
maximum 24-hr

Snowfall
maxinivun monthly 
maximum 24-hr

Highest wind speed
Hignest sustained gust

Extreme 
-22.20C (-8®F) 
44.4“C (112®F)

20.8 cm (8.18 inches)
16.6 cm (6.50 inches)

32.2 cm (12.70 inches)
21.3 cia (8.40 inches)
112.6 Kin/s (70 mph)
135 Kra/s (84 mph)

Date 
January 1962 
July 1979

July 1881 
July 1881

November 1976 
NoveitiDer 1906
-May 1950
March 1977

1 ot 1
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2.6 EXISTING UNIT DESCRIPTION
A descript-ion ot -the roost, important characteristics of existing 
Newman Unit 1 design is provided in Appendxx £.1.
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2.7 EXISTING UNIT PERFORMANCE SUMMARY
Operating ctiaracteristics and perfomance ot existxiig Newman 
Unit 1 are presented in Appendix E.2.
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2.8 PROJECT ORGAjMIZATION
The project organizatxon tor the cmrent studj conaxsted ot £1 
Paso Electrxc Company (as the prime contractor to DOE), directly 
supported by Stone S Webster Engineering Corporation (SWfiC); 
Westinghouse Electrxc Corporation (WEC); the Texas Energy and 
Natural Resources Advisory Coxmcil; the Regxonai Developatent 
Dxvxsxon, Otfice of the Governor ot Texas; the Publxc Utilities 
Commxssxon ot Texas; and the Southwestern Solar Repowerxng 
Utxlxty Advisory Council in periormxng the program. Babcocx 6 
Wxlcox Company (B&W) supported KPE as a subcontractor to SWEC-
The EPE Program Manager« Mr. J. E. Brown, contxnued to be 
responsxble tor the tecluixcal and programoatic direction ot the 
program in all aspects ana provxded utility inputs xncludxng 
preparatxon of functional design requirements and sysrem 
specxfications, operational and maintenance considerations, unxt 
data, land acquxsition aind permits, and the overall program 
technical, cost, and schedular control. Mr. Bro%m had 
sxngle-point management responsibility tor the project.
Stone S Webster Engineering Corporation provided
architect/engineer services which included the refxited conceptual 
design ot the solar repowered Newman Unit 1, cost estimating xn 
support of the economic analysis, preparation of prelxioinary 
specifications tor solar equipment, ana construction planning tor 
the demonstration program. Stone & Webster was the 
architect/engineer tor Newman Unit 1 and is familiar witn the 
design ot the unit and site-related working conditions. In
addition. Stone 6 Webster had subcontract support from Babcock & 
Wilcox Company tor the purpose ot refining the receiver
conceptual design. Mr. R. W. Kuhr continued to be the Stone & 
Webster Project Manager.
Westinghouse Electric Corporation's Advanced Energy Systems
Division was responsible for solar subsystem design including 
heliostat field layout, performance modeling, receiver flux
interface, safety analysis, and economic and net%»orK impacts and 
assessments. Mr. W. G. Parker continued to be the Westinghouse 
Project Manager.
The Texas Energy and Natural aesouces Advisory Council aiid the 
Regional Development Division ot the Otfice ot trie Governor ot 
Texas continued to provide the capabilities required to identity 
and resolve the institutional barriers and pviblic issues 
associated with solar repowering. They reviewed the project and 
helped to determine the most effective avenues ot state support 
for the project. The Public Utilities Coiaraission of Texas 
provided the capability to identity any conflicts with existing 
regulatory policies.
EPE continued its highly successful Southwestern Solcu: Repowering 
Utility Advisory Council (UAC) to provide an assessment ot the
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program results £rom a broad utility perspective and to provide 
tor early dissemination ot results to other utilities. DAC 
meiabers bring a wide range of expertise and experience in 
technical and utility-related areas and help to interpret ttie 
needs ot the utility community. Most participants ot the 
previous UAC gave positive indication ot a desire to continue 
active membership in the UAC.
In audition, fcPE solicited new members not previously active to 
further broaden the base and interests represented by the UAC.
Of special interest is the response of Mexico to the UAC. The 
Institute de Investigaciones en Materiales UNAH (The National 
University ot Mexico) participated in the program. The Conasion 
Federal ae Electricidad (National Utility) and the Instituto de 
Investigaciones Electricas (equivalent ot Electric Power Research 
Institute (EPRI)J continued to participate.
It is hopeu that the Mexican menibers will bring an international 
viewpoint and pave the way to turther cooperation.
Table 2.B-1 identities the utilities that plan to pcorticipate iii 
the program.
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TABLE 2.8-1

1982 SOUTHWEST SOLAR REPOWERING UTILITY 
ADVISORY COUNCIL

Investor Owned Systems
Pacific Power 6 Light Co.
New Mexico Electric Service Co.
Public Service Company of New Mexico 
Central Telephone & Utilities Corp.
Utah Power 6 Light Co.
Georgia Power Co.
Dallas Power & Light Co.
Texas Electric Service Co.
Texas Power & Light Co.
San Diego Gas 6 Electric Co.
Southern California Edison Co.
Oiclahoma Gas & Electric CO.
Tampa Electric Co.
Puget Sound Power & Light Co.
Gulf States Utilities Co.
Nevada Power Co.
Florida Power Corp.
Florida Power & Light Corp.
Southwestern P\iblic Sexrvice 
Public Service Co. of Colorado

Municipal Systems
Garland Electric Dept.
Lubbock Power 6 Light Dept.

Federal and District Systems
Salt River Project Agricultural Improvement & Power Dxst. 
Comision Federal De Electricidad 
imperial Irrigation District

Rural Electric Cooperatives
Arizona Electric Power Coop.
Colorado Ute Electric Assn. Inc.
Brazos Electric Power Coop. Inc.
Western Farmers Electric Coop.

1 of 1
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2.'̂  P’INAL REPORT ORGANIZATION
This report is organized to provide a synopsis of study findings 
in the Executive Strnimary, followed by sections providing detailed 
study results.
Section 2, Introduction, describes the overall study on3ective, 
approach, and organization. Also, detailed baclcgroxind 
intorinatioii regarding existing Nevraian Unit 1 is proviced in 
Appendix E.
Section 3, Selection ot Preferred System, brreriy refers the 
reader to Appendix A. This information is appendicized because 
it was completed during the initial conceptual design etfort ai.d 
iikany of the economic assvunptions and costs have changed since 
that worx was completed. This appendix documents the methodology 
and trade iterations used by the EPE team to modify its original 
Baseline Configuration for solar repowering Newmaii Unit 1.
The conceptual design is detailed in Section on an overall 
system level. Considerations with respect to perf ormcince, 
operation and raaintenance, safety, environment, iiistitutional, 
and regulatory impacts are discussed and analyzed. Section 5 
involves a closer looJc at the conceptual design on a sobsysteia 
level with empnasis on the collector, receiver, fossil boiler, 
electric power generating, and control subsystems. Tnt support 
facilities needed for a demonstration of the solar repowering 
concept at Newman Station and tiie necessary site preparation 
activities are also described.
section b reviews the economic analyses performed and describes 
the assumptions and methodology used to generate tiie results. 
The development plan tor subsequent final design, construction, 
startup, and operations phases is contained in Section 7.
The completed Systems Requirements Specification (SkS) i s  
presentee as Appendix B. This document is intended to provide a 
summary-level design basis for the project.
Drawings and diagrams describing solar repowered Newman Unit 1 
are presented in Appendix D.
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SECTION 3 
SELECTION OF PjREFEkRUD SXSTEM

The Preferred Configuration developed during the Conceptual 
Desxgn Study for solar repowering Newman Unit 1 was selected on 
the basis of trade studies performed as part of DOE Contract 
DE-AC03-79SF10740- These system and subsystem trade studies are 
included for completeness as Appendix A of this report. Trade 
studies performed as part of the Advanced Conceptual Design 
effort are described in Sections 4 and 5.
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SECTION 4
SYSTEM CONCEPTUAL DESIGN

This sectxon provides a description ot system-level functional 
requirements, design, operation, performance, cost, safety, 
environmental, xnstitutional, and regulatory considerations.
Unique aspects of the solar repowered Newman Unit 1 design 
include the use of an advanced water/steam receiver tecJrinology 
founded on conventional drum-type boiler technology, location of 
the receivers and tower in close proximity to tne existing 
turbine building, use of priioarily conventional control 
philosophy, and the demonstration of a reheat application.
4.1 SYSTEM DESCRIPTION
Newman Station consists of four electric power generating units 
rated at a combined total of 490 MWe. Newman Unit 1, the iinit 
selected for solar repowering, is an 82 MWe (net) 
tandem-compotind, double-ilow, reheat steam turbine built in 1960 
for baseload duty using natural gas as the primary fuel (oil as 
the alternate fuel source).
The configuration for solar repowering Newman Unit 1 is 
illustrated in Figvixe 4.1-1. Conceptual design drawings are 
presented in Appendix D. The concept utilizes water/steam 
central receiver technology to provide main steam to the high 
pressure stage, 10.1 MPa/538®C (1,465 psia/l,000®P), and reheat 
steam to the intermediate stage, 2.9 MPa/538®C
(425 psia/1,000®F), of the turbine-generator. Fossil energy is 
used to supplement solar generated steam for intermittent cloudy 
day operation and for economic dispatch.
The principal solar/fossil interface between the existing Nevnnan 
Unit 1 and the solar sxibsystem consists of (1) steam supply 
interface from the solar (both primary and reheat receivers) and 
the fossil steam generator, (2) feedwater supply interface to the 
solar and fossil steeun generators, (3) control interface between 
the fossil and solar subsystems, and (4) power supply interface 
to the heliostat field, primary and reheat receivers, valves, and 
pumps.
The feedwater supplied to each steam generator matches the steam 
flow and pressure requirements of each unit by means ot a 
coordinated control system. The control system of tne existing 
unit is modified and interfaced with the solar system by means of 
a master control system.
Figixre 4.1-3 shows the site arrangeoient. The heliostat field is 
located north of the unit. The receiver tower is as close as 
possible to the turbine building to miniialze feedwater e»nd steam
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piping distances. Existing transmission and natural gas pipeline 
rights-of-way transect this field location but do not present a 
constraint to locating the heliostat field in thxs region other 
than providing access for inspection.
The collector subsystem, a IbO-degree array of heliostats, 
consists of:

Heliostats, including reflective surface, structural support, 
drive units, control sensors, pedestals, fovuidations, 
cabling, and cable array installations, and
Electromechanical and electrical controllers, including 
individual heliostat and neliostat fiela controllers, control 
system interface electronics, and power supplies.

A simplified flow schematic is snown in Figure u.1-2. Steam 
generated by the solar subsysteau is mixed with the steam provided 
py the existing fossil steam generator prior to admission to the 
high pressure and intermediate stages of the turbine. 
Attemperation ot the solar and fossil generated steam ensures 
that temperatures are maintained within turbine aesign limits. 
Fossil steam generation replaces steam flow reductions due to 
intermittent cloud cover and for economic dispatch, or when solar 
energy is nonavallable.
The receiver subsystem provides a means of transferring the 
incident radiant flux energy from the collector subsystem into 
superheated steam. The receiver subsystem consists ot priniary 
and reheat receivers to intercept the radiant flux reflected from 
the collector subsystem and a single tower structure to support 
the two receivers. The receivers are of the external panel type 
configuration with forced recirculation boilers and are located 
at the top of the tower. The cjxtemal central receiver concepts 
(primary and reheat) are based on tne improved water/steam pximped 
recirculation central receiver boiler technology being developed 
by DOE. Tne conventional non-solar equivalent of this technology 
IS well known throughout the utility industry. The receiver 
sxibsystem also includes the pump, valves, and control system 
within the tower structure necessary to regulate flow, 
temperature, and pressxire; and the required control system 
components necessary for safe and efficient operation, startup, 
shutdown and standby.
The master control subsystem is used to sense, detect, monitor, 
and control all system and subsysttmi parameters necessary to 
ensure sate amd proper operation of the entire integrated 
repowered plant. The control subsystem consists of computers, 
peripheral equipment, time code generator, control cind display 
consoles, electric power control interfaces, and software.
The fossil boiler subsystem provides a fossil energy source that 
is used to enhance performance and/or maintain normal plant
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operation during periods of reduced or no insolation. The fossil 
boiler subsystem consists ot the existing Newman Onxt 1 fuel 
storage, fuel handling, boiler, and related equipment. It also 
consists of any additional fuel supply, fuel storage ana transfer 
facilities, energy conversion source, pumps, valves, and control 
system necessary to regulate fluxd flow, temperature and 
pressure; and the required control necessary for safe and 
efficient operation, stairtup, shutdown and standby of the fossil 
boxier subsystem. Essentially eill of the existing Newman Unxt 1 
remains after bexng repowered with a solar steam supply system.
The electrical power generating subsystem (EPGS) provides the 
means for converting to electrical power the thermal output from 
the solar receivers and the fossil boiler subsystem. The output 
from the EPGS is regulated for integration into the EPE system 
network. The EPGS consists of the existing balance-of-plant 
equipment at Netmian Unxt 1, and the piping and related equipment 
required to interface the solar steam supply system.
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SOLAR REPOWERED NEWMAN UNIT 1
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«.2 FUNCTIONAL REQUIREMENTS
To provide a signiileant and meaningiul demonstration of solar 
repowering ot an existing electric power generating unit, certain 
system level functional requirements must be establxshed and met. 
Two general classes of requirements need to be fulfilled. The 
first class pertains to those requirements that will ensvuce 
operation of the existing tuiit. The second class of requiremerits 
provides the bases for assxiring a meaningful demonstration from 
the standpoint of size, performance, flexibility, and economics.
Generic system level requirements envisioned for a solar 
repowering of Newmcui Unit 1 include the following:

Unit capable of operating on fossil fuel only, fossil 
fuel/solar energy, and solar energy only.
Water/steeim shall be the working fluid.
System must be compatible with utility demand characteristics 
to greatest extent possible.
System must be capable of operation under normal daily 
variations encompassing morning startup, normal hourly 
insolation variations, cloud cover transiesnts, and evening 
shutdown.
System must be compatible with the environment.
System must meet lifetime and availability requirements 
consistent with normal utility practices.
System must demonstrate ultimate economic viability.
System must be compatible with all applicable codes and 
regulations.

The solar repowered unit shall be designed to produce 50 percent 
(41 MWe) of the rated net electrical output, 82 MWe, at the 
design point solar conditions corresponding to noon winter 
solstice. The design lifetime shall be 30 years. The repowering 
system shall include both a primary and reheat receiver mounted 
on a single tower to collect the solar energy and directly 
produce steam to supply the high presstire and intermediate 
pressure turbines at rated conditions. The collector sxibsystem 
shall include an array of heliostats arranged in a north field 
orientation designed to meet heat flux and focusing requirements. 
The collector subsystem shall include cin automated control system 
designed to respond to commands from a master conrrol system for 
normal operational variations and emergency/environmentally 
induced variations. Table 4.2-1 summarizes the key system and 
solar subsystem performance requirements that need to be met to 
maintain plant performance requirements. These requirements are
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consistent with the utilization of the generic second generation 
heliostat concept and the forced recirculation external receiver 
concept.
The solar repowered unit shall be designed to operate m  parallel 
with the existing gas/oil frred boilers and to meet the total 
daily electrical demand requirements in a steuid-alone solar 
powered mode. The solar system shall be designed to operate 
durxng various modes includxng startup, solar operatxon, combxned 
solar/fossxl fuel operation, and shutdown. Incorporated in the 
aesign are instrumentation euid control systems to assure that 
allowable ramp rates on the boiler, receiver, and steam turbines 
are not exceeded. Methods of control shall include 
attemperation, flow redistribution through the receiver, and 
defocusing of the heliostats. Sufficient instrumentation shall 
be provided to monitor flow, pressure, and temperatures 
throughout the system and to monitor the focusing of heliostats. 
The requirements for instrumentation shall encompass not only 
sensing for control purposes but also proviae diagnostic 
information for measuring performance.
A master control subsystem shall be developed to monitor sensors 
and to provide proper control of all central mechanisms to meet 
all subsystem response criteria. This subsystem shall:

E»rovide automated control of solar subsystems with operator 
override capability.
Provide automated control of present fossil boiler and APtiS
subsystems with operator override capability.
Maintain present unit control systems as bacxup and to 
override automated systems.
Maintain design simplicity utilizing standard control
practices and simple well defined interfaces between new and 
existing control systems.
Provide for design and operational reliability through 
redundancy in critical areas, separation of controls from 
data acquisition, and maintaining manual override systems.
Provide cost effective design through selection of 
off-the-shelf equipment, modularity, and selection of 
generically similar equipment.

Successful unit operation for tne 30-year lifetixae requires that
the various subsystems be designed to be compatible with tiie
local environment. The solar subsystems shall be designed to 
meet specific sets of environmental criteria for operation and/or 
survival. These criteria shall encompass appropriate 
combinations of ambienr temperature ranges, wind profiles.
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earthquake levels, dust and sandstorm environments, snow, rain, 
and ice.
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TABIiE 4.2-1 
SYSTEM PERFORMANCE REQU IR.EMENTS

Unit Rating
Solar Repowering Percentage»
Design Point
Electric Power Generation

Cycle
Wet unit efficiency (solar/tossii) 
High pressure turbine inlet

Intermediate turbine inlet

Main steam flow

Collector Subsystem (Design Point 
Conditions)

Power incident on primary receiver
Noon Summer 
Noon Winter

Power incident on reheat x-eceiver
Noon Summer 
Noon Winter

Receiver Subsystem**
Power absorbed in primary receiver 
(Noon Slimmer)
Primary steam outlet flow

Primary receiver outlet pressure/ 
temperature
Allowable primary receiver pressure 
drop

82 MWe
SO percent
Noon winter solstice

Steam
34.3/33.1
10.1 MPa/S38*»C 
(1465 psid/1000®P)
2.93 MPa/538OC 
(425 psia/lOOOOF)
257,143 Ku/hr 
(567,000 iP/hr)

9b MWt 
103 MWt

24 MWt 
26 MWt

91.3 MWt
129,000 xg/hr 
(284,000 iD/hr)
11.7 MPa/549«C 
(1697 psia/1020OF)

1.93 MPa (280 psia)

1 of 2
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TABLE U.2-1 (Cont)

Design neat flux (water/steam tubes) in 
primary receiver (noon winter)
Power absorbed in reheat receiver
Reheat steam outlet flow
Reheat receiver outlet pressure/ 
temperature
Allowable reheat pressure drop

Fossil Energy Sxibsystem
Etficiency
Automatic operation
Cold condition startup exiergy 
Warm standby startup energy

0.66/0.3 MW/m*

17.5 MWt
115,U00 xg/hr 
(25u,000 lb/hr) 
2.5? MPa/549*C 
(1431 psra/1020op)
193 XPa

8 4.4*
28% minxu'ium load
10.bxl0*JcJ (100 MBtu) 
l.GxlO^XJ (15 rtBtu)

notes;
♦ Based on an insolatxon level of 1000 watts/m*
♦♦ Receiver subsystem to be designed to meet efficiency require

ments tor noon summer solstice and to meet design heat flux 
limits tor the noon winter solstice.
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a.3 DESIGN AND OPERATING CHARACTERISTICS
Newman Unit 1 represent.s an ideal repowerxng sil;uatxon for a 
water/steam repeat. confXgurat.ion. Utilizing a 160® north 
heliostat field and single tower, with main and reheat recexvers 
located adjacent to the existing turhine ouilding, the preferred 
configuration offers a simple repowering design. Main steam, 
feedwater, and reheat piping runs from the turhine to the 
receivers are reduced to approximately 213 m (700 feet).
The solar primary and reheat receivers operate in parallel with 
the existing fossil boiler. Superheat and reheat steeun 
temperatures xn both systems are controlled primarily by 
attemperation. In the fossil boiler burner selection, excess air 
and cold reheat steam flow are also used to control stecua 
temper attire. For the solar reheat receiver, flux control is also 
utilized. Operation of the fossil boiler is necessary to protect 
the turbine from excessive temperature transients without 
tripping the unit whenever sudden loss of insolation is possible.
4.3.1 Plant Arrangement
The plant oirrangement minimizes feedwater, main steam, and reheat 
piping to the solar receivers by locating the receiver tower 
adjacent to the ttirbine building. This reduces piping costs, 
pressure drop, and thermal losses associated with long piping 
runs, and the likelihood and extent of maintenance problems such 
as exfoliation in high temperature steeun lines.
Figure 4.1-1 is an artist*s rendition of Solar Repowered Newman 
Unit 1 superimposed on an aerial photograph of the plant. 
Figxire 4.1-3 is a plot plan showing the approximate location of 
the tower and heliostat field relative to the existing unit.
An existing state highway, Farm-to-Market Road 2529, will be 
rerouted to the north of the collector zield. Existing 
transmission lines currently located along a right-of-way north 
of the Newman Station switchyard will be rerouted to the west of 
the collector field.
An existing undergrotmd natural gas pipeline which transects the 
northern portion of the field will remain, witli eui exclusion area 
provided along its 36.6 m (120 foot) right-of-way. Right-of-way 
for pipelines currently along Farm-to-Market Road 2529 will be 
maintained.
4.3.2 Design Characteristics
Design characteristics of the solar repowered Newman Unit 1 are 
summarized in Table 1.4-1. Detailed design characteristics are 
discussed by subsystem in Section 5.
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4.3.3 Operat:ional Charac-teris-tics
The primary functions of solar repowered Newman Unit 1 are to 
supply reliable electric power auid to maximize fossil fuel 
savings to the £1 Paso Electric Company euid its customers. 
Figure 4.1-2 xs a simplxfied flow schematic showing the solar 
repowered system flow paths to and from the existing xinit.
The operation of the repowered system is automatic during most 
operational modes. The operational modes should not pose euiy 
operational problems to unit personnel that cannot be addressed 
within their experience and training.
The Newman Unir 1 control system and existing power plant 
equipment shall be modified to allow daily cycling of the unit 
and to utilize fossil and solar energy for generation of 
electrical power. The master control system shall control the 
solar steam supply system eUid the existing plant equipment in a 
safe and reliable condition under all modes of operation.
4.3.3.1 Operational Modes
The master control subsystem allows the operator to select one of 
three plant operating modes: a fossil mode, solar mode, or
combined solar/fossil mode.
When the fossxl mode has been selected, the solar repowering 
system is isolated from the exxsting fossil-fueled power plant. 
In this mode, the control system allows the unit to be placed in 
either boiler-following or turbine-following control modes.
During boiler-following control, the fossxl hoiler maxntains 
requxred steam condirions cuid flow required ny the turbine 
generator in response to a set load.
Turbxne-following control allows the boiler to operate 
independently with the turbine generator maintaxning required 
steam pressure at the turbine inlet, responding to whatever steam 
flow is made available.
With clear day insolation available, the operator may select a 
solar mode of operation. The fossil boiler is isolated from the 
balance of plant (BOP) equipment and the solar repowering system 
and the unit is placed in a turbine-following mode. The solar 
maxn receiver, solar reheat receiver, and the collector subsystem 
are automatically controlled to maximize thermal energy output 
from the solar steam supply system. The turbine inlet control 
valves are automatically positioned to maintain stable steam 
condxtions to the turbine.
When meteorological conditions are unstable or when it is 
economical to operate the fossil portion of the tmit, the master 
control system may control the plant xn a solar/fossil mode. In
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t±ie solar/fossil mode, the steam from the solar receivers and the 
fossxl boiler are combined prior to bexng admitted to the 
turbine. The control system operates the solar steam supply 
system to maximize thermal output and uses the fossil boiler to 
supplement steam to meet the \init*s load demand.
4.3.3.2 Plant Operating Control Philosophy
The master control subsystem shall operate the plant under all 
conditions including startup, shutdo%m, transiezft., steady state, 
and emergency operation.
The plant control system controls superheat and reheat steam 
temperatures and pressure from the solar receivers, and protects 
the turbine generator from excessive transients.
During operation of the solar receivers, feedwater flows tnrough 
two new solar feedwater heaters in serxes to the solar feed 
pumps. A conventional three-element control system maintains 
stable receiver operation durxng normal and transient operation 
by controlling feedwater flow in resp>onse to changes in steam 
flow and drum level. Solar main steam flow leaving the 
superheater section of the main receiver combines wxth the fossil 
main steam syst^ upstream of the high pressure txirbine inlets. 
Part of the cold reheat steam flow exiting the high pressure 
section of the tzirnine is diverted to the reheat receiver. Uxgh 
temperature reneat steam flow from the solar reheater combines 
with the fossil boiler reheat steam upstream of the inlets to the 
intermediate stage of the turbine. Reheat temperature is 
controlled by attemperation and, it necessary, varyxng incident 
flux on the reheat receiver.
The turbine is modified to provide improvements in long-term 
cycling capability. The existing turbine controls are modxfxed 
to allow turbine-following operatxon. Boiler controls are 
replaced as necessary with a state-of-the-art cciaputer-based 
system to provide additional ccxitrol flexibility response and a 
natxiral interface with the solar subsystem controls. The Newman 
Unit 1 control room is expanded to integrate the solar repowering 
controls with the existing equi^Mnent.
Splitting low temperature (LT) reheat flow between the reheat 
receiver and the reheat section of the fossil boiler provxdes 
additional advantages. Operating the fossil boiler at low loads 
generally results xn some loss of reheat temperature, which can 
be compensated for somewhat by burner manipulatxon and increasing 
excess air. If the unit is ever converted to oil, xt is expected 
that convective heat absorption in the reheat section will be 
further reduced due to increased radiant energy produced ny an 
oil flame, resulting in a significant degradatxon in reheat 
temperature. Splitting LT reheat flow between fossil and solar 
reheaters provides the capability of increasing fossil boiler 
reheat temperature by reducing LT reheat steam flow to the fossil
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boiler. Since -the solar reheater is oversized to supply reheat 
steam at low insolatioi'i levels, the excess solar reheat 
capability is available to accept higher reheat flow and to 
provide full reheat temper attire at the higher insolation levels. 
Fossil reheat temperattire is maintained in this way without 
increasing excess air and, therefore, the fossil boiler operates 
more efficiently at lower loads.
Operator decisions will be required regardxng solar-only 
operation. Approximately 1 to 2 hours is required to bring the 
fossil boiler frcxn warm standby to minimum automatic operation 
(28 percent load). Whenever there is a signxficant possibility 
of rapid loss of solar steam, c^eration of the fossil boiler will 
be required to protect the turbine from excessive temperature 
gradients and to avoid loss of steeun pressure which will trip the 
turbine. Until operating experience is obtained wxth the iwit, 
it will be necessary to operate the fossil boxler whenever the 
solar receivers are in operation.
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k.H SITE REQUIREMENTS
The solar repowering system requires approximately 1.09 km* 
(269 acres) of land adjacent to Newman Unit 1 for the solar 
collector field. The concrete tower for the solar receivers and 
the solar feed pxrnip house is located as close as practical to the 
existing luiit to minimize the cost of piping and electricals 
between the existing unit euid the solar equipment» An air 
conditioned equipment room is located at a level just below the 
platform supporting the receiver superstructure.
Site prepcuration for the solar repowering system includes minor 
grading and surface preparation. Farm to Market Road and a 
transmission line that currently transect the site will be 
rerouted. A new paved access road to the Newman Station and a 
paved perimeter road arotind the heliostat field eure provided to 
support vehicular traffic and provide for heliostat field 
maintenance and security, respectively.
Heliostats will be excluded from portions of the collector field 
where existing equipment and piping rights-of-way are reqtiired, 
euid where relocated and future transmission line rights-of-way 
will be established.
Drainage ditches are required to channel rainwater from the solar 
collector field to minimize erosion of the graded sxirfaces and 
protect foundation integrity. The solar repowering sxte 
requirements include fences to protect against unauthorized entry 
to the site.
New site facilities require additions to the existing control 
room and maintenance building, and a new solar feedwater p\imp 
house.
The control room requires a second level to house the solar 
repowering electronic equipment. The extended control room areas 
are air conditioned to provide correct ambient teraperatvire for 
the new computers cuid associated equipment. The second level 
provides new toilet facilities. An addition to the maintenance 
building is required to enable plant personnel to repair and test 
complete heliostat assemblies. Additional ventilation equipment 
is required to circulate fresh air through the maintenance area.
The solar feedwater pump house is required for the solar feed 
pumps and the solar repowering equipment switchgear.
The existing fire protection system must be extended to protect 
the new site facilities. Hydreuits and hose stations are 
necessary aroiind the solar feedwater pump house and maintenance 
area. Hose stations will be provided at the various levels 
inside the solar receivers tower.
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Outdoor lighting is to be provided along the solar collector 
field perimeter road and at the base and upper levels of the 
tower. Aviation warning lights will also be provided.
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4.5 SYSTEM PERFORMANCE
A simplified flow schematic of the solar repowered Newman Unit 1 
is shown in Figure 4.1-2 with the primary solar receiver in 
parallel with the fossil boiler and the solar reheater receiver 
in parallel with the fossil reheater. In this concept the 
turbine-generator can produce electrical power with steam 
provided from either the solar or fossil boiler/reheater or from 
a cmbination of both. In the hybrid operational mode (steam 
supplied by both solar and fossil), the feedwater exiting the 
feedwater pumps is split, with part of the flow going to the 
fossil boiler and the remainder passing through two solar 
feedwater heaters to the suction of the solar feed pvimps. The 
solar feed pumps boost the feedwater pressure to overcome 
pressure losses in the solar receiver and piping due to the 
height of the receiver. High pressure steam is generated and 
superheated in the primary solar receiver. This steam is 
combined with the steam generated in the fossil 
boiler/superheater and expanded through the high pressure 
turbine. The steam from the high pressure turbine is then split 
(in approximately the same fractions as on tne high pressure 
cycle) between the solar and fossil reheaters- After the steam 
is reheated, it is combined and introduced into the rntermediate 
pressure turbine- The existing turbine extraction cycle remains 
unchanged.
4.5.1 Normal Operating Analysis
The conceptual design of the solar repowered Newman Unit 1 is 
based on the following design and performance parameters.

• Solar collector field is sized and configured to produce 
a net electrical output power of 41 MW when operating in 
the ccwnbined solar/fossil mode (total net electrical 
output 82 MW at noon winter solstice).

• Solcu: insolation is 1,000 W/in*.
• Heliostats are placed in a radial stagger arrangement so 

as to minimize the effects of blocking and shading.
• Solar energy is used both to generate and superheat 

primary steam and is used for reheat.
• Heliostat design is based on a typical second generation 

heliostat.
• Repowered unit is operated with steam produced from 

either the solar or fossil boiler, or from a combination 
of both.
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• Heliostat field size is based on the use of the MIRVAL 
computer code, which has been developed by Sandia 
Livermore, along with two preprocessor codes.

Overall system perfozmance has been estimated at the noon winter 
solstice design point emd for annual average conditions.
During the previous study, the design point for the repowered 
unit was selected to achieve 50 percent repowering at noon summer 
solstice with an insolation level of 950 watts/m^^. “nixs design 
point matched £PE*s system peak demand for the xinit utilizing a 
conservative estimate of the available insolation in the El Paso 
region. During this study, the design point was reassessed on 
the basis of EPE*s anticipated demand for the unit, insolation 
data representative of the typical meteorological year (TMY), and 
preliminary data from insolation measurements currently being 
obtained at the Newmcin Weather Station. The design point has 
been revised to achieve 50 percent repowering at noon winter 
solstice with an insolation level of 1,000 watts/m*. The reverse 
design point was primarily selected in order to minimize 
investment in capital equipment (noon winter versus noon summer) 
%diile at the same time meeting the unit demands of the EPE 
system. The insolation level of 1,000 watts/m* was selected 
based on TMY data. The preliminary short term data from Newman 
Weather Station, however, indicates that insolation levels in 
excess of 1,000 watts/m* frequently occur; thus, the design 
insolation level may be adjusted in future phases, if warranted, 
freon "long term" weather data.
At the design point, 108.9 MW of thermal power is absorbed by the 
steam in the two solar receivers. The thermal power incident on 
the receiver surfaces is 129 MW which is based on the above 
thermal power absorbed by the steam and includes the losses that 
account for reradiation and convection from the receivers, euid 
the loss due to the reflectivity of the receiver surface.
The efficiency chart showing the various losses from the direct 
insolation to net electrical output is shown in Figure 4.5-1 for 
the design point operating mode at noon winter solstice. The 
efficiency chart for annual average conditions is shown on Figure 
4.5-2. This chart identifies the various components and their 
respective efficiencies which contribute to the overall design 
point efficiency.
The thermal power incident on the receivers at various times of 
the year for the conceptual solar field design (2,998 heliostats) 
is shown in Table 4.5-1 with the direct solar insolation at 
1,000 W/in*.
Receiver thermal efficiency was calculated to be 89 percent at 
the design point. Annual average receiver efficiency was 
estimated to be 75%. A more detailed description of receiver
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thermal efficiency is provided in Section 5.3.5.
The electric power generating subsystem (BPGS) efficiency is 
discussed in Section 5.5.3. Piping and blowdown losses are 
assumed to be 1 percent.
4.5.2 Solar Receiver/Fossil Boiler Transient Interaction
This section describes the solar transient analysxs that was 
performed during the previous contract to evaluate the 
consequences of cloud shadow passage over the collector field. 
The results described herein were reviewed during this study to 
assure that the incorporated design moditications did not 
preclude satisfactory operation of the unit during intermittent 
cloudy days. The results from the previous study are included 
herein for completeness.
The basic objective of the model is to obtain the dynamic system 
response to various cloud cover transients. A second objective 
is to establish a reference system control scheme based upon tne 
system dynamics. The dynamic model Newman Solar Repowering Model 
(NSRM) used to analyze the solar receiver subsystem and the 
existing unit is based upon the mass, energy, and momentum 
dynamic equations representing the repowered unit.
Most of the dynamics of the model addresses the behavior of the 
solar receiver subsystem. The desired output is system response 
characteristics and trends which are a function of the solar 
receiver steam transport subsystem, solar insolation transients, 
solar receiver subsystem controller characteristics, and solar 
receiver stibsystem geometry.
The analysis was performed using the TAF analysis code. Using 
this digital simulation code, parameters, constants, and 
functions are easily modified. The model equations are written 
in FORTRAN language.
4.5.2.1 Assumptions for the Computer Simulation

Design Cloud Shadow Velocity
Since the transient response of the solar repowered unit is 
highly dependent on the rate of change of the solar insolation, 
representative cloud shadow velocities for annual average 
conditions and maximxim allowable conditions have been determined. 
In Figure 4.5-1 the average wind velocity at ground level for the 
year 1978 is reported to be approximately 4 in/s (9 mph) .
Based on the relationship for wind speed defined in Figure 4.5-2, 
the average wind speed is 8 m/s (17 mph) at a height of 609 m, 
which is the projected average cloud height. Also, the maximum 
wind operational limit for heliostat operation without
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degradat.ion is defined fo be 12 m/s (27 mpb) , which corresponds 
to 22 m/s (50 mph) at the 609 m (2,000 feet) elevation. For this 
amalysis, therefore, an average cloud velocity of 8 m/s was used 
to observe the control system response and set up initial 
controller gains for the model. A maximum operatxonal limit 
cloud velocity of 22 m/s was used to observe the control system 
response to rapid transients.

Cloud Characteristics
The design clouds are assvuned to be sharp-edged and opaque and to 
have shadows that are circular in form. While real clouds 
obviously do not conform to these criteria, these assumptions are 
made in order to facilitate computer modeling and are 
conservative in that they lead to more severe insolation 
transients for a given wind speed than would occur with real 
clouds. Three different cloud shadow sizes are modeled: 1609 m
(1 mile) in diameter, which results in a 100 percent loss of 
solar insolation incident on the collector field, one 599 m 
(1,800 feet) in diameter resulting in a 50 percent loss, and one 
187 m (615 feet) in diameter resulting in a 10 percent loss.

Linear Relationship Between Receiver Absorbed Heat and Steam
Flow

Heat energy absorbed by the receiver from solar insolation is 
used as the forcing function. Absorbed energy is normalized to 
percent of the full power design point for the receiver with a 
100 percent equal to the full power steady state condition with 
50 percent fossil steam flow and 50 percent solar steam flow, 
after losses supplying full design flow to the turbine. It is 
assumed that solar receiver steam drum inlet steam flow is 
directly proportional to the absorbed normalized power.

Relationship Between Primary Solar Receiver and Solar Reheat
Receiver and the Absorbed Heat Energy

The efficiencies of the primary solar receiver and solar reheat 
receiver are different. As cloud cover attenx»tes the solar 
insolation and the absorbed energy going into the solar receiver 
decreases, the reheat receiver absorbed energy drops faster than 
the primary receiver absorbed energy. To maintain the proper 
energy ratio into the primary and reheat receivers as insolation 
decreases, it is, therefore, necessary to refocus some of the 
heliostats from the primary receiver to the reheat receiver. The 
distribution of heliostats aimed at the reheat and primary 
receivers is altered to maintain the energy ratio. This gives 
identical primary and reheat receiver forcing function shapes 
with no time lags between primary and reheat receiver insolation 
transients. Figure 4.5-3 shows the general cloud tramsient 
forcing functions shape.
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Relationship for the Fossil Boiler Primary and Reheat. S-beam
Flow and Steam Temperature

The fossil boiler primary steam flow is simulated by a first 
order lag which is a f\inction of the pressure error at the high 
pressure turbine throttle valve inlet. The output steam flow is 
controlled by a proportional controller driven by the pressure 
error. Output steam flow demand is limited to a user determined 
maximum rate (initially 20 percent/min). The fossil boxler 
superheater and reheater are ass\imed to have perfect temperature 
control and outlet tanperature is set to 538®C. The reheat steam 
flow demand is directly proportional to fossil boxler primary 
steam flow, and flow control developed from a flow error between 
demcuided fractional flow and actual fossil reheat section flow.

Dynamic Model Working Fluid
The primary working fluid, superheated steam, is assvimed to be a 
con^ressible gas of single phase. This assumption simplifies the 
computer model, and transients from the full power operating 
points are not affected by this assumption.

Total Power Output
The computer simulation model is based on total gross power 
generation under steady state conditions. It is assumed that the 
solcu: portion would be operated at the maximum possible output 
for the insolation conditions and the balance of the gross 
electrical generation would be produced using fossil boiler 
steam. Two different solar/fossil operating conditions are 
considered. The first operating point xs 50 percent solar steam 
flow and 50 percent fossil boiler steam flow which results in a 
net power generation of 82 MWe. The second operating point 
considers 50 percent solar steam flow and 28 percent fossil 
boiler steam flow which results in a net power generation of 
63 MWe. The 28 percent fossil boiler steam flow is the minimum 
stable operating point for the boiler without temperature 
degradation to the turbine. From cm economic stemdpoint, this 
combination represents a preferred operating mode, therefore, it 
is considered in the transient analysis. For ail cases, power 
output is assumed to be a linear function of the high pressure 
turbxne steam flow and the intermediate txirbine steam flow.
4.5.2.2 Ccanputer Simulation Model
The transient analysis performed using TAi’ simulates an analog 
computer on a high-speed digital machine. The program solves a 
set of simultaneous differential and algebraic differential 
equations using numerical techniques. The problem is described 
using a state variable representation of linked first order 
linear differential equations. NSRM is composed of 1b control 
volumes with appropriate linking input and output variables. A 
block diagram of the model showing the independent and dependent
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variables is shown in Figure As the figure indicat.es,
most of the dynamics of the NSRM are located in the solar 
receiver subsystem. The primary solar receiver consists of two
stages of superheaters with the outlet t^i^rature controlled by 
atten^erator spray. The solar boiler section inlet mass flowrate 
is a function of the solar energy absorbed by the primary solar 
receiver.
The primary fossil boiler outlet temperature is assumed constant 
at 538®C to simplify the model. The primary fossxl boiler outlet 
mass flowrate is a function of the pressure error of demanded 
turbine inlet pressure cind actual turbine inlet pressure. Tne 
rate of fossil boiler outlet mass flowrate demand increase 
(decrease) is limited by use of an input variable.
For the reheat section, high pressure turbxne outlet flow is 
split between the fossil reheater and the solar reheater. In the 
solar reheater, the outlet pressure is controlled to maintain a 
preset total pressxire drop between the high pressure turbine
outlet cind the intermediate turbine inlet. In the fossxl boiler 
reheater, the mass flowrate demanded is a preset fraction of the 
total primeiry fossil boiler outlet mass flowrate. A proportxonal
band controller is used to drive the fossil boiler reheater
control valve based on the error between demanded reheat flow and 
actual fossil boiler reheat flow.
4.5.2.3 Cases
To observe the effect on the dynamic response ot the repowered 
system to clouds traveling across the collector field, several 
transients were analyzed. Two operating points were considered: 
total turbine steam flow (71.4 kg/s) and 78 percent flow
(55.7 kg/s). Table 4.5-2 presents a list of the cases examined 
in the analysis.
4.5.2.4 Conclusions
Figures 4.5-5 to 4.5-12 present the results ot the analysis for 
the 50 percent solar power and 50 percent fossxl power initial 
condition. Steam pressures, temperatures, and flows cu :e  plotted 
for the cases considered. There are two basic objectives which 
determine the control system settings. One is to maintain 
turbine steam flow consteunt in order to maintain electrical power 
output and to prevent txirbine-generator degradation due to 
transients. Second, it is necessary to hold turbine inlet 
pressure within 5 percent to avoid a turbine presstire trip.
Several key observations can be made from the transient analyses. 
The results show in Figures 4.5-5 through 4.5-7 that, for the 
average 8.0 m/s (17 mph) cloud velocity, the control system is 
able to maintain electrical power output nearly constcuit. High 
pressure tvirbine inlet steeun flow varies only ±10 percent for the 
50 percent field cover transient. The turbine throttle valve
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inlet pressure also changes by less than ±10 percent for this 
severe solar transient. There is little change in system 
response for the 50 and 100 percent field cover transients.
The rate of change of outlet steam flow of the fossil boiler is 
not a limiting factor for the average cloud velocity. fBiis caii 
be seen by comparing the 10 and 20 percent output limited cases 
(Fxgures 4.5-6 eind 4.5-11). With the 20 percent limit, the 
fossil boiler responds more rapidly; however, because of the 
system pressure response lag, with decreasing fossil flow and 
increasing solar receiver flow, there is still an overshoot in 
flow and pressure created at the inlet to the high pressure 
turbine throttle valve. A lower ramp limit will give less 
overshoot of fossil steam flow, but as solar steam flow 
increases, it will take longer to reduce the fossil boiler outlet 
flow. This will also generate a pressure transient. To reduce 
the transient time, it is better to have rapid fossil twjiler 
response.
In general, the high pressure section (primary solar and fossil 
steam superheaters) for the high pressure turbine sees more 
severe transients due to cloud cover. In the reheater section, 
the transient response is less severe. This attenuation in part 
is due to the lower operating pres stir es of this system.
For this analysis, the solar receiver is assumed to have similar 
attemperator spray flows as the existing fossil boiler design, 
approximately 2.0 percent flow. The results indicate that the 
attemperator spray should be increased and more steam snould be 
generated in the superheat sections of the solar receiver since 
the response of the model indicates that the attemperator spray 
quickly drops to zero for the 22 m/s cases, and steam temperature 
control is lost. With increased attemperator flow output, steam 
temperature transients can be reduced and tiie system will 
maintain pressure, flow, and power more easily.
At the 22 m/s meucimum cloud cover velocity, the steam flow to the 
high pressure turbine is stable with fluctuations less than 
±5 percent for the 10 percent cloud cover case (Fig\ire 4.5-8) . 
Likewise, power output remains very stable. With 50 percent 
cloud cover (Figxjre 4.5-9) , steam flow variations as high as 
±15 percent cure observed which res\ilts in a power-out variation 
of similar magnitude. For 100 percent cloud cover 
(Figxure 4.5-10), the variations in turbine steam flow and power 
reach levels of ±100 and ±20 percent, respectively. Although the 
transient rates for the 100 percent cloud cover are high, they 
are not excessive and can be reduced to acceptaole levels by 
proper adjustments to the control system and additional control 
inputs.
Figures 4.5-13 through 4.5-15 present the results of the analysis 
for the 50 percent solar power and 28 percent fossil power 
initial condition. This operating condition requires less usage
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of the fossil boiler* and the fossil boiler can reduce the 
turbine throttle valve steam flow trem,sient. Comparing 
Figures 4.5-9 and 4.5-14, the throttle valve stecun flow varies 
±13 kg/s (28.7 Ib/s) maximum for the 50 percent solar/50 percent 
fossil condition and varies ±10.9 kg/s (24.0 Ib/s) maximxm for 
the 50 percent solar/28 percent fossil condition. In all cases 
the pressure and flow overshoot can be reduced if the time rate 
of change of solar steam output is used as an additional control 
input. Currently the steam is controlled only on steeun pressure 
and this allows flows and pressures to overshoot-
Figure 4.5-15 shows the 50 percent solar power and 28 percent 
fossil power transient with a variable throttle valve position. 
Comparing Figures 4.5-15 and 4.5-6 shows that the turbine 
pressure transient is significantly reduced. Also, no 
significcuit steam flow overshoot is observable. The power output 
transient is related to the initial decrease in s t e ^  flow and 
the output does not overshoot when solar input again increases.
All cases considered indicate that the system is able to handle 
average velocity clouds with little degradation of the quality of 
electric power output. Some improvenaents can be made if other 
control inputs are added to the turbine inlet press\ire control 
scheme, such as solar steam flow rate. Also, reducing the 
operating steam flow of the fossil boiler, using 80 percent rated 
turbine steam flow as the steady state operating condition, will 
reduce transients. Reducing the system operating pressure with 
the reduced steam flow will improve transient operation by 
allowing a slightly more severe pressure transient before causing 
a turbine trip.
4.5.3 SOLTES-1 Computer Data
SOLTES 1 is a Sandia National Laboratories (SNL) Computer Code 
simulating the steady state performance of thermal energy 
systems. The code consists of a set ot compurer algorithms 
modeling individual components of a thermal power plant.
Figure 4.5-16 shows the flow schmatlc used for the SOLTES code 
to portray the solar repowered Newmcui Unit 1. The flow sctiematic 
defines the state points and the components included in the 
simplified system model. The input data for the code is listed 
in Appendix C along with the EP6S efficiency for part load emd a 
graphic representation of the solar boiler efficiency.
Input and decks for two preprocessing programs emd for MIRVAL 
input data were prepared by Westinghouse and sent to SNL. The 
first preprocessing program calculated the oprimum heliostat 
locations for the specific heliostat and field dimensions used in 
this study. The second preprocessing program, BOX, grouped the 
heliostats into sets to allow faster computations in MIRVAL. The 
MIRVAL input card deck included design point input data and 
program update commands.
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The dat:a provided is to be used as input to SNL*s system modeling 
effort. It should be noted that the work completed is only a 
partial effort and further work is necessary to arrive at a 
accurate dynamic model of the system. The ctirrent SOLTES code 
does not permit dynamic efficiency modeling of the various 
components. Development of dynamic algorithms and a more 
complete flow schematic, inclxiding feedwater heaters eoid all 
piping, are required to accurately model the system.
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TABLE U.5-1
CONCEPTUAL SOLAR FIELD PERFORMANCE

Power Incident 
on Receivers 
_____ <MWt)

Noon summer solstice 120
Noon equinox 128
Noon winter solstice 129
10 a.m. winter solstice 110

9 a.m. Winter solstice 89
Annual averaae 71

1 ot 1
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TABLE 4 .5 - 2  

L IS T  OF CASES

C loud  C over C loud Snadow I n i t i a l  C ondxtions
Fossil Borler Flow 
Output Mamp Liaiit, T u rb in e  T h r o t t le

1%) V e lo c it y  (m/s> S o la r /B o x le r .  k F low % P er M inu te V a lv e  P os itxo n

10 8 .0 5 0 /5 0 2 0 .0 C onstan t
50 8 .0 5 0 /5 0 2 0 .0 C onstan t

100 8 .0 5 0 /5 0 2 0 .0 C onstan t
10 2 2 .0 5 0 /5 0 2 0 .0 C onstan t
50 2 2 .0 5 0 /5 0 2 0 .0 C onstan t

100 2 2 .0 5 0 /5 0 aO.O C on stan t
50 8 .0 5 0 /2 8 2 0 .0 C on stan t
50 2 2 .0 5 0 /2 8 2 0 .0 C on stan t
50 8 .0 5 0 /5 0 1 0 .0 C onstant
50 2 2 .0 5 0 /5 0 b .3 Constcuit
50 8 .0 5 0 /2 8 2 0 .0 V a r ia b le

IS I
I

1 o f  1
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4.6 PROJECT CAPITAL COST SUMMARY
The capital cost estimate for solar repowering of Newman Unit 1 
is summarized in Table 4.6-1. The costs shown include the direct 
costs, distributable (construction-related) costs, indirect 
(engineering and project management) costs, an allowance tor 
xndeteminates (contingency), escalation, owner's costs, and an 
allowance for funds used during construction (AFUDC). The basis 
for calculating the direct costs for each subsystem is presented 
in Section 5- The basis for each of the costs other than direct 
cost is discussed in this section. Also, the approach and 
methodology utilized in developing the cost estimate and the 
accuracy and sensitivity of the estimate relative to key 
assumptions are described. A definition of cost accounts 
included in the direct cost estimate is presented in Table 4.6-2.
The total estimated construction and related costs for solar 
repowered Newman Unit 1 is $136,400,000 (December 1986 dollars). 
This estimate is based on an assvuned installed collector field 
cost of $ 198/m*, including foundations, field wiring, 
installation, and the delivered cost of collector equitMnent- The 
accuracy of the balance of the estimate is approximately 
±20 percent. The accuracy of the heliostat field cost is very 
difficult to determine at this time, and variations in this cost 
have a svibstantial impact on the total estimate. For example, if 
the installed cost of collector hardware were to vairy from 
$150/ra* to $350/m*, the corresponding total estimated 
construction cost would vary from $121.7 to $182.9 million 
(December 1986 dollars) . The total cost is based on the 
engineering and construction schedule discussed in Section 7, 
requiring approximately 27 months of engineering, 18 months of 
construction, and 6 months for checkout and startup.
4.6.1 Direct Costs
The total direct costs estimated for this project are 
$61.8 million. Direct costs aore defined as the present day 
(1982) material and ledior costs associated with the delivery and 
installation of each subsystem identified in the initial 
conceptual design.
The approach utilized to estimate direct costs involves the 
development of engineering data; preparation of equipment lists 
or descriptions of groups of equipment or svibsystems; the 
accumulation of data for materials costs, based on similar 
estimates for other projects, information provided by equipment 
vendors, euid published data; the development of estimates for 
labor associated with installation of each siibsystem or loajor 
piece of equipment based on experience with similar 
installations; and the application of labor rates representative 
of the El Paso area.
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Labor rates are based on a rate survey by Stone 6 Webster *s 
Construction Department. Contract labor rates used vary from 
$19.00 to $36.00, depending on the craft- Total direct lcdx>r 
cost is $17-7 million-
Figure 4.6-1 visually summarizes the major portions of the direct 
costs. The largest cost element is the cost of collector 
equipment. The sensitivity of the total direct cost to the cost 
of collector equipment is illustrated in this figure. As shovm 
in the direct cost breakdown, the heliostat cost is approximately 
59 percent of the total direct cost. Figure 4.6-2 shows the high 
($350/m2) and low ($150/m2) heliostat cost cases in comparison to 
the base case ($ 198/m*) . The heliostat cost ranges from 53 
percent of the total direct cost for the $750/^1* case to 
approximately 71 percent for the $350/m* case.
4.6.2 Dxstributable Costs
Distributable costs include the cost of construction equipment, a 
field office and office supplies, construction management, 
insurance, overhead, and taxes. They are estimated using 
14-7 percent of the direct labor cost. This percentage was 
derived based on experience with similar ccxistruction activities. 
The estimated distributable cost tor this project is 
approximately $2.6 million in 1982 dollars.
4.6.3 Indirect Costs
Indirect costs primarily include the cost of engineering euid 
design work. Principal activities include the development of 
detailed engineering information; preparation of drawings, 
equipment lists, and specifications; procurement of 
subcontractors and major pieces of equipment; development of 
detailed cost and scheduling information; and project management. 
Indirect costs are estimated at 15 percent of the total direct 
costs. This percentage was based on very preliminary estimates 
of engineering labor developed for most of the expected 
engineering and design effort, and includes an allowance for 
extensive detailed engineering for the collector system.
The total estimated indirect cost is approximately $9.3 million 
in 1982 dollars.
4.6.4 Allowance for Indeterminates
An allowance for indeterminates of about 15 percent is applied to 
the sum of directs, indirects and distributables, and included 
due to the uncertainty associated with the cost estimate in terms 
of the current state ox evolution of technical information. This 
allowance is intended to cover possible cost increases resulting 
from the development of more specific information during detailed 
design.. This percentage is based primarily on judgment applied 
by the El Paso Electric Company. This is considered the most
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reasonable approach pending the receipt o± tirm cost estimates 
from mcmufacturers. An example of the impact of doubling the 
delivered cost of collector equipment is provided at the 
beginning of this sectxon to illvistrate the implications brought 
about by considerable uncertainty in the cost of the collector 
equipment•
The allowance for indeterminates included in the estimate is 
approximately $10.7 million in 1982 dollars. This amount was 
calculated based on 15% of the directs, indirects, and 
distributables reduced by $.4 million to account for a slight 
increase in direct costs that acc\irred after the economic 
analysis was initiated.
4.6.5 Escalation
Escalation is computed on the basis of 8 percent/year to allow 
for increases in the costs of material and lcUt>or between 1982 and 
the actual dates equipment is procured. Escalation was applied 
to the total present-day cost (excluding owner"s costs) for the
projected expenditures schedule resulting in an average
escalation period of 3.6 years. The resixLting escalation is 32.3 
percent of the present-day cost or approximately $27.4 million.
4.6.6 Owner*s Costs
Owner*s costs estimated for this project are approximately 
$4.1 million. A breakdown of the owner's costs is presented in 
Tahle 4.6-3. Each component of the owner's costs includes 
appropriate escalation allowances and is described in the
following sections:
4.6 .6.1 Relocation of Transmission Lines
The proposed plant arrangement for repowering Newman Unit 1 will 
require relocating some existing and planned transmission 
facilities. Engineering and construction costs for relocating 
existing transmission facilities are $0.36 million, and 
$0.32 million for relocating future transmission facilities 
(which would be installed before 1986) for a total of 
$0.68 million. In addition, the cost of an estimated 0.49 km^
(121 acres) of right-of-way cure included.
4.6.6.2 Highway Relocation
The estimated cost for relocating Farm to Market Road 2529 which 
borders the existing Newman Station at its northern boundary is 
estimated to he approximately $1.04 million. This estimate is 
based on relocating the highway to the north as sho%m in 
Figxire 4.1-3.
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U.6.6.3 Wastewater Disposal
Existing wastewater at the Newman Station is utilxzed tor 
irrigation of land just to the north of the site. Location of 
the collector field in that area will necessitate eui alternative 
arrangement for waste water disposal. The cost of relocating 
this Irrigation activity has not yet been determined, however. It 
shotild be relatively small.
4.6.6.4 Environmental Studies
An allowance of $0.1 million Is Included to cover the cost of 
environmental studies, which may include a survey of 
archaeological sites, treuisportatlon impacts, site siirface 
preparation alternatives, and the study of other environmental 
considerations that may be necessary to support licensing and 
public relations efforts.
4.6 .6.5 Public Relations
An allowance of $0.05 million is included to cover the cost of 
public relations activities associated with future phases. This 
would not be sufficient to cover the cost of a Visitor Center at 
the site, but Is intended to include the development of 
Infoinnation to secure public support for the project.
4.6.6.6 Site Land Procurement
An estimated 1.1 Icm* (270 acres) of land will be req\ilzed for the 
new facilities associated with repowering Newman Unit 1. The 
cost of this land is approximately $0.94 mlllxon at an assumed 
cost of $0.86 per m* ($3,500 per acre).
4.6.6 .7 Relocation of Employee Park
Ihe cost of relocating the existing employee park located north 
of Newman Unit 1 is estimated to oe approximately $0.2 million. 
This estimate Is based on the cost of procuring 0.08 ]on* 
(20 acres) of land elsewhere at an asstuned cost of $0.86/in* 
($3,500 per acre), plus an allowance of $0.1 million for the 
development of recreational facilities.
4.6.6.8 Perimeter Lighting
An estimated 51 fixtures spaced every 250 feet arotind the 
perimeter of the heliostat field will be used for perimeter 
lighting. Each fixture will include a 30-foot wood pole with a 
250-watt high pressure sodium lamp. The cost for perimeter 
lighting is approximately $0.16 million in 1982 dollars.
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4.6.7 Allowance for Ftmds Used During Cons1:ruct.ion (AFUDC)
AFUDC is included to cover the cost of capital invested in plant 
equipment before plant commercial operation. AFUDC is calculated 
at an annual simple interest rate of 13.5 percent applied to the 
total estimate (excluding owner*s costs) using the projected 
expenditures schedule. This results in an equivalent AFUDC 
period of about 1.3 years. AFUDC is therefore estimated at
approximately $19.5 million.
4.6.8 Spare Receiver Panels
Two spare receiver panels have been included in the budget 
estimate. The cost has been escalated to the commercial 
operation date (Dec. 1986) and is approximately $0.7 million.
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TABLE 4.b-1 
CONSTROei’lOM COST ESTID4ATE SUMMAKY

Account/Description
5000 Facility Cost

5100 Site Improvements 
5200 Administrative Areas 
5300 Collector System 
5400 Receiver System 
5500 Conr.rol System 
5600 Fossil Energy System 
5700 Energy Storage System 
5800 Electric Power Generation

(In Thousands Of Dollars)

l̂ ifOO
600

3b,b00
13,700
4,300

5,900
Total Direct Cost 63,000
Productivity Adjustment of 0.95  (900)
Total Direct Cost Including 
Productivity Adjustment 62,100

Distrinutable Costs 2,600
Total Construction Cost b4,700

Indirect Costs 9,300
Total Construction and Indirects 74,000

Allowance for Indeterminates 10,700
lutai Present-aay Estimate (1982 dollars) 84,700

Escalation 27,400
Escalated Cost 112,100

Owner*8 Costs 4,100
AFUDC 19,500
Spare Receiver Panels _____700

Total (1986 Dollars)* 5136,400
* The term "19 86 dollars'* used in this report refers tc the 
estimated total cost of tlie project for December 1986 commercial 
operation including escalation and AFUDC allowances consistent 
with anticipated cash flow.
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TABLE 4.6“2 
DIRECT COST ACCOUNT SCOPE DEFINITION

Direct.
Cost

Accovmt Definition/Scope (1982
5000 Total Direct Cost - Solar Repowering Newman 

Unit 1
5100 Site Improvements 1,905,000

5110 Clearing and GruObing - heliostat
field and roads 4 95,000

5120 Diversion Cheinnel and Drainage -
heliostat field 308,000

5130 Crushed Rock Surface - heliostat
field 86,000

5140 Roads and Fencing - entire site 1,016,000

5200 Site Facilities (Structural and Electrical
Work Only) 5 86,000

5210 Control Room Extension 199,000
5220 Solar Feed Pump Building 105,000
5230 Maintenance Building Extension 282,000

5300 Collector Subsystem 36,522,000
5310 Heliostats - delivered and assembled 21,086,000
5320 Heliostat Installation 2,102,000
5330 Heliostat Foundations 3,525,000
5340 Field Wiring, Electrical, cUid

Controls 7,187,000
5350 Power and Control to Battery Limit

of Field 1,496,000
5360 Beam Characterxzation System (BCS) 1,176,000

1 of 2
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TABLE 4.6-2 (Cont)

Accoxmt Definition/Scope
5400 Receiver Subsyst-em

5410 Receivers - Primary and Reheat
5420 Tower - includes foundation, plat

forms, equipuent room, etc
5430 Electricals - power supply to tower

and receiver

Direct
Cost
(1982
13.715.000
11.140.000

2,460,000

115,000

5500 Control Svibsystem 4,327,000
5510 Master Control System - Includes all

new control and control roodifi cations 
except BCS (5360), DEH (5810), and 
miscellaneous instrumentation (5520) 3,049,000

5520 Miscellaneous Iiistrximents - Fossil
boiler combustion controls, feedwater
controls, and steam temperature eind
and flow controls 1,278,000

5800 Electrical Power Generating Subsystem
5810 Turbine-generator - Digital Electronic

Hydraulic Control System (replaces 
existing mechanical hydraulic 
controls)

5,951,000

5820

5830

1,186,000
Piping, Heaters, and Primps - solar feed
water heaters; solar feedwater pumps; 
m a m  and reheat steam piping and feed
water piping from receiver to inter
face with existing piping at the tur
bine building. Includes pipe supports, 
insulation, and all valves except con
trol valves (in 5520)
Electrical - All electrical equipment 
and power supplies except heliostat 
field wiring, receiver, and tower 
electricals

4,110,000

665,000

2 of 2
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TABLE 4.6-3 
OWNER'S COSTS

Desciiption (In Thousands oj: 19b2 Dollars)
Relocation of Transmission Lines

Right-Of-Way Land i 566.0
Engineerxng and Construction 679.0

Relocating State Highway 1,040.0
Environmental Studies 100.0
Public Relations Activities 50.0
Site Land Requirement 942.0
Relocating Employee Park 199.0
Perimeter Lighting 156.0

Total $3,732.0
Total Owner's Cost With Escalation $4,078.0
Use $4,100.0

1 of 1
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4.7 OPERATIONS AND MAINTENANCE COSTS AND CONSIDERATIONS
Operations and maintenance (06M) costs xn Dec. 1986 dollars have 
been estimated tor solar repowered Newman Unit 1. Annual fossil 
08M costs are approximately $1,002 thousand/year. Annual 
additional OSM costs for the solar portion only are estimated at 
approximately $832 thousand/year an Dec. 1986 dolleurs. Total 
annual 06M as estamated at $1.8 million/year. These costs are 
broken down into operations, maantenance materials, ana 
maintenance labor in Table 4.7-1 and discussed an the tollowanij 
sections.
4.7.1 Operations
The operations costs category, OM100, includes tne cost of wages 
for unit operating personnel, the cost ox operating consumables, 
and other fixed costs incurred whether or not tlie unit operates.
Unit operating personnel for the existing and repowered Newman 
Onit 1 are listed in Table 4.7-2. An estimated 13 full-time 
(equivalent) employees are cxirrently assigned to Newman Unit 1. 
This number would be expanded to approximately 24 employees for 
solar repowered Newman Unit 1. Since various employees are 
shared among the four units at the Newman Station, tractions of 
employees represent the estimated amount of their time spent 
working on Unit 1. Salaries and overhead for the fossil portion 
of the unit were found to be approximately $284,000 per year in 
1982 dollars. Estimated additional salaries and overhead for the 
solar portion is about $76,000 per year in 1982 dollars. Total 
operations costs for OM110 escalated to Dec 1986 dollars are
$382,000/year or an addition of $106,000/year for the solar 
addition only.
A total allowance of $89,000/year in Dec 1986 dollars is included 
for supplies cons\imed at the site on a regular basis, such as 
makeup water, water treatment chemicals, cleaning supplies, 
office supplies, paint, lubricants, etc. Current costs for these
items at Newman Unit 1 in operating consumables, OK120, are
approximately $51,400/year in 1982 dollars.
Other fixed operating expenses, OM130, include items such as 
rents, wastewater disposal, etc. A total allowance of
$11,000/year in Dec 1986 dollars is included to cover these 
costs. Current cost for tnese items is approximately $5,350 
(1982 dollars) .
Total costs for OMIOO, Operations, is approximately $568,000 in 
Dec 1986 dollars, or an additional $127,000/year for the solar 
addition only.
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<4.7.2 Mainl:enance Mat.erials and Maintenance Labor
Maintenance material and labor costs were estimated based on 
judgment and experience with maintenance and repair costs 
associated with power plant equipment. Maintenance costs were 
considered primarily tor three categories: heliosis ts,
receivers, and balcuice-of-plant. Heliostats and receivers are
considered developmental; therefore, tne allowance tor 
maintenance of these components is greater than tor the balance- 
of-plant equipment.
Heliostat aimual maintenance and repair costs are assumed to be 
$100 per heliostat per year, or approximately $449,000/year when 
escalated to Dec 1986 dollars.
Receiver maintenance and repair cost is assumed to be similar to 
fossil boiler costs, or $235,000/year in Dec 1986 dollars.
Total balance-of-plant maintenance and r^air costs are estimated 
based on recently reported maintenance-related costs for the 
Newman Station escalated to Dec 1986, or approximately 
$561,000/year. This sum includes an additional allowance of 
$20,000/year in Dec 1986 dollars for additional coiaponent 
maintenance and repairs associated with modifications of existing 
unit.
The above values were distributed per 06M costs accounts for 
OM200 and OM300, utilizing the following assimptions:

55/<*5 material/labor split for all solar addition maintenance
Split between OM210 Spare Parts and OK220 Material for 
Repairs based on historical levels; except additional 
heliostat maintenance and repair materials are allocated to 
01:4220 based on anticipated restockiixg capability.
No items applying to OM230 Other.
33/67 split between scheduled and corrective labor in OM300 
recognizing the continuous maintenance activity required tor 
the heliostat field.

Total annual OM200 Maintenance Materiails cost is approximately 
$738,000 in Dec lr#86 dollars. Total annual OM300 Maintenance 
Labor is estimated at $510,000 in Dec 1966 dollars.
Solar only Maintenance Materials, OM200, cost is $383,000 in Dec 
1986 dollars, or approximately 50 percent of the account total. 
Solar only Maintenance Labor, OMiOO, is estimated at $322,000 per 
yecir in Dec 1986 dollars, or approximately 63 percent of the 
account total.
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TABLE 4 .7 - 1

ANNUAL PLANT OPERATION AND MAINTENANCE COSTS 
( In  Thousands o f  D ec.  1986 D o lla r s )

OMIOO Qpera-tions
OM110 O p e ra tin g  P erso nn e l 
OM120 O pera-ting Consisnables 
OM130 O th er F ix e d  Expenses 

S u b to ta l

F o s s i l
E x is t in g

Solar
A d d it io n

106 
17 

__4

Annual
Total

127

0M200 M aintenance M a te r ia ls

OM210 Spare P a r ts
0M211 T u rb in e  and E le c t r ic a l  P la n t  
0M212 C o l le c to r  Equipm ent 
OM213 R e c e iv e r Equipm ent 
OM214 Therm al S to rag e  Equipmient 
OM215 F o s s i l  B o i le r  Equipm ent 

Spare P a rts  S v ib to ta l 
OM220 M a te r ia ls  f o r  R e p a irs  
OM23 0 O th er  

S u b to ta l

CM300 M aintenance la b o r

10
0
0
0

27
37

316_0_
353

60
27

87
296

"383

10
bO
27
0

27
124
612

736

OH310 Scheduled M ain tenance  
OH320 C o r re c t iv e  M aintenance  

S u b to ta l

94
94

188

104
218
322

T o ta l 1,002 832 1,834
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TABLE U.7-2 
UNIT OPERATING PERS<»Q1EL

I

Operat-ioiis
Station Superintendent 
Supervisor of Operations 
Supervisor of Maintencunce 
Plouit Engineer 
Station Clerk
Operating Shift Supervisor 
Control Operator 
Assistant Control Operator 
Plant Equipment Operator
MaintencUice
Electrician
Boiler euid Condenser Mechanic 
Maintenance Helper 
Utility Man 
Instrument Technician 
Chemical Technician 
Jeinitors and Ijandscaping

Allocation of 
Employees Assigned 
to Solcir Repowered 
Newman Pnit I

0.25
0.25
0.25
0.25
1.25
1.00
2.75
0.75
0.75

3.50
5.00
3.00 
0.75
2.75 
0.50
1.00

Allocation of 
Existing Employees 

at Newman 
______ unit I_____

0.25
0.25
0.25
0.25
0.25
1.00
0.75
0.75
0.75

1.50
3.00
1.00 
0.75 
0.75 
0.50
1.00

Mew Employees 
For Solar Repowering 
of Newman Onit I

2<t.00 13.00

2
2
2

11
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4.8 SYSTEM SAFETY
A preliminary review of the safety consideratrons for the 
conceptual design of the solar repowered Newman Unit 1 is 
reported in this section. The potential safety hazards 
associated with thxs (or any) application of solar central 
receiver tectoology are those related to the use of a large field 
of 2,998 heliostats to reflect sunlight to a receiver located at 
the top of a relatively tali tower with a centerline height of 
155 m (509 feet). This review did not identify any hazards that 
would preclude the sate construction and operation of the solar 
repowered vinit. The conclusions resulting from this review are:

Recent experimental data tend to confirm the validity of 
analytical models used to predict the effects of stmlight 
reflected from heliostats and solar receivers. Safety 
hazards peculiar to the solar subsystem can be controlled, 
eliminated, or mitigated by the use of personnel protective 
equipment, exclusion zones, careful design and location of 
equipment and combustible materials, and the use of appi;oved 
procedures for operation, maintenance, and emergency 
situations.
Specific restrictions are imposed by FAA regulations on the 
construction of tall towers. It may be necessary to create 
an aircraft exclusion zone around the solar repowered 
facility due to the height of the tower and reflected
sunlight, and this can be accomplished in cooperation with 
the FAA-
Other safety hazards which are identified are not unique to a 
solar repowered facility but rather relate to mature 
technology typically used in the electric utility industry. 
These hazards can be controlled, eliminated or mitigated 
using standard utility Industry safety practices and by 
applying existing codes, regulations and standards.

4.8.1 Technical Approach
The technical approach employed to develop and evaluate
preliminary health and safety considerations consisted of
(1) reviewing the system safety analyses reports prepared for the 
Central Receiver Test Facility (CRTF) an Albuquerque, New Mexico 
and the Barstow Pilot Plant at Barstow, California and
(2) identifying potential hazards and the corresponding
subsystem(s) in which these hazards can occur. This approach
results, in most cases, in identifying possible causes for the 
hazardous conditions and specific corrective actions to be 
pursued to mitigate the severity or frequency of occurrence, or 
to eliminate the hazard entirely. A complete health and safety 
assessment of the solar facility at EPE Newman Unit 1 will be 
required in subsequent phases of this program. This assessment 
will be based on the final design of the solar siibsystem as well
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as on the spec^-tlc Qomponents and working tlulds selected for the 
solar repowered unit*
In developing an approach to specxtyir.g the health and safety 
considerations appropriate to the solar repowering program, 
several items will need to he delineated and/or evaluated: 1) the 
objectives of the health and safety program, 2) the applicable 
design guidelines, requirementsand regulations for health and 
safety, mcuiy of which have already been identified tor the 
barstow Plant, 3) the types of hazaurds which need to be 
considered during the sxibsequent phases of the progratm, and 
4) the definition of a recommended set of safety related 
categories to be utilized in the analysis. A detailed health and 
safety analysis which will need to be performed will treat the 
following types of hazards associated with the solar repowering 
application: solar reflectance, working fluid (steam and hot
water), electrical, mechanical, malfunction, and maintenance 
hazards.
In addition, several other potential problems which extend beyond 
the normal health and safety of operating personnel will require 
investigation. These include a) the health and safety 
considerations of the general public, as well as visitors to tne 
facility, b) transportation (both vehicxilar and airline modes)
and its impact on safety, and c) the environmental and 
reliability considerations.
4.8.2 Literature
A ntimber of reports nave been issued that address the safety
aspects that are vinique to the application of a solar central 
receiver system. The primary reports of interest to the solar 
repowering of Newman Unit 1 are:

• Barstow Pilot Plant System Safety Analysis, prepared by 
McDonnell Douglas for the U.S. Department of Energy, 
SAN/0499-56, December 1980 Revision.

• Safety Plan, 10 MWe Solar Central Receiver Pilot Plant,
U.S. Department of Energy Memorandum, Februciry 19, 1982

• Haus, S.; Duncan, L.; Aikon, P; and Pratt, J.; The HITRE 
Corporation. Preliminary Environmental Assessment 
Ccxicerning the Construction and Operation of a 5-MW 
Solar Thermal Central Receiver Test Facility. MITRE 
Working Paper 11290, November 1975.

• Brumleve, T.D. Sandia Lctboratories, Livermore. Eye 
Hazard and Glint Evaluation for the 5-MWt Solar Thermal 
Test Facility. SAND 76-8022, May 1977.

• Young, L.L., III, Sandia Laboratories, Albuquerque. 
Solar Energy Research at Sandia Laboratories and Its
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Effects on Health and Safety. SAND 77-1412, 
October 1977.

These reports were reviewed in estetblishing the design guidelines 
presented in the following section.
4.8«3 Design Guidelines
Numerous codes and regulations such as the U.S. Department of 
Energy Directive 5481.1, dated 3-20—79 and entitled. Safety 
Analysis and Review System for DOE Operations are applxcable to 
the health and safety considerations of the solcu: repowered 
Newman Unit 1. Special attention was devoted to the design of 
the solar collector (heliostat) field and the central
receiver/tower subsystems becaxise of the relatively less mature 
technology of these components compared to the existing Newman 
Unit 1 equipment. The electrical power generation s\ibsystem 
(consisting of piping, components, controls, euid wiring for fluid 
power and electrical power generation), the fossil boiler 
subsystem, and the auxiliary subsystems are based on a more 
mature technology and, in fact, are mostly in existence at Newman 
Unit 1. Accordingly, the applicable codes and standsurds which 
are now availcible for the electrical power generation and 
axixiliary power subsystems are to be observed for the new 
construction or modifications to these subsystems. These same 
codes and standards, appropriately applied, can serve to ensure 
safe design of the components and subsystems unique to solar 
repowering.
An extensive list of standards, regulations, manuals, and codes 
Includes:
American Society of Mechanical Engineers (ASME) Boiler and 
Pressure Vessel Code:

Section I, Power Boilers
Section II, Material Specifications
Section V, Nondestructive Examination
Section VIII, Pressure Vessels
Section IX, Welding and Brazing Qualifications

Naticaial Fire Protection Association (NFPA):
Fire Protection Handbook

National Fire Protection Association (NFPA) National Fire Codes 
(NFC) :

Volume 2, Water Spray Fixed Systems
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Volume 5, Explosion Prevention Systems 
Vol\ime 6, Naticmal Electrical Code 

Americem National Standards Institute (ANSI):
ANSI A13.1, Scheme for tne Identification of Piping Systems 
ANSI A 17.2, Elevators
ANSI A58.1, Building Code Requxrements for Minimum Design 
Loads in buildings and Other Structures
ANSI B31.1r Power Piping Code
ANSI Z53.1, Safety Color Code for MarJcing Physical Hazards 
and Identification of £q\iipment

Occupational Safety and Health Administration (OSHA):
OSHA 2206r General Industry Standards

Amerxcan Society of Heating, Refrigerating, and Air Conditxonxng 
Engineers (ASHRAE):

ASHRAE Standards for Design of HVAC Equxpment
ASHRAE standard 90-75, Energy Conservation in New Building 
Design

Air Conditioning and Refrigeration Institute (ARI):
Standards for Cooling Towers and Condensers

National Board of Fire Underwriters (NBFU);
Codes for Buildings and Equipment

National Electric Manufactiirers Associatxon (NEMA) :
Standards for Electrical Equipment and Controls

Safety Rules for the Installation cind Maintenance of Electric 
Supply and Communication Lines
Steel Boiler Institute (SBI):

Codes for Boilers
Tubular Exchanger Manufacturers Association (TEMa):

Standcurds for Heat Exchangers
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Underwriters* Laboratory (OL) Standards 
Uniform Building Code
Standards of American Institute of Steel Construction and 
American Concrete Institute
Interstate Commerce Commission (ICC) Shipping Standards and 
Regulations
National'Safety Council

Accident Prevention Manual for Industrial Operations
Federal Aviation Authority Advisory Circular 79/7460-lE
Americcui Society of Mechanical Engineers (ASME) Requirements

Pressure Relief Devices UG-125, 126, 12^, 131, 132, 133, and 
134.
Pressure Vessel Tests UG-99 

4.8.4 Solar Reflectcuice Hazards
Several different hazardous conditions could result from the 
effects of concentrated solar insolation or reflectance from
individual or multiple heliostats in the collector subsystem. 
Thus, a potential safety hazard associated with the solar 
repowering site could stem frcxn emergency or accidentally 
misdirected solar radiation. This concentrated and focused solar 
radiation can potentially cause fires and burns as well as create 
glare problems. At the focal point, there is a concentrated becun 
of focused radiation. Beyond the focal point, this beam becomes 
increasingly dispersed and eventually becomes more diffuse than 
the original solar radiation. So there is a range around the 
focal point where the beam is concentrated to a degree that
cavises potential safety hazards of fires, burhs, and glare.
A severe eye hazard exists for those persormel whose eyes are 
looking at, and happen to be located near the focal point of, 
several heliostats during periods of sunshine. Depending upon 
the concentration ratio for these heliostats and the eye
location, temporary "flash* blindness or permanent, blindness 
(from the burn damage to the choroid and retina of the eye) can 
occur. A glare hazard may also exist when personnel are located 
in or near the collector field. As discussed above, a glint or 
glare hazard is also a safety consideration to the general public 
outside and cd>ove the boundaries of the solar repo««ered facility.
A skin hazard (concentrated sunburn) is also a consideration for 
the design of a solar central receiver system. Although the
above-mentioned eye hazard is more critical, serious burns from
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concentrated insolation (reflectcuice) could occur near the tocal 
point. However, multiple sun xntensities would Oe sufficiently 
uncomfortable on the skin that evasive action would probably be 
taken immediately.
While not as hazardous as bums or tire, glare is a potential 
problem resulting from misaligned or even properly aligned 
heliostat collectors. Tnis is due to its ability to impact both 
onsite and oftsite human eye receptors including those in 
overflying aircraft. The intensity of this glare will oe a 
function of the distance of the receptor from the heliostat field 
or individual heliostats producing the glare. As this distance 
increases, the intensity of the glare will decrease.
Nuisance glare and glint caused by reflected sunlight from the 
heliostats may affect future nearby residents, aircraft pilots 
and passengers, highway travelers, station persoimel, and 
visitors.
Several studies have been conducted that describe the potential 
environmental and safety hazards that exist for solar plants. 
One of the safety considerations most frequently cited is 
variously termed distractive glint, nuisance glare, misdirected 
light, or spurious reflections. These can result during normal 
operations, from misaligned heliostats, or during mirror washing 
operations. The impact can range from nuisance glare and brief 
temporary blindness to serious skin burns and permanent eye 
damage, depending on the proximity and length of exposure. The 
occurrence of these impacts will depend upon the proximity of the 
field to residences and traffic corridors, upon the terrain, and 
upon the presence of other structures within the line of sight, 
as well as the orientation of the heliostats. Several mitigating 
measures can be taxen, when proven necessary, that will eliminate 
or greatly reduce these potential hazards or annoyances. For 
example, fencii»g or vegetative screening can be used to surround 
the heliostat collector field to prevent nuisance glare or glint 
to residents and motorists.
Most of the above solar reflectance hazards are of concern 
primarily to the construction, testing, operating and maintenance 
personnel, and visitors to the solar repowered facility. 
Techniques which might be used to eliminate, mitigate, or reduce 
the frequency of these potential hazards include the use of 
fencing to enclose the collector field; requiring eye protection, 
protective clothing, and/or gloves when working near the 
heliostat collector field or the receivers at the top of the 
tower; proper instruction of personnel on the methods to avoid 
tliese hazards; proper design of the controls for the collector 
subsystem (particularly for quick and safe emergency shutdown 
conditions); storing combustible materials in places inaccessible 
to misdirected radiation; and the use of safety and warning 
devices or signs-
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4.9 ENVIRONMENTAL CONSIDERATIONS
A simunary of the major environmeniual considerations associated 
with the solar repowering of Newman Unit 1 is presented in 
Section 4.9.1. Section 4.9.2 describes site characteristics 
pertinent to these major considerations. The descriptions are 
preliminary and are based on currently available data.
Sections 4.9.3 and 4.9.4 discuss the environmental impacts, which 
can be identified at this stage of the project, resulting from 
both construction and c^eration. Only potential major impacts 
related solely to the solar aspect of the facility are 
considered, since any impacts induced by actions relative to the 
remainder of the station are beyond the scope of tiiis study.
4.9.1 Summary of Major Environmental Considerations
Preliminary assessments have been made of ma3or environmental 
considerations using available information and preliminary 
conceptual designs. It appears, at present, that there will be 
no major environmental impacts resulting from construction or 
operation of solar repowered Newman Unit 1. Because information 
to address some environmental aspects is presently lacking, these 
it«ns will be reviewed and evaluated after future data collection 
has been completed. However, it is considered extremely unlixely 
that any enviroiunental impacts would preclude development of the 
demonstration facility.
The major environmental considerations can be summarized as 
follows:

Air Quality ~ Operation of the solar powered unit will result 
in a net reduction in air emissions associated with nurning 
475 - 525 X 10»* J/year (450-500 x 10« Btu/year) of natural
gas or oil at the Newman Station and will thus have a 
positive eifect on local air quality.
Hydrology - Additional consumptive water use will consist 
only of domestic use for station persoimel and tor heliostat 
cleaning. Surface water flows through the heliostat field
area will be rerouted. This will not adversely affect local 
hydrology or other local water users.
Water Quality - No new liquid discharges are anticipated from 
the solar repowered facility.
Vegetation - Vegetation will be cleared from approximately 
1.09 km* (269 acres) at the heliostat field site; however, 
the species present are not \inique to the region and do not 
represent critical habitat.
Endangered Species - Based on available information, no 
endangered or threatened species of plants or animals are
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known to occur on the site; some endangered birds may pass 
through the area dixring seasonal migration.
Land Use - Land is available for constructicai of the 
heliostat field; future land use plans do not conflict with 
the proposed project.
Socioeconomics ~ It: is anticipated that the necessary
craftsmen will be available locally and will not strain 
existing services. Positive benefits will include added 
wages and salaries, teuc revenues, and decreased unemployment 
(within a Surplus Labor Area). Local traffic congestion near 
Newman Station may occtar during construction; however, during 
construction of tJie existing unit, this has been a minor 
inconvenience -
Archaeology - Numerous archaeological sites are indicated in 
the area proposed for the collector field. Although some 
survey work has been completed, the significance of the sites 
is not known (though expected to be minor) at this time and 
will require a subsequent field study.
Aesthetics - The collector field will be visible for only a 
few miles in tnis \indeveloped industrial area and should not 
represent a major visual impact. Concerns related to 
possible ground glare have been reviewed and are considered 
minimal. The primary receiver centerline height is 155 m 
(508 feet) and will be visible over the flat terrain for 
about 8 km (5 miles), and will represent an intrusion in the 
viewscape. Radiated and reflected light from the north 
facing receiver will be directed north, away from the more 
populated areas to the south of the site. The existence and 
design of the tower should not preclude the licensability of 
the project.

4.9.2 Environmental Site Description
The following description of the Newman Station site and 
immediate vicinity is based on available information from a 
variety of sources. This information serves as the basis for 
impact Identification and assessment described in subsequent 
sections. Where present information has proven insufficient to 
allow evaluation of potentially major impacts, an indication is 
given of further studies that should be conducted prior to 
seeking necessary permits.
4.9.2.1 Site Location
The four-unit Newman Station is located in a xiural area 24 km 
(15 miles) northeast of downtown El Paso. The existing site is 
bounded on the north by Farm to Market Road 2529 and on the west 
by War Road. Surrounding Newman Station, more tiian 14.2 km* 
(3,500 acres) of land owned 1:̂  the El Paso Water Utilities Public
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Services Board are available for placement of heliostat field(s). 
The land is basically flat and well stdted for the anticipated 
use.

Hydrology
A small quantity of ephemeral surface water flow occurs in 
several arroyos draining from the Praniclin Mountains west of the 
site. A shallow (less than 0.3 m) arroyo passes through the 
proposed solar collector field. This arroyo drains Hitt Canyon 
and has' about a 10.4 km^ (4 sq mile) drainage area west of War 
Road. A playa (a shallow central basin of a desert plain in 
which water gathers after a rain and is evaporated) is located 
near the eastern edge of the field.
Subsurface water is present and is currently tapped oy four wells 
to satisfy water needs at Newman Station.
4.9.2.3 Ecology
The following descriptions of the terrestrial ecosystem of the 
proposed heliostat field are derived from a site visit made in 
March 1980 by an SWEC ecologist, a visit by Dr. R. D. 
Worthington, and from available information.

General Site Characteristics
The Site is located in the Hueco Bolson, a nearly level (0.5 to 
20 percent slope) basin-like area of moderate to deep soils and 
unconsolidated sediments (DPRD, 1979). Soils at the site are 
part of the Turney-Berino Association which has a moderarely 
alkaline calcareous surface layer composed of sandy loaia and loam 
below (U.S. Soil Conservation Service, 1971). The heliostat 
field, approximately 1.09 km* (269 acres), represents about 
0.001 percent of the 1,100 km* (270,000 acres) of similar soils 
and geography in the county. The climate in El Paso is dry with 
wide temperature fluctuations and low rainfall (see Section 2.5). 
The area historically was a desert grassland but overgrazing and 
drought have created undulating dune and desert shrub communities 
(DPRD, 1979) .

Plora
The dominant species on the site are creosote bush (Larrea 
tridentata) cind range ratang (Krameria pavifolia) . Other shrubs 
and native grasses are foxind only sparingly and generally 
indicate an increase in species adapted to disturbed sites 
(Table 4.9-1). Plant groups similar to those found on the site 
are fovind throughout the undeveloped areas of the bueco Bolson 
(DPRD, 1978) .
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Fatina
Wildlife in the site area has not been c»mprehensively surveyed; 
however, a variety of animal species are lilcely to occur there. 
Maimnals likely to be found include the kangaroo rat (Dipodomvs 
sp.), jackrabbit iLepus califomicus) , coyote (Canis latxans) , 
bobcat (Lynx rutus) , mule deer lOdocoileus hatjionus) , and many 
small rodents (Table U.S^-2). The most conspicuous of -Uie birds 
include the mourning dove (Zenaidiira macroura)« Gambel's quail 
ILophortyx aambeliH, blue quail iCallipepla squamata>, road
runner (Geococcvx californianus), eagles (Aquila chrvsetos and 
Haliaeotus leucocephalus), sparrow nawks (Falco sparvdrius),
marsh hawk (Circus cyaneus), vultures (Cathartes aura),
loggerhead shrike (Lanius ludov ic ianu s), and crows (Corvus
brachyrhynchos).
There are no species of federally or state listed endangered or 
threatened animals known to use the site as nesting or breeding 
areas and no critical habitat has been designated in the general 
site area (Bryant, 1980; U.S. FWS, 1978; U.S. P’WS, 1979). The 
American peregrine falcon (Falco pereqrinus var. anattun) may use 
the site on occasion for nesting but the species* primary range 
in the area is along the Rio Grande (Halverson, 1980).
Of the species most likely to be found on tne site, mourning 
dove, quail, and mule deer may be taken during the hunting season 
(Texas Parks 6 Wildlife, 1979-1980). However, the site used for 
^ e  heliostat field is private property and it is unlikely that 
hunting will be permitted in the vicinity.

Sensitive areas
The ecologically sensitive area nearest to the site is the 
Franklin Mountains State Park located eUoout 3 kiu (2 miles) to the 
west. The state park, whicn encompasses about 89 km* 
(22,000 acres) of the Franklin Mountains Range, was established 
to preserve the relatively pristine condition of the nortnern 
canyons and slopes (DPRD, 1978). Efforts are continuing to 
acquire additional privately owned mountainous land for inclusion 
in the park boundaries.
4.9.2.4 Socioeconomic Considerations
The City of Ll Paso is divided into five Planning Areas; the 
proposed facility will be located in the Northeast Planning Area 
(NPA). Data for the NPA, the County, and the City were analyzed. 
Emphasis has been put on county-wide and NPA consiaerations since 
socioeconomic impacts generated by construction and operation of 
this facility will affect the County as a whole and the NPA in 
particular.
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4.9 ..2.4.1 Demography
A review of the area's demographic data snows it has experienced 
rapid growth since 1970. The U.S. Bureau of the Census reported 
a 1980 population of 479,899 (an increase of 34 percent) tor El 
Paso Coxinty and 425,259 (an increase of 31 percent) for tJie Cxty
of El Paso. The El Paso Department of Planning, Research, and
Development estimated the January 1, 1982 population of the
county to ne 486,700 and 431,500 for the city (El Paso PRD,
1982) .
The NPA had a 1970 population of 55,337 and, as of January 1, 
1981, was estimated to have a population of 75,398 (El Paso PRD, 
1980), an increase of 36 percent.
The county's population is projected tx> reach aijout 535,000 in 
1985 and 585,000 in 1990; the city's projected populatioii for the 
same years is 475,000 and 525,000; and the NPA's projected 
population for 1985 is 86,400 and 99,800 for 1990 (El Paso PRD, 
1980 and 1981).
Since 1960, population in the NPA has increased at a higher rate 
than the city's average, so that an increasingly larger portion 
of the city's population lives in this Planning Area. This high 
growth rate is likely to be sustained by completion of the North- 
South Freeway and development of the Castner Range properties.
An additional growth factor is this area's availability of large 
parcels of land and the relatively level terrain (El Paso PRD, 
1978). Surveys in 198 2 ranked the El Paso metropolitan area as 
at least the sixth fastest growing area in the United States.
4.9.2.4.2 Employment
The civilian labor force for El Paso Covmty as of January 1982 
numbered 173,450, with 157,300 employed and 16,150 unemployed, 
giving an average unemployment rate of 9.3 percent (El Paso Area 
Fact Book, 1981-1982). Manufacturing accounted tor 23 percent or 
over 35,000 jobs of the total employment in 1981; contract 
construction accounted tor more than 8,000 jobs in 1981. £1 Paso
is designated as a Surplus Labor Area by the U.S. Department of
Labor.
4.9.2.4.3 Land Use
The site is located in a vacant/undeveloped portion of the 
197.9-km2 (48,900-acre) NPA. Vacant land comprises 88 percent 
of the acreage in the NPA, including the Frariklin Mountains State 
Park. The NPA Land Use Plan, however, proposes that 22 percent 
of this land (39 percent of the usable land) be developed as low 
density residential areas by the year 2000 (DPRD, 1981).
A working sand quarry is located approximately 1.6 km (1 mile) 
north-northeast of the proposed site, a sanitary landfill is
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about 2.4 km (1 1/2 miles) northeastr and a natural gas ptmping 
station is about 3.2 km (2 miles) north-northeast. Most of the 
projected industrialization in the vicinity of the site will be 
to the north and east of the Texas-New Mexico border (1.6 km 
north of Newman Station) (Land Use Plan, 1978).
The nearest residences are a ranch approximately 2 km 
(1 1/4 miles) north and a small New Mexico residential 
development about 3-2 km (2 miles) north-northeast. Projected 
low density residential development will be to the south, 
southwest, and southeast of the site (Land Use Plan, 1978).
Commercial land use in the NPA is less than the city-wide 
average. Approximately 2.4 km* (600 acres) of commercial 
development are proposed to serve the projected population. 
Industrial development is also below the city-wide average. 
However, it is anticipated that completion of the North-South 
Freeway will increase commercial and industrial land use and 
improve the movement of truck traffic, a problem which now exists 
(Land Use Plan, 1978).
4-9.2.4.4 Historical and Archaeological Sites
There are 13 historic sites in El Paso and the surrounding area 
listed in the National Register of Historic Places, February 6, 
1979. Three more were added as of March 18, 1980 (Federal 
Register, 1979-1980). None of these sites is located on or near 
the site of the proposed facility and therefore should not be 
impacted by the facility.
The NPA has been found to contain approxmately 10 to 15 sites of 
archaeological significance per 2-6 Jon* (per mile*). The sites 
contain artifacts such as pottery, tools, cnipped stone and 
grinding materials, dwelling foundations, and hearth areas (Land 
Use Plan, 1978; Teiecon Dr. R. Gerald, 1980).
In February 1979, the El Paso Archaeological Society, through the 
Texas Antiquities Committee, contracted with the Public Service 
Board (PSB) to conduct a surface archaeological survey on PSB
land between War Road and Dyer Street (U.S. Highway 54), The
work xinder this contract (Permit No. 200) consists of collecting 
samples, mapping, photographing, and recording the archaeological 
finds (Land Use Plan, 1978; Teiecon J- Hendrick, 1980). No
excavation work is being undertaken for this survey (El Paso Park 
Plan, 1978). At the present time, over 40 archaeologically
significant sites and numerous scattered artifacts have been 
found near the site (Teiecon J. Hendrick, 1980). As of September 
1979, the Archaeological Society had located 15 sites between War 
Road 1.2 km (0.75 mile) west of site and McCombs Street 2.0 km 
(1.25 miles) east of site. It is anticipated that a report 
detailing the results of this survey was published by the end of 
1980 (Teiecon J. Hendrick, 1980).
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It. is not knovm what type of artifacts are located within the 
site boundaries; however, the abundance of significant sites in 
the area indicates that onsite archaeological finds are likely. 
Therefore, prior to conrniencement of construction activities, a 
detailed survey, with excavations, will have to be performed.
4.9..2.4.5 Community Services
Community services are those that serve the general public; i.e., 
schools, recreation facilities, police and fire protecton, 
hospitals, etc.
El Paso County has nine school districts with a total 1981-1982 
enrollment of 119,278 (El Paso Fact b o o k ,  1981-1982). Three 
school districts eire located in the NPA and, as of October 1981, 
this enrollment was 21,666. It is anticipated that by the year 
2000, the NPA will require approximately doxible the existing 
school facilities (DPRD, 197b). El Paso County has 21 private 
schools with a 1981-1982 enrollment of 5,817 (El Paso Fact Book, 
1981-1982). Three institutions of higher education are located 
in El Paso.
The £1 Paso park system has a total of 13 )cm* (3,190 acres) of 
developed and vmdeveloped recreaticwi facilities (El Paso Park 
Plan, 1978-2000). The NPA has 3 district parks and 
13 neighborhood parks, all offering varied recreational 
activities. Additional park and recreational facilities are 
planned throughout El Paso County between now and the year 2000, 
including the development of the Franklin Mountains State Park. 
Additions to the NPA park system include, but are not limited to, 
further development of existing parks, development of new 
neighborhood parks and hiking trails (DPRD, 1981).
El Paso County has 1 public and 14 private hospitals. Area fire 
protection is provided by the City of El Paso Fire Depeurtment. 
There is a County Sheriff's Department, and police protection is 
provided by the City of El Paso Police department (£1 Paso Fact 
Book, 1981-1982).
4.9.2.4.6 Transportation
The proposed solar repowering site is inunediately north of Farm 
to Market Road 2529, a local two-lane east-west road which is not 
heavily traveled. War Road is about 1.2 km (.75 miles) west of 
the site and McCombs Street is about 2 km (1.25 miles) east. 
Both these roads are major two-lane north-south highways. The 
1980 Average Daily Traffic Count (ADT) for War Road was 2,830; 
the ADT for McCombs Street was 2,600 (Texas Department of Public 
Safety, 1982).
Extensive expansion of the transportation network is plemned for 
the NPA. The completion of the North-Sovtth Freeway, which will 
bisect the northern portion of the Planning Area southwest' to
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northeast, will reduce travel time within the NPA. Interchanges 
are planned for War Road and McCcmibs Street, as well as at 
arterial roads planned for the residential areas (DPRD, 197B). 
These improvements will increase development opportunities for 
this area through increased accessibility.
There are three airports xn and curound £l Paso (£1 Paso Fact 
Book, 1981-1982). El Paso International Airport is almost
19.3 km (12 miles) southeast of the site, adjacent to Biggs Aimy 
Air Field and Fort Bliss. A landing strip associated with the 
McGregor Guided Missile RcUige in New Mexico is about 16.1 km 
(10 miles) northeast. A landing strip 4.8 km (3 miles) south- 
southeast is presently used only tor skydiving and radio- 
controlled model planes.
4.9.3 Environmental Impacts of Construction
During the construction phase of the solar repowering project, 
the potential exists for a variety of environmental impacts to 
occur. Many such impacts are limited by locctl, state, or federal 
regulations and others can be mitigated by careful planning and 
use of control technologies. The following sections identify and 
describe to the extent possible potential major construction 
impacts.
4.9.3.1 Effects on Air Quality
The most significant air quality impact of the construction phase 
is related to fugitive dust formation due to clearing and
regrading activities. Fugitive dust is defined as particxilate 
matter that becomes airborne due to natural causes and/or human 
activities. According to Prevention of Significcuit Deterioration 
(PSD) regulations, the impacts of emissions during the
construction phase of a project are exempted from PSD review and 
do not have to be quantified using mathematical models. These 
emissions will only be temporary and can be minimized by
employing control measures such as surface wetting and reducing 
vehicle speeds in the area.
The emissions from construction equipment can be minimized by 
proper operation and maintenance procedures and should not 
significantly affect the air quality in the area.
4.9. 3. 2 Socioeccxiomics
4.9.3.2.1 Land Use
The area designated tor the collector field is presently 
vacant/undeveloped land, owned by the Public Service Board (PSB). 
No homes or other buildings will have to be relocated, pxurchased, 
or destroyed.

4.9-8



An irrigatrion system. Installed by EPE and using water trom the 
present Newman Station evaporation pond, makes the land \isad>le as 
a leased grazing area for cattle from a nearby ranch. This 
irrigation system wxll be moved to another portion of land 
nearby; thus, a grazing area will still be available.
The PSB has agreed that if EPE notifies them that the land is 
needed for the solar project, the PSB will offer the reqvtlred 
acreage In one parcel. This Icuid will be offered pursuant to the 
public notice and bxdding procedures req\ilred by law (Letter to 
R.E. York, .
An existing El Paso Gas Company pipeline which traverses a
portion of the site will not be moved as it would not be cost- 
effective to do so. A right-of-way of 36.6 km (120 feet) will 
permit access to the pipeline. The existing north-south EPE 
transmission line will be moved to the west side of War Road. 
The existing east-west transmission line and a transmission line 
to be added in the near future will be along the southern
boundary of the site.
F.M. 2529 will be rerouted north of the site. The existing road 
will be closed possibly where It Intersects with War Road west of 
the site and with an tinpaved road to the east, between the sxte 
and McCombs Street. EPE and the Texas Highway Department have 
discussed the rerouting of F.M 2529 and, although plans have not 
been finalized, no problems are cuitlcipated.
A perxmeter road will be constructed around tne site. This wxll
connect wXth the closed portions of F.M. 2529 and will be a
service road for use by authorized personnel only. To prevent 
large animals frcxn wandering onto the site, a fence will be 
constructed 60 m (200 feet) outsxde of the perxmeter road.
An archaeological survey of the site, performed prior to 
construction, wxll ensure no loss of potential archaeological 
Information.
4.9.3.2.2 Work Force
The peak work force will be approximately 400 workers onsite. 
This peak work force will be mcdntalned for most of the 
construction actlvxties.
Constructxon of this facility should not create any long-term, 
adverse socioeconomic impacts. This conclusion Is based on 
several factors relating to the overall population of El Paso, 
whxch Includes the size of the civilian labor force, percentage 
of local unemployment, size of the construction work force 
required, and dtiratlon of the construction period.
With the average size of £1 Paso*s civilian labor force at 
173,500 with a 9.3 percent \memployment rate, it is possible' to
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conclude that: inost of the 400 construction workers will be trom
the local curea.
There should not, therefore, be a large intl\uc of people from 
outside £1 Paso. Some specialized construction workers, 
technical people, and project racmagement personnel may move into 
the area, but the number will be small. Since El Paso will 
easily be able to absorb these people, adverse inq^cts on 
community services should be minimal.
The Scinitary waste system at the existing Newman Station may be 
expanded during construction in order to accommodate some of the 
work force although it is planned to contract this service.
Positive socioeconomic effects include increased teuc revenues 
through wages and salaries, eanployment of several hundred workers 
in an area where unemployment is high (9.3 percent), and
additional secondary jobs created through a multiplier effect 
during construction.
4.9.3.2.3 Transportation
During construction, traffic congestion generated by the 
commuting work force and by movement of construction materials 
may be a significcint impact. Since an accurate assessment of 
transportation impacts cannot be made at this time, it is
recommended that a transportation study be undertaken prior to 
construction. A study of this type will survey the roads and 
highways by which the work force will travel to and frcxn %<ork; 
present the associated problems; and present recommendations that 
will alleviate and/or possibly eliminate potential problems.
4.9.3.3 Effects on Aesthetics
The visual impacts associated with construction activities will 
be of a shortH:erm duration and should be minimal. There are no 
homes immediately adjacent to the site, therefore construction 
activities will be visible primarily to people traveling on War 
Road as it is close to the site. Construction of the facility 
will be visible from McCombs Street but due to the distance which
is over l.b km (1 mile), and due to duration of viewing time, the
impact should be minimal.
4.9.3.4 Ecological Effects
Ecological impact to the site diaring construction will be both 
biotic and abiotic in nature. The most immediate impact will 
result from the physical removal of the vegetation on the site. 
This will involve the loss of about 1.09 km* (269 acres) of 
desert shrtib commiinity and the associated animal populations. 
Dependirtg on the manner in which the surface of the heliostat 
field is maintained (paving, gravel, chemical stablizers, or 
vegetation), this loss will last from several years to the life
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of the facility. The severity of this impact, however, should he 
small as the level of productivity of the land at this time is 
low, due to desert conditions, and the cunount of land lost is 
small compcured to the extensive desert in this area.
Other factors Including soil compactions, erosion, and fugitive 
dust will also impact the terrestrial ecology of the site. For 
each of these factors, environmental control techniques CcUi be 
utilized during construction which should limit any impact to 
acceptable levels.
4.9.3.5 Hydrological Effects
For flood protection, a preliminary drainage system for the solar 
collector field was designed for the 100-yecu: intense rainfall
runoffs.^ The arroyo, which presently passes through the proposed 
solar collector field, will be displaced northward to clear the 
field as shown in Figure 5.7-2. The diversion will be 
accomplished by a channel with a bottom width of 12.2 m (90 feet) 
and a depth of 1.2 m (4 feet) at the War Road bridge over the 
arroyo. The bottom width and the depth will be increased and 
decreased to 30.5 and 1.1 m (100 and 3.5 feet), respectively, at 
the intersection of the existing R.O.W. and the new perimeter 
road. The channel is designed for a peaic flow of edsout 28 m^/s 
(1,000 cfs) caused by an intense rainfall of 43 rom/hr 
(1.7 inches/hr) for approximately 1 1/2 hours duration. The 
channel will be about the size of the natural arroyo. The flow 
in the channel is expected to be slightly increased by the fact 
that the flow inside the perimeter road will be drained into the 
channel. The impact on the change of siltation rate is expected 
to be minimal.
The flow in the solar collector field will be channeled by 
several shallow ditches which will be 0.6 m (2 feet) deep and
3.05 m (10 feet) wide. The shallow ditches will discharge into 
collection ditches 0.9 m (3 feet) deep and 6.1m (20 feet) wide 
located along the perimeter road. Tne flow will then be 
discharged by a total of ten 1.5 x 0.9 m (58 x 36 inch) 
corrugated arch-pipe culverts under the perimeter road. Each 
culvert is estimated to be approximately 24.4 m (80 feet) long. 
The ditches will nave a 3 to 1 side slope and will be lined with 
a 0.1-m (4-inch) gravel layer.
The ditch culvert system is designed to drain a total peak flow 
of about 400 cfs from the field subject to an intense rainfall of 
5 inches/hour for 15 minutes duration. Erosion downstream of the 
culverts may increase due to the concentration of flows at the 
culvert outlets.
In general, construction activities will slightly alter some 
surface drainage patterns and may temporarily increase runoff and 
siltation over the construction area. Drinking water and other 
water needed for construcrion will be sug^lied by existing wells.
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4.9.U Environmental Impacts of Operation
The lollowing sectxons discuss unique impacts resulting from
operation of the solar repowered facility. As noted, impacts may 
be both positive and negative.
4.9.4.1 Air Quality Impacts
Solar repowering will have a beneficial impact on air quality in 
the region due to the displacement of fossil fuels witli solar 
power. The resultant reduction in pollutant emissions will 
reduce the air quality impact by the same percentage. 
Table 4.9-3 presents the estimated reductions in annual air 
pollutant emissions from Newman Unit 1 resulting from the 
operation of solar repowered Newman Unit 1.
In regard to possible climatic effects of soleu: repowering, it
has been theorized that a large heliostat field could produce 
changes in temperature, wind patterns, htimidity, and turbulence 
characteristics (see Section 4.9.4.4). Although these effects 
cannot be quantified at this time due to a lack of field data, 
any effect of the heliostat field would be confined to the 
microclimate in the immediate vicinity of the field and should 
not noticeably alter the larger scale climatic features that 
govern pollutant transport and diffusicm. Therefore, the 
presence of the heliostat field is not expected to alter the 
local climate in the site area and should not affect the 
dispersion of pollutants from the stacks and subsequently the air 
quality impact of the station.
4.9.4.2 Socioeconomic Effects 

Land Use
The use of approximately 1.09 km* (269 acres) for this facility 
will preclude the land trom being used for otfier purposes for 
which it may be suitable. Since the existing Newman Station will 
be immediately adjacent to the solar facility and since tlie land 
use proposed for the area is industrial, the potential for land
use conflict is slight. The land between the facility and
proposed residential development is classified as vacant/under
developed and will serve as a buffer zone between the two uses.

Work Force
The operating worx force for this facility will be equivalent to 
24 full-time employees. When considering the area's growth, this 
is small when compared to the overall population and the total 
labor force. The operating work force will not cause any adverse 
socioeconomic impacts.
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Positive socioeconomic benefits from this facility will be 
increased tax revenues through taxes on wages and salaries, 
personal property taxes, and sales tax.
4.9.4.3 Aesthetic Effects of Operation
The proposed solar project will be adjacent to the EPE*s Newnian 
Station which has a 45.7-m (150-foot) staclc visible for several 
miles, and a plume that is visihle for approximately 1.6 km 
(1 mile).
Since the area is already industrial, the proposed solar facility 
will not change the general visual character. The solar 
facility*s tower wrll, however, be more visible than the existing 
stack because of its greater height. As a result, this will 
create a new dominant feature in the vrewscape for viewers within 
an B km (S-miie) radius. Reradiation and reflection from 
receiver and beam characterization system screens will be vxsible 
only to the north of the site, not from the more populated areas 
to the south.
The terrain in this area is relatively level and the heliostat 
field will also be visible from residences and highways which 
have a long viewing range. From distances beyond 3.2 km 
(2 miles), the heliostat field will be a small portion of the 
total viewshed and, therefore, will not be a dominant visual 
feature.
Since the proposed facility will be a visual intrusion on the 
natural landscape and since the tower will be a dominant feature 
in the area, a visual study may be required.
4.9.4.4 Ecological Effects
The impacts of operation will depend to a large extent on the 
form of surfacing used within the heliostat field. Any approach 
except revegetation, i.e., paving, gravel, or chemical stablizer, 
will result in the elimination of essentially all flora and fauna 
from the site. Proper maintenance of these surfaces should 
preclude the possiblity of impact from dust or erosion, although 
erosion offsite may still occur.
Should revegecation of the site be used, both shading ana wind 
deflection by tne heliostat should oe considered. The presence 
of the heliostat in the field will, by design, reflect a large 
percentage of the solar radiation. The shade produced by the 
heliostat may cause a decrease in temperatures, an increase in 
soil moisture, and, as a result, an increase in plant diversity 
and bionass (Patten, 1977) . Wind deflection by the heliostat 
over the area of the field may also result in increased soil 
moisture. Recent work by Patten and Smith (1979, vmpunlished 
manuscript) supports these possibilities.
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4.9.4.5 Hydrological Effects
As noted in Section 4.9.3.5, surface water drainage will be 
slightly modified during operation of the facility. Ho permanent 
water bodies are affected and the existing arroyo has simply been 
rerouted around the heliostat field. Thusr the basic drainage 
pattern in the region is maintained and any percolation of 
rainfall into the ground hSs not been precluded iii the area of 
the heliostat field. Minor changes in the rate of runoff or 
percolation may occin: as a result of the presence of gravel 
rather than tne exiting sandy loam. The impact of the minor 
alteration of the surface drainage system on the groundwater 
replenishment is expected to be insignificant (Worthington, 
1980).
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table 4.S-1
PLANTS OCCURRING IN THE AREA OF THE NEWMAN POWiiR PLANT SITE

VO
I

Scienti-fic Ncune
AMARANTHACEAE (Amaran-tli Feunily)
Amaranthus ct. palmeri Hats.

ANACARDIACEAE
Rhus microphuila

BORAGINACEAE (Borage Famrly)
Crvptantha sp. (poss. t«#o species) 
Helio-tropiuni greggii Torr.
Lappula redowsAii (Homem.) Greene

CACTACEAE (Cactus Family)
Opuntia crfiaeacemtha Engelm.
Opuntia violacea Engelm.
Yucca baccata 
Yucca sp.

CBENOPODIACEAE (Goosefoot Family 
Atriplex canescene (Pursh) Nutt.
Salsola Kali L.

COMPOSITAE (Sunflower Family)
Aphanostephus raunosissimus OC.
Bahia absinthifolia Beuth.
Centaurea roelltensis 
Convza canadensis (L) Crong.
Dvssodia pentachaeta (DC) Robins 
Eriqeron sp.
Flourensia cernua ix:.
Franseria deltoids 
Gutierreziq sarothrac
Machaeranthera scabrella (Green) Shinners 
Machaeranthera tanacetit olia(UBK) Nees 
Parthenium mcanum HBK 
Perezia nana Gray 
Senecio douglasii DC.
Verbesina encelioides (Cav.) Gray 
Xanthocephalum microcephalum (DC,) Shinners

CRUCIFERAE (Mustcurd Founily)
Lepidium lasiocarpum Nutt.
Lesquerella gordonii (Gray) Wats.
Sisymbrium irio L

CUCURBITACEAE (Gourd Gamily)
Cuc\irbita foetodissima HBK

Common Name

Palmer Amarantn

Little-leaf Stimac

O r ig in Source

Fragrant Heliotrope 
Flatspine SticKseed

Brotmspine Prickly Pear 
Purple Prickly Pear 
Banana Yucca 
Yucca

Fourwing Saltbusn 
Russian Thistle

Plains Dozedaisy
Hairyseed Bahia
Malta Starthistle
Uorseweed
Parralena
Fleabane
Tarbush
Bur Sage
Broom snakeweed

Mariola 
Desert Holly 
Thread Leaf Groundsel 
Cowpen Daisy 
Threadleaf Snakeweed

Hairypod Pepperweed 
Gordon Bladderpod 
London Rocket

Buff alo-govir d

N
N
N

NN

N
I

wh’
IKN
NN
N
N
N
N
NN
N

N
N
1

1,2
1

1
11
111
1,2
2
2111.2
1
11
1
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VO
I

Scient.i£ic Naune
GBRANIACEAB (Geremlum Feunily)
Erodium clcut-arium (L.) L*Her

GRAMINBAE (Crass Family)
Arist-ida lonaiset.a 
Arist-ida v>riQtit.ii Nash.
Bout.eloua cur'tipendula 
Bouteloua eriopoda
Erioneuron pulchellum (HBK) TateoKa 
Hilaria mutlca (Buclcl.) Benth.
Muhlenb ergia porteri 
Muhlenberpia sp.
Muhlenbergia sp.
Scleropogon tareiifolius
Setaria leucopila (Scribn.6 Merr.) K.Schum.
Sporobolus crvp-tandrus
SporoDolus tlexuosus
Tridens pulchellus
Tridens sp.
Vulpia octoflora (Nali.) Rydb.

lEGUMINOSAE (Legume Family)
Acacia constxicta Gray 
Dalea sp.
Hoftmcmseggia glauca (Ort.) Eifert 
Mimosa biuncifera 
Prosopis glandulosa Torr.
Prosopis lulitlora

MALVACEAE (Mallow Family)
SphaeraIcea sp.

MARTYMIACEAE (Unicorn-plant Fcunily) 
Proboscidea althaeafolia Dene.

ONAGRACEAE (Evening Primrose family)
Gaura coccinea Pursh

RLANTAGINACEAE (Plantain Family)
Plantago patagonlca Jacg.

FOLEMONIACEAE (Phlox Family)
Eriastrum diffusum (Gray) Mason

FOLYGONACEAE (Knotweed Family)
Rumex hvmenosepalus Torr.

TABLE U.9-l(Cont)
Common Ncune O r i g i n

Altilerillo

Red three-awn 
Wright Three-awn 
Side-oats grama 
BlacK grama 
Fluffgrass 
Tobosa 
Bush muhly 
Sand muhly 
Ear muhly 
Burro grass 
Bristlegrass 
Sand dropseed 
Mesa dropseed 
Fluffgrass
SixweeKs Fescue

Hescat Acacia 
Dalea
Indian Rush-pea 
Wait-a-minute Bush 
Honey Mesguire 
Mesquite

Globcanallow

Desert Unicom-plant

Scarlet Gaura

Wooly Plantain

N
N

N
N
N

Source

212211,̂2
3
32
1.3
2
2 . 3
2 . 3  
3
1

1,2
3
1
2
1
2
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Scient-iflc Name
SOLANACEAB (Nightshade Family) 
LvcxTim sp.
Solanrm elaeqmifolxum Cav.

VERBENACEAfi (Vervain Family) 
Verbena wrtahtii Gray

ZYGOPHYUACEAE (Caltrop F<Mialy) 
Larrea tridentata (DC.) Cav.

TABLE U.9-1(Cent)
Common Name

WoIf-berry
Silverleaf Nightshade

Desert Verbena

Creosote Bush

OrxQxn Source

1

I
00

NOTES;
* N = native, I = introduced 
•* Sources: 1. Worthington, 1980. Species observed at the site April 13.

2. Kearney, T. H. and Peebles, R, H. Arxzona Flora - cited xn 
New Hexico Environmental Institute, 1974.

3. DPRD, 1979-
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TABLE 4.9-2
MAMMALS LIKELY TO B£ FOUND AT THE NEWMAN STATION

Sc lentific Naiae

Lepus calxfornca 
Syvilaqus Florxdanus

Spermophilus spilosoma

Perognat-Jius 
Peroqna-thus 
Peroqna-thus hispidus 
Dipodomys ordii

Peromysous eremicus 
Peromvscus mariiculat.us 
Onychomys leucoqost.er

Can is Lat.rans 

Taxidea Taxus 

Lynx rutus

Odocoiieus hemionus

Conpnon Name
Order Lagomorpna 

Family Leporxdae
Calitornia JacK Rabbxt 
Cottontail Rabbxt

Order Rodentia
Family Sciuridae (Squirrels) 

Spotted Ground Squirrel
Family Heteromyidae 

Apache iocxet Mouse 
Silky Pocket Mouse 
Hispid Cotton Rur.
Ord's Kangaroo Rat

Family Crietxdae (New World Rats 
and Mice)

Cactus Mouse 
Deer Mouse
Northern Grasshopper House

Order Carnivora 
Family Canidae 

Coyote
Feunily Mus-celxdae 

Badger
Fanaly Felidae 

Bobcat
Order Artiodactyla 

Family Ceruidae 
Mule Deer

Source: DPRD, 1978; New Mexico Environmental institute, 1974,

1 or 1
4.9-19



TABLE 4.9-3
REDUCTIONS IN AIR POLLUTANT EMISSIONS RESULTING 
FROM OPERATION OF SOLAR REPOWERED NEWMAN UNIT 1

Particulates 
SO 2 
NO 2 
CO
Hydrocarbons

Gas-fired
1,100-3,200(1.2-3.

130(0.14) 
152,000(168) 
3,600(4.0) 

220 (0.24)

kq/vr(tons/yr)

5)

Oil-Fired
47,000(52) 
185,000(204) 
159,000(175) 
7,500(8.3) 
1,500(1.7)

Assumptions:
1. Annual savings in fossil energy - 527 x 10^* »J/yt (500 x 10* 

Btu/yr)
2. Gas sulfur content - 4.6 x 10-3 g/an» (2,000 gr/10*ft*)
3. Oil sulfur content - 2.8%
4. Natural gas heat content - 39.1 x 10* J/ra* (1,050 Btu/ft®)
5. Oil heat content - 41.8 x 10* J/hi* (150,000 Btu/gal)
6. £AP*s AP-42 Emission Factors (Texas SO2 Emission Standard)

1 of 1
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4.10 INSTITUTIONAL AND REGULAIORY CONSIDEKATIONS
El Paso Electric Company sees no institutional or regulatory 
barriers txiat woula preclude a demonstration ot solar repowering 
at Nevmian Unit 1. However, there are a number o± institutional 
and regulatory "constraints" that could unduly impact the 
economics of an initial demonstration. These constraints are 
believed to be applicable throughout the United States and would 
impact any large-scale solar electric construction effort.
Institutionally, taxes appear to be the most significant 
constraint that EPE can readily identify. Ad valorem and sales 
taxes would be applicable to solar facilities in many, if not 
all, locales- In Texas, legislation nas been created that 
suspends sales taxes and directs local taxing authorities to 
grant ad valorem tax exemptions on solar property. EPE believes 
that tnese taxes shoiild certainly be suspended.
A nigher-than-normal investment tax credit snould alsc be 
established for any large-scale solar application. EPE perceives 
the greatest bcurrier to eventual commercialization of solar 
repowering will be the high capital costs of constructing solar- 
repowered facilities. Even assuming that eventtially solar- 
repowered applications are cost-effective to a utility and its 
customers, the impact of the effect of prepaying 20 to 30 years 
of conventional fuel expenditures in initial capital investments 
will strain a utility's financial structure, causing it to fall 
back on a lower capital alternative. In addition to solar 
repowering expenditures, electric utilities will simultaneously 
be assviming the huge capital obligations associated with their 
almost continual additions of new generating capacity. The debt 
and security markets, already saturated by utility offeriiigs, 
will be expected to aUbsorb the increased capital requirements 
necessitated by large-scale solar applications. This increased 
demand for money will raise the cost of investment capital in the 
money markets as demand increases with respect to supply. A 
higher-than-normal investxient tax credit should help to alleviate 
this situation.
There are other means tc lessen the impact of solar-related 
capital expenditures on the utility and tne market. Accelerated 
depreciation of solar facilities will release cash during the 
critical early years which will allow a utility to plow this cash 
into other concurrent capital obligations. This will reduce a 
utility's demand for money market investment capital.
The current lead times required by the multitude of agencies 
involved in licensing and approving electric generating plans 
pose an institutional constraint to solar. Accelerating the 
licensing process for solar facilities will reduce tne overall 
cost of the new facilities by allowing construction to begin at 
an earlier date, as well as reducing licensing expenses. El Paso 
Electric hopes that the licensing requirements for a solar
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applxcation could toe identitied in advance and fixed to avoid the 
ever-changing licensing requirements, procedures, and attitudes 
prevalent in site and construction approvals today for 
conventional electric facilities.
A fourth possible means to help alleviate the strain associated 
with large solar capital expenditures %«ould be scnue sort of low- 
interest loans made by the federal goveimment. This would share 
the risk in fimding a demonstration effort.
A final possible constraint to commercial-type investment in 
solar repowering or other laurge-scale solar facilities that JfcPE 
wishes to address relates to the fact that solar technology is 
currently in a development stage. An electric utility may be 
inclined to delay its ventxire into solar if it feels m a t  there 
IS a high probability that tne techiiology may progress to a level 
where the cost-effectiveness of a certain solar application coula 
be significantly enhanced. Particularly for solar repowering, 
delays in solar investment may reduce the marxet potential for 
this technology as existing generating units increase in age. To 
overcome this barrier to commercialization, it is important tliat 
research and development are continued at high levels in order to 
insure that technology matiirity will be accelerated. As electric 
utilities recognize the viability and technological matiirity of 
solar concepts, a spontaneous movement to apply these concepts 
will contribute to the economies of scale necessary to achieve 
projected component costs - further enhancing solar 
commercialization.
Current regulatory considerations and policies generally 
applicable to electric utilities may not preclude solar 
investment, but in their present form they do not provide a 
suitable springboard for involvement in high capital cost and 
perhaps risxy solar ventures. EPE believes that certain "special 
considerations" by regulatory bodies toward solar will enhance 
the economics of solar research and construction activities.
Maturity of the various solar technologies, which woxild result in 
accelerated commercialization, can be impacted favorably by 
regulatory policies which allow a svibstantial amovint of solar R&D 
expendittires to be included in a utility*s rate base. A policy 
of this rype would allow an electric utility to earn a return for 
this type of R6D investment. This ability to earn on R6D 
expenditvires sho\ild lead to increased levels of solar research, 
thereby enhancing the commercialization potential of solar.
Probably the most important regvLLatory policy change would be to 
include solar construction work in progress (CWIP) into rate base 
routinely. This would allow a utility to begin recovering its 
capital expenditures during the construction period instead of 
waiting \intil commercial operation.
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Another possi±>le regulatory policy which could enhance solar 
development, would allow a higher rate of return for soleir plant 
investment compared to conventional plant investment. This would 
be particularly applicable to early demonstration plants where 
the technical (and hence financial) risks are at their maxiravmi 
levels. This type of ‘•premium" return is, of course, common in 
nonregulated industries where a corporation will only undertaKe 
investment opportunities when the expected return is sufficient 
to compensate tor the business risks involved.
Minimizing the difference between the time a utility applies for 
a rate revision and the time a regulatory body approves the 
revision will impact the industry in two ways. First, it will 
allow prompt recovery of solar capital expenditures wnile 
reducing inflationary effects on the funds received from revised 
rate schedules. Second, decreasing regulatory lag will place 
electric utilities in netter overall financial health which will 
place the high capital cost solar option in a better light.
Finally, EPE is in ccxnplete agreement with other electric 
utilities which have said that it is important for policy makers, 
particularly Congress, to take a favorable stand on solar energy 
by establishing scable policies which remain consistent. 
Fluctuating regulatory policies (as well as federal policies) are
not in the best interest of electric utilities who may be
contemplating tuture investments in solar K6D programs, solar 
demonstrations, or commercial solar facilities, if utilities are 
unsure of the treatment solar will receive, signals will be sent 
to solar manufacturers who will be equally vinsure and who will 
"gingerly'* approach eoiy opportvinities tney may have to make
significant cost-reducing research expenditures or to build 
component mass production facilities.
The concerns regarding technical, business, and/or financial 
risks involved in implementing solar technologies (with an 
emphasis on solar repowering) will be addressed later in this 
report in Section 7.7 entitled "Roles of Site Owner, Government, 
and Industry." EPE realizes that there are risKS inherent in 
early solar demonstrations as well as future benefits, thereby 
making risk-sharing an important consideration. If either site 
owner, government, or industry refuses to accept an appropriate 
share of the risks, then this refusal certainly becomes an 
institutional barrier to ecurly large-scale solar demonstrations, 
thus delaying or completely blocking the commercialization 
process. EPE believes that cost/risk sharing arrang^aents can be 
formulated for supportive fxmds necessary to balance benefit cuid
cost for demonstration tmits.
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SECTION 5
SUBSYSTEM Ct^iCEPTUAL DESIGN, COST, AND PERFORMANCE

5.1 SUBSYSTEM DEFINITION
The contigurat-ion tor solar repowering of Newman Unit 1 consxst.s 
of the following subsystems:

Collector Svibsystem
Receiver Subsystem
Fossil Enezgy Subsystem
Electrical Power Generating Subsystem
Master Control Subsystem
Site
Site Facilities

The collector subsystem provides the means for redirecting solar 
energy to Impinge on the primary and reheat receivers. This 
subsystem includes an array of heliostats arranged in a North 
Field orientation that encompasses reflective sxirtaces, 
structures, drive units, foundation, wiring, etc. This subsystem 
also includes the field control system composed or a heliostat 
array controller, heliostat field controllers, and heliostat 
controllers. Tne collector subsystem design is based on a 
“Generic* Second Generation Heliostat concept representative ot 
hardware that could be available for a 198b application.
The receiver system provides the means of transferring the 
incident radiant energy trom the collector subsystem into 
superheated steam. This subsystem includes the primary and 
reheat receivers, receiver support structure, a single tower 
structure, and riser and downcomer piping. The receivers are oi 
external panel type configuration with a forced recirculation 
boiler system in the priiuary receiver. Included in this 
subsystem are the pumps, valves, and control equipment to 
regulate flow temperature and pressure ana to enstire safe 
operation. Also included are elevators, crane system, platform, 
etc to provide for observation and maintenance. An air— 
conditioned equipment rocxn is provided near the top of the tower 
to house receiver instrumentation and controls.
The fossil energy subsystem provides a fossil energy source which 
is used to enhcuice performance and/or maintain normal plant 
operation during periods of reduced or no insolation. This 
subsystem includes the existing Newman Unit 1 fuel storage, fuel 
handling, boiler and related equipment, and it includes any 
additional fuel supply, storage and transfer facilities, energy 
conversion sources, pumps, valves, and control systems to 
regulate flow, temperature, and pressure
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The electrical power generating subsystem (£PGS) provides the 
means for converting to electrical power the thermal output from 
the receiver sxibsystem and/or the fossrl energy subsystem. The 
output from the EPGS Is regulated for integration into the EPS 
system network. Tnis subsystem consists of tiie existing balauice- 
of-plant equipment at Newman Unit 1 and the piping and piping 
equipment required to interface with the solt»r steam supply 
systCTi.
The master control svibsystem is used to sense, detect, monitor, 
and control all system and subsystem parameters necessary to 
ensure safe and proper operation ot the entire Integrated 
repowered plant. This subsystem Includes a central computer, 
computer peripheral equipment, control and display consoles, and 
solar/non-solar electrical power control Interfaces cuid hardware.
The site consists of Newman Station located at tne north end of 
the city of £1 Paso and Public Service hoard land directly nortli 
of the station. Modifications to the site tor the repowering of 
Newman Unit 1 will Include grading, surface preparation, and 
construction of roads.
New structures and facilities associated with solar repowerxng 
Include cin addition to the existing control room, a solar 
feedpump house, cind an addition to the existing malnteiiance 
building.
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5.2 COLLECTOR SUBSYSTEM
The collector subsystem provides the means tor redirecting the 
direct solar energy to impinge on the primary and reheat 
receivers. The collector subsystem is composed of an array of 
heliostats and supporting power and control elements which 
interact with the master control system. The heliostat array is 
arranged in a 2.71# radian (160®) fan shaped contigvixation north 
of a single receiver tower. The collector subsystem components 
include the following:

Heliostats, including reflective surface, structural support, 
drive units, control sensors, pedestals, foundations, 
cabling, and cable array installations.
Electromechanical and electrical controllers, including 
individual heliostat, heliostat field and heliostat array 
controllers, control systeia interface electronics, power
supplies, and beam characterization system components.

The collector subsystem description is based on tne "Seneric" 
Second Generation Heliostat. The design description, performance 
characteristics, and cost data are representative of the class 
ot heliostat configurations that will be available tor solar 
repowering Newman Unit 1.
5.2.1 Design Basis
The collector subsystem will include an array of heliostats
arranged in a north field orientation designed to meet receiver 
heat flux and focusing requirements. The collector subsystem
includes an automated control system designed to respond to 
conanands from a master control subsystem for normal operational 
variations and emergency/environmentally induced variations.
Figure 5.2-1 shows the vertical heat flux profile specified by 
Babcock and Wilcox as a design goal for the primary and reheat 
receivers at design point. Along with the vertical heat flux 
profile, any spillage beyond the absorber surface is specixied to 
be less than 30 xW/m^, The vertical flux profile and the maximum 
spillage requirements are the basis for the final receiver 
dimensions and aiming strategy.
The collector field is designed so that 103 MWt of the redirected 
solar energy impinges on the primary receiver and 2b HWt impinges 
on the reheat receiver at noon winter solstice with a direct
normal insolation value of 1000 W/mSf.
The collector field design considers tne following:

Heliostat field cost 
Operations and maintenance cost 
Land availability
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Land cost
Heliostat performance 
Receiver aperture size 
Receiver tower height 
Reliability 
Shading and blocicing 
Atmospheric attenuation 
Sun position 
Piping cost

Tne collector subsystem functions as appropriate for all 
steady-state modes of plant operation. This includes the 
capability of controlling the number of heliostats in tne 
tracjcing mode so as to vary the redirected fluK to tne receiver 
between zero and the maximum achievable level with step changes 
no larger them 10 percent ot the total collector field output.
Drive systems must be capable of positioning a heiiostat to 
stowage, cleaning, or maintenance orientation froia any 
operational orientation within 15 minutes.
Elevation and azimuth drives do not drift frota last commanded 
positions due to environmental loading.
The drive system provides tor cost-effective stowage ot tne 
reflective surface to minimize reflected beam safety hazards and 
dust or dirt buildup on the mirrors. Heliostat orientation is 
available to master control at all times. Calculated gimbal 
angles are acceptable; orientation sensors are not required.
Heliostat control is by computer. Control functions are 
accomplished as follows:
Heliostat Array Controller (HAC) shall:

Initiate operational mode coiranands to RFC 
Address commands to RFC groups or individual HC 
Respond to PCS commands and requests 
Interface with beam characterization system 
Provide time base

Heliostat Field Controller (HFC) shall:
Determine sun vector 
Transmit sun vector to HC 
Transmit status and data to BAG 
Initiate safe stowage command 
Control groups ot HCs
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Heiiostat Controiler (HC) shall:
Determine heliostat azimuth and elevation position 
requirements
Control drive motors
Provide helxostat axis position data to HFC

The collector subsystem is capable ot tanergency detocusing upon 
command to reduce peak incident radiation on tne receiver to less 
than 3 percent of initial value within 120 seconds.
Beam control strategy and equipment will protect personnel ana 
property within and outside the plant facility including air 
space.
5.2.2 Collector Subsystem Design
5.2.2.1 Design Configuration
Figure 5.2-2 shows the conceptual layout of the neliostat field 
for Newman Unit 1 for 50 percent repowering. The receiver tower 
is located as close as possible to the turbine building to 
minimize teedwater and steaot piping distances. Tne neliostat 
array is a 2.79 radian (1bO*») north facing iield on a radial 
stagger arrangement. Heliostats are deleted on the rlghts-of-way 
tor transmission, water and gas pipelines as detailed on the 
General Arrangement-Heliostat Field, drawing No. 14067-FM-31B-SR, 
toxind in Appendix D. The heliostat array consists ot
2,99tt Second Generation Heliostats.
The design characteristics of tfie Second Generation Heliostat are 
given in Table 5.2-1. The generic heliostat configuration is
sho%m in Figure 5.2-3. The heliostat meets the requirements ot 
the Sandia Specification A10772 tor performance, operational 
requir«nents, survival loads, and environmental conditions and 
lifetime.
5.2.2.2 Collector Control
The following is a description for a typical heliostat field. 
Which may change as a result ot the selection of a specixic
heliostat design. The array is controlled by the heliostat array 
controller (HAC) consisting mainly of a minicon^uter with disc 
drive and other peripheral equipment. The array is divided into 
tour sectors each containing approximately 750 heliostats. Every 
sector has its separate interface with the HAC. These sectors 
oi^erate independently from each other under HAC coiitrol. A
sector is divided into 26 cells of approximately ^9 neliostats. 
Each cell is controlled by the respective heliostat liela 
controller (HFC) located in tne vicinity of the cell. 
Communication between the HAC ana the HFCs relative to one sector
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occurs by meems ot a single multidrop comnunication line (twisted 
pair) operating at 9,600 baiids. Similarly, the communication 
between tne HPC eund the respective field heliostats taxes prace 
by means of a single multidrop communication line operating at 
the scune baud rate. In this configuration the HAC can 
communicate with either all or some ot the heliostats using 
proper addressing in the messages. Each heiiostat is controlled 
by the respective heliostat controller (flC).
The HFCs and the HCs are based on the use ot microcomputer boards 
'With the HFCs having, in addition, memory extension and I/O 
serial interface boards. The entire heliostat array is tlms
controlled through a three level distributed ccanputer network.
The general tasks associated with each computer level are as 
follows:

Coitiputer Level General Task
HAC Control Supervision and Time

Synchroni za tion
HFC Heliostat Control Algoritnm in All

Details
HC Pointing Angle Evaluaticm and

Command Execution
ITie specific task distribution provides the maxixtiim computer 
autonomy at eacn level. The HAC furnishes time data and day- 
dependent sun parameters which are the same for all Ul'Cs. The 
HPC furnishes time-dependent sun position data to all its HCs. 
Each HC derives pointing angles and determines heliostat motion 
to be carried out by the drive motors. Communication among the 
various computers is thus simplified since, during normal array 
operation, there is no need for individual HPC or HC addressing. 
Individual communication is implemented autcmiatically cn a 
periodic basis for array status evaluation and upon request ny 
the operator when part of the array (it could jusr. be one 
heliostat) is tc undergo a special operation (such as alignment, 
maintenance, or becun removal for power adjustments).

General Operating Strategy
The heliostat array control system, composed ot 1 HAC, 104 HFCs, 
and 2,998 HCs, is designed to enable the operation ot a given set 
of heliostats trom a single port. This single port, provided by 
the HAC, can interface manually with an operator or automatically 
with the plant*s process computer system (PCS). The HAC also 
coimnunicates with the beam characterization system (BCS) to 
gather data necessary for the calibration and alignment of each 
heliostat. Any command data relative to the operation of the 
array within the solar plant are not, however, generated within
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the array control system. These data are contxngent upon the 
condition of every svibsystem of the solar plant and on the 
desired plant power output and, therefore, must oe generated at 
the PCS level.
In general, two types of commands are issued to the array. One 
type deals with the array as a unit when all heliostats are to do 
the same tning. The other type deals witn a fraction ot the 
array and may be applicable to one or more heliostats. In either 
case, when a collective command applies to at least one sector ot 
heliostats, the command is issued simultaneously to all 
applicable HFCs. Each cell recognizes this global command and 
polls one heliostat at a time for execution if a change in the 
mode ot operation is implied. Given the communication baud rates 
and tiie typical length of each command message, the polling time 
is from 10 to 20 milliseconds per heliostat. This means that it 
takes from 0.2b to 0.52 second to change the mode ot operation 
when many cells are involved. The staggering of the coaanand is 
doiie to prevent excessive power drain on the electrical 
distribution network caused by surge electrical cvurrents in the 
drive motors. The staggering is done automatically, under 
control software direction, wnen the eurray is started, stowed, 
and switched from one configuration into another.
The following is a list of the modes of 0|>eration which are 
implemented:

Startup
Shutdown
Track
StandJDy
Align
Manual
Stow
Communication

The characteristics relative to each mode are described in tne 
following sections.

Startup
The heliostat array is normally in the stowed position prior to
startup. The power supply units for the BAG, HFCs, and HCs may
or may not be energized. If they are deenergized, the first 
operation at startup is to apply electrical power to the entire 
array and load the control software into the HAC rauidoia access 
memory (RAM). Upon power-up, the HFC software is automatically 
loaded into'̂  tne HFC RAM trom the resident magnetic nubble memory 
extension. Tne HC software is permanently stored in erasable 
programmable read only memory (EPROM) and does not need to be 
loaded. Within a tew seconds from the application of power, all 
software is loaded and the array is ready to respond to commands
(from either a dedicated operator or from the PCs).
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The first conunand is the coiwnunication command, aimed at polling 
dll heliostats and obtaining a response which indicates tneir 
operational status. The HAC cathode ray tube (CRT) displays
provide a summary ot the conditions relative tc the respective 
heliostats. The Communication command initializes also the day 
and time routines at each HFC so that appropriate sun position 
calculations can be performed at tne cell level. Subsequently, 
the HAC transmits tne first svm vector in order to calibrate tne 
HFC sun position algorithm. All this is done by means of the 
Communication ccmiraand. At this point tne startup procedure can 
proceed with the issuance ot the Standby commana. All
heliostats, or any portion as cononanded, move so as to reflect 
the svm»s image onto the Standby point (adjacent to, and away 
from, the receiver). The Startup procedure is thus completed, as 
tar as the neliostat array is concerned. The heliostats can, 
from this point on, be switched from the Standby to the Track
position (beam on the receiver) and vice versa as established by
the PCS. Motion from the Stow to the Standby position is 
controlled so as to prevent focusing ot any portion of the array 
onto anything other than the Standby point.

Shutdown
Shutdown is tlie operation that removes the beam from the receiver 
and, eventually, places tne array in a stowed position so that it 
IS ready for next day*s startup operation. When the Shutdown 
command is issued, a sequence of actions is started at the HAC. 
The first action removes the beam from the receiver and puts the 
array in Standby. Once the Standby position is reached, the 
reversal of the startup motion is initiated, that is, the array 
is moved from Standby to the Stow position. Again, as during 
Startup, the array is moved in a way that precludes the tocusing 
of any portion of it onto anything other than the Standby point.
There can be two types of shutdown operation: one is txie Normal 
Shutdown, such as the one executed at sunset; the other is the 
Jiunergency Shutdown, called \ipon at the incipience of an unsafe 
condition for the array (such as the conditions associated witn a 
wind storm). During a Normal Shutdown the heliostats are stowed 
with some predetermined orientation, racilitating Standby 
operation the next morning. A Normal Shutdown is initiated 
either by the operator (at the HAC or PCS) or automatically when 
the sun's elevation goes below a predetermined value, which can 
be changed at any time.
An fjnergency Shutdown is executed in a way that achieves the 
fastest possible realization of a stowed position. Accordingly, 
as the command is issued, only the azimuth of the heliostats is 
moved so as to remove the beam trom the receiver and place it at 
an approximate Standby position. As this step is accomplished, 
the heliostats are stowed with the mirror facing up. Mirror 
face-up position is used in this case because it constitutes the 
shortest travel time in elevation to achieve the stowed

5.2-6



condition. As the emergency conditions disappear, the array can 
be commanded to resume normal operation or assume a Norinai 
Shutdown position. The Emergency Shutdown operation is initiated 
either upon HAC or PCS operator command. It is issued 
autcsnaticaily through power failure detectors, storm-early- 
warning devices, receiver failure, or turbine trip.

Track
The Track command can be given for any number of heliostats 
through the HAC. At this command the heliostats are switched 
trom standby target tracking to receiver tracking. Tne number or 
heliostats to be moved per unit time is determined by the PCS. 
The Track command implies full execution ot the sun position 
algorithm at the HFC. Occasionally, a HAC (where a more detailed 
algorithm is implemented) reference sun vector is transmitted to 
the HFCs for calibration.

Standby
The Standby command is identical to the TracK command except that 
in Standby the heliostats are focused on a voluiae adjacent to the 
receiver, in free space. Sun position and pointing angle 
evaluations are carried out on a continuous basis to maintain the 
locus away from the receiver. The nuiaber or heliostats on 
Standby and number on TracK are constantly varied by the PCS to 
maintain the desired steam pressure and temperature at tne output 
of the receiver. The Standby mode of operation is always 
selected autoriiatically during Startup and Shutdown and 
constitutes the intermediate step ror the beginning or 
termination of power generation.
The data necessary for pointing angle evaluation are available at 
the HfC/HC at all times so that only the Standny or Track conauand 
need to be issued together with the identification of the nunher 
of heliostats involved. As for any mode of operation, thit* 
command can be issued either autcxnatically by the control system 
software or manually by the HAC or PCS operator.

Align
Align operation taxes place on a continuous basis under the 
control of the HAC utilizing the beara characterization system 
(BCS) located nelow the reheat receiver calibration receivers 
listed below the reheat receiver. The PCS and the BCS take part 
in this operation through their respective inrertaces with the 
HAC. The purpose of the operation is to permit the autcxnatic 
real-time evaluation ot the quality ot the beam and pointing 
accTxracy provided by a heliostat. Each neliostat is commanded iri 
sequence to reflect the sun*s image onto the calibration target. 
Beam size, shape, centroid, flux distribution, and power are 
measured for eacn heliostat. These data are evaluated and 
presented to the HAC and the PCS operator. Pointing data (beam
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centroid) are used oy the HAC to perform the necessary correction 
to the specific heliostat angles. The correctron biases are 
stored in the HFC to maintain an accurate heliostat pointing. 
Data relative to beam quality are used by the PCS operator to 
determine the need tor mirror facet canting adjustment and/or 
mirror washing. The whole operation is under software control 
and requires no operator intervention.
There are two types of alignment. One is performed following tlie 
installation of the heliostat to determine pointing biases caused 
oy installation irregularities (such as non-perfect leveling of 
the foundations, orthogonality errors between vertical and 
horizontal rotational axes, etc) . The otiier type is performed on 
a regular basis during normal operation. In essence the two 
operations are identical. The only difference is that initially 
the alignment operation is repeated several times auring a 
24-hour period. The pointing biases relative to each operation 
are stored in the HFC for the specific heliostat. At tne 
completion of the 24-hour alignment cycle, a special software 
routine is executed on the accumulated biases. Correction 
coefficients are evaluated so that, when they are applied to the 
encoder reading of the respective heliostat, comperxsation for 
leveling and other mechanical installation errors are achieved.
Regular alignment does not taJce more than approxiioately a minute 
to execute. The heliostat sequence, established in tne software,
is such that at least one heliostat from each cell is polled for
alignment before the next heliostat froia the saiae cell is 
selected. This procedure insures that any problem associated 
with an HFC is readily identified. The operator can intervene at 
any time to modify the sequence or to perform alignment on any 
heliostat upon command.

Manual
The Manual mode ot operation is used to move the specif ied nvuaber 
of heliostats in any direction, both in azimuth and in elevation.
This mode can be implemented at either the HAC or PCS, as for all
modes. In addition, it can be imposed locally cind individually 
tor each heliostat by means ot a control zone located directly on 
the HC. The Manual command is used when drive system tests are 
necessary or when the heliostat is to assunte a detenmned 
position for mirror washing. V»nen in Manual, the neliostat 
returns the encoder aata to tne HAC which can be used as a 
feedback during the local Manual operation.

Stow
The Stow operation places the indicated number of heliostats in a 
position Where the mirror facets are horizontal or vertical. 
This command is issued autoiaatically during the Startup and 
Shutdown sequences as well as manually at the HAC or PCS. The 
heliostats to be stowed are always on Standby as a starting mode.
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The features associated with this operation in normal or 
emergency condxtions are described in the preceding Shutdown 
Section. The Stow command can also be used to position any 
helxostat to a specific reading ot the azimuth and elevation 
encoders. This xs done xn connection with the Coamuaiicatxon 
operation (see next section) which enables the downloadxng (lower 
tier communication) ot any fixed angular position.

Communication
During Commtmxcation operation, the HAC, Hi'Cs, and HCs are in 
contact with each other but no additional action xs taxen oy tne 
helxostats. Data are transferred as needed in tne hidiiectional 
communication linxs. Several options can Joe selected while the 
Coramunicatxon mode is in effect. The HFC software can Joe 
downloaded from the HAC when the array xs xnstalled. h I s o ,  

initial downloading of data relative to the helxostat target 
coordinates (track and staiidby points) , stow position, and 
alxgnment biases can he achxeved durxng Ooramunxcation operatxons.
Data relatxve to the array are collected in thxs mode. Note that 
the Communication mode does not affect aiiy other mode xn whxcn 
the array is operating. Thxs mode co-exxsts witn any other 
previously established mode and is called upon only tc permit the 
exchange of any data among the various computers xn the control 
networx.
The helxostat control archxtecture is desxgned to achieve the 
intended performance at ail levels with very Ixttle human 
intervention. All modes of operations described axxjve can be 
selected by a single operator by controlling the execution of the 
appropriate instructions, or set of routines, which are
permanently stored xn the coniputer software. Although the 
operation routines are permanently stored, they can Jte modified 
or updated at any time using the standard ccaaputer system 
software witliout affecting the hardware. Provisions are 
included, however, to enable manual intervention in cuny iunction 
if so desired hy the operator.
The power required by the HAC, HFCs, and HCs can JDe as nigh 
(depending on heliostat manufacturer) as 160 xVJ and is continuous 
in all operating modes. During normal operation (Tracx, Standby, 
Align, Manual, and Communication modes) approximately / percent 
of the heliostat drive motors are operatiixg at any time which 
corresponds to an average driving power of as high as 110 XM. 
Therefore, durxng normal operation, the array power requirement 
could be as high as 270 kW.
5.2.3 Collector Performance
The collector field is sized and configured to redirect solar 
energy so that, at noon winter solstice with a solar ijosolatxon 
of 1000 103 MWt of solar power impinges on the primary
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receiver and 2b MW of solar povier impinges on t±ie reheat,
receiver. The total power iiapinglng on the receivers at 1* a.m. 
and 10 a.m. on winter solstice is less than the total power at 
noon. Likewise, with the constant 1000 W/ni* insolation, the 
total power impinging on the receivers Is less at noon equlx«ox 
euid noon summer solstice than at noon winter solstice. The 
effects are shown In Table 5.2-2. Also in Table 5.2-2, power 
efficiencies for several events are presented lor winter
solstice, equinox, summer solstice, cUid annual average.
Heat flux maps for noon, 10 a.m., cuid 9 a.m. winter solstice are 
shown in Tables 5.2-3 through 5.2-5. The peak heat flux on the 
primary receiver Is 650 kW/m^ and occurs at noon. Altnough this 
peak heat flux (650 kW/iâ ) exceeds the desired maxliuuai vertical
profile heat flux (630 kW/m*) shown on Figurtr 5.2-1, subsequent:
review by Babcock and Wilcox determined that 650 kW/m* is 
acceptable on the lower half of the primary receiver. The peak 
flux on the reneat receiver never exceeds I**© kW/m^.
5.2,4 Collector Field Costs
The collector field costs are estimated cased on a neliostat 
price of $198/m‘‘ (1^82 dollars) which includes all ccaaponents 
including the field control unit, foundations, installation, and 
field wiring costs.
Budget estimates were obtained frcwt three potential 
manufacturers, ranging from $198/in* to S350/iu^. A lower value ol 
$150/ta2 xs considered to illustrate sensitivity ot capital cost 
to heliostat field cost.
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TABLE 5.2-1
GENERIC HELIOSTAT DESIGN CHARACTERISTICS

Number of Heliostats
Height
Width
Height ro Centerline
Effective Mirror Area
Percent Reflectivity (Annual Average)
Heiiostat-standard deviation angulcu: 
errors for pointing
Surface Normal - standard deviation 
errors

2998
7.9 m (25.9 ft)
7.9 m (25.9 ft)
9.15 m (13.b2 ft)
57 ru2 (613.5 ft*)
92% (90%)
0.75 milliradian each 
axis
1 milliradicin each axis

1 of 1
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TABU. 5.2-2 
HELIOSTAT FIELD PERFORMANCE

Power Incident cn Primary Receiver (MWt) 
Power Incident on Reheat Receiver (MWt) 
Total Power (MWt)
Cosine eind Shadowing (percent) 
Reflectivity Loss (percent)
Blocking (percent)
Attenuation (percent) 
pillage (percent)
Insolation (W/in̂ )

Noon
Winter

Solstice
103
26
129
7.2 
8.0 
1.5
6.2 
3.1

1,000

10 am 
Winter 
Solstice
88
22
110
13. 1
8.0
1.4
6.2
3.2

905

9 cun 
Winter 
Solstice

67
17
84
22.4
8.0
1.2
6.2
3.2

765

Noon
Equinox
lOz
26
128
9.5
8.0
1.7
6.0
2.9

1,000

lioon
Summer

Solstice
96
24
120
14.8
8.0
1.2
5.7
3.2

1,000

Annual
Average
57
4
71
17.5
10.0
1.4
6.2
3.2

620

U1
I
to
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TABLE 5.2-3 
FLUX MAP - NOON WINTER SOLSTICE m/m^
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5.3 SOLAR RECEIVER SYSTEM
The receiver subsystem consists of primary and reheat receivers, 
a single tower structure, receiver support structure, riser and 
downcoraer piping, elevator, and stairways. A Preferred 
Configuration is recommended for this solar repowering 
application based on the results of a trade-off study described 
in Appendix A. The Preferred Configuration is an improved
external, pumped recirculation, drum type boiler being developed
as part of the DOE Advanced Water/Steam Receiver Program. This 
configuration, selected for the purpose of preparing a conceptual 
design, is based on the refined Babcock. & Wilcox (B&W) external 
receiver design* utilizing a screened tube concept with a forced 
recirculation boiler. The primary and reheat receivers are 
located vertically adjacent to each other on top of the concrete 
tower and face a 160-degree north field (see Figure 5.3-1).
The receiver subsystem also includes the pump, valves, 
instrumentation, and control system necessary to regulate the 
ilow, temperature, and pressure; and the required cont,rol system 
components necessary for safe and efficient operation, start-up, 
shutdown, and standby.
The purpose of this section is to define the conceptual design
features of this subsystem. Included is a description of the 
design encompassing the configuration, support structure, and 
control system. Also included are a description of the receiver 
performance for normal steady state conditions, and budgetary
cost estimates.
5-3.1 Design Requirements
The solar receiver sxibsystem, which includes both primary 
receiver and reheater receiver, requires rigorous design criteria 
to provide the reliability and cost effectiveness desired by £PE 
and other electric utilities.
The solar receivers must satisfy the following general 
requirements:

High reliability
Maximum utilization of incident energy 
Endurance of diurnal and cloud cycles 
Tolerance of extreme upsets 
Ease of operation and maintenance 
Fast start-up
Compliance with applicable codes and regulations

♦Sandia Report SAND 79-8177, Conceptual Design of Solar Advanced 
Water/Steam Receiver, Babcock 6 Wilcox, DOE Contract AT(z9-1)-789, 
Sandia Contract 18-6B79A, Albuquerque, N.M., March 1980.
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• 30-year life
• Minimum size, weight and cost

In addition, the receiver subsystem should also meet the
following functional requirements:

The receiver s\ibsystem shall include a prxmary recexver and a 
reheat receiver and snail provide the means of transferrxng 
the incident radiant power from the collector into 
superheated steam and transport of the steam to the high 
pressure (HP) 10.1 MPa/538®C (1,465 psia/l,000®F> turbine and 
the intermediate (IP) 2.93 MPa/538®C (U25 psia/l,000®F)
turbine.
The primary receiver shall be an external panel configuration 
with a forced recirculation boiler and shall face a north 
field of heliostats. The peak heat flux on the priiaary 
receiver shall not exceed 660 kW/m*. At noon winter solstice 
(design point), the primary receiver shall be capable of 
absorbing 91.3 MWt with a receiver incident power of
103.2 MWt and shall at least generate the steam at the rate 
of 129,000 kg/hr (284,000 lb/hr) with outlet conditions of
11.72 MPa/549®C (1,700 psia/1,020®F). The maximum allowable
pressvire drop in the superheater shall not exceed 1.93 MPa 
(280 psi) .
The reheat receiver shall be an external panel configuration 
capable of operating safely and relied>ly with an absorption 
heat flux level not exceeding 0.149 MW/m*. At noon winter 
solstice, the reheat receiver shall be capable of absorbing
17.5 MWt with a receiver incident power level of 25.8 MWt. 
Steam is at the rate of 115,400 kg/hr (254,500 lo/hr) 
(including attemperation) with outlet conditions of 2.97 MPa 
and 549®C (431 psia and 1,020®F). The correspc«iding inlet 
steam temperature is 373®C (703®F), and the maximum allowable 
pressure drop shall be 193 kPa (28 psig).
The two receivers shall be designed to be subjected to cyclic 
service with approximately 10,000 startup/shutdown cycles and 
50,000 cloud transient cycles. The receiver subsystem shall 
include a control system to maintain the HP and IP turbine 
inlet conditions within design tolerances while being 
subjected to f luctxaations in solar heat fluxes due to normal 
daily/hour variances and partial cloud transients. At those 
times when the solar system is not capable of meeting turbine 
inlet requirements, the receiver shall be maintained in 
standby mode.
The primary cind reheat receivers shall be supported by a 
single reinforced concrete tower structure 129.5 m in height. 
Above this elevation, the primary and reheat receivers shall
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be supported by steel framework anchored to the top of the 
concrete tower. The top and base diameters of the concrete 
structure are 10.7 m (35.1 ft) and Id.3 m (bO.O ft), 
respectively. The tower is located adjacent to the existing 
unit-

The interior of the structure accommodates pxpxng supports for 
feedwater and steam piping to the receiver. In addition, an 
elevator, ladders, walkways, and platforms are provided witnin 
the tov?er for inspection and maintenance.
5.3.2 Primary Receiver Design
The receiver desxgn concept is based on the B6W advanced 
water/steam receiver technology whxch combines high reliability 
and efficient performance with ease of operatxon and 
xnsensxtivity to partial cloud cover.
For this repowerxng project the basic B&W external receiver 
arrangement of the advcinced design has been optimized and retxned 
to minxmize size, weight, ana cost wxthout ccmpromisxng the 
performance. A general view of the receiver is shown xn 
Fxgures 5.3-1 and 5.3-2.
The primary receiver consists of exght panels arranged on the 
periphery of a vertical cylinder wxth 11.6-m (38-ft) diameter,
encompassing a 210-degree arc, facing north. Each absorbxng 
surrace xs 15.85 m (52 ft) high with an overall panel width of 
20.97 m (68.8 ft) for a total of 332 m^ (3,577 ft*) of absornxng 
surface.
5.3.2.1 Primary Receiver Conceptual Design
The fundamental approach xn the design of the solar receivers was 
to fully utilize the existing boiler technology and manufacturing 
techniques with special consideratxons for the unique 
requxrements of solar power. The analyses of the tinique 
characteristics of the heat flux incident on the receiver led to 
the development of ein external receiver desxgn concept which can 
withstand the expected variations of solar xnsolatxon. 
Innovative ideas were used to obtain the desired performance at a 
low cost. The basic features of the receiver design consist of 
the following;

• Partial arc external receiver facxng noirth
• Membrane wall superheater and economizer
• Screen txibes
• Pimp assisted circulation
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Ribbed tut>es to avoid departure from nucleate boiling 
(DNB)
Three over-surfaced superheater passes 
Dual (east, west) flow paths 
Spray attemperation 
Erasing valves 

Membrane Wall
AS in fossil-fueled steam generators, the absorber surface of the 
receiver consists of meiabrane wall panels which provide a firm 
houndary capable of withstanding, safely and reliably, the 
thermal stresses and external loads (wind). The membrane panels 
are light-tight to protect the supporting structure. The 
superheater panels consist of 1.9-cm (0.75-in)-diameter Incoloy
BOOH tubes welded together with 9.5-mm (3/b-in)-wiae bars about 
5 mm (0.19 in) thick of the same material to form a membrane 
construction. The inlet and outlet headers are also of the same 
material (Incoloy BOOH) to provide uniform thermal expansion. 
The steam flow in the superheater panels is upward in order to 
ensure positive steam flow in all tubes during fast cloud 
transients, when the heat flux may be expected to change from 
near zero to full value in 10 seconds. The panel is provided 
with structural steel buckstays to maintain its flat shape and to 
hold It to the tower structure. The panel is free to expand 
downward from the support grid and sideward from its north 
centerline.

Screen Tubes
The primary receiver design utilizes spaced screen t\ibes in front 
of the superheacer panels (Figure 5.3-3) to reduce che heat flux 
incident on superheater tubes to an acceptaole level. The screen 
tubes are cooled by subcooled or boiling water which absorns the 
major part of the high incident heat flux. Rows of screen tubes 
can reduce the heat flux incident on a superheater panel by 30 to 
70 percent, depending on tube size and spacing. By proper 
selection of screen tube sizes and spacings, it is possible to 
obtain an acceptably low-level, relatively uniform peak heat flux 
pattern on all superheater panels.
Use of screen tubes as the boiler section in front of the 
superheater panels also provides a significant advantage for 
reliable receiver operation. With this arrangement of heating 
surface, the superheater panels always absorb the same proportion 
of incident heat. Therefore, any diurnal, seasonal, and cloud 
shadowing variations of incident heat flux affect the boiler and
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the superheater in the same degree. This facilitates the steam 
temperature control especially during periods of partiax cloud 
coverage.
Another benefit of the screen tubes is xncxeased thermal 
efficiency of the receiver. Because the screen tubes are cooled 
by subcooled or boiling water, their metal temperatures are much 
lower than those of the superheater panels. Thus, the overall 
mean external metal temperature of the receiver is considerably 
lower than tor a design without screen tubes. The major effect 
is a reduction of the heat losses from the receiver due to 
emissivity and convection to the surrounding air. Also 
reradiation losses from the superheater are reduced because a 
significant portion of the energy reradiated from the superheater 
is absorbed on the rear facing portion of the screen tubes.

Pump-Assisted Circulation
This feature was selected to provide maximum freedom for 
transitions between operating modes. The circulating pvuop is 
important to receiver reliability because of its ability to 
maintain the required mass velocity at all operating conditions. 
No orifices are required in the boiling tube. Pump-assisted 
recirculation eliminates possible dynamic flow instabilities 
during fast insolation transients, with natural circulation, a 
risK exists that tubes which become stagnant or have reverse flow 
during cloud cover will not be able to re-establish adequate mass 
velocities when the cloud passes. With pun^j-assisted
circulation, the flow in the tubes remains substantially
constant, independent of load or heat absorption variations.

Ribbed Tubes
Ribbed tubes with internal spirals are used for the screen tubes 
to avoid DNB (Figure 5.3-3). The circulating pvmp maintains the 
required mass velocity and circulation ratio (steam quality) at 
all predictable operating conditions, including extremes of 
insolation distribution. Ribbed screen tubes operating with
nucleate boiling can withstand very high water-side heat fluxes
without excessive thermal stresses. Accordingly, the high 
water-side heat transfer rate of the tubes allows the use of low 
alloy, low cost material (SA-213 T2) tor the screen tubes.

Superheater
The superheater is divided into three separate flow passes with 
spray attemperation between passes. During normal operation, the 
incident solar energy varies considerably from panel to panel 
with time of day and with seasons of the year. The fraction of 
total radiant energy absorbed by each panel varies greatly with 
partial cloud cover. These variations in absorption of each
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panel result in different steam temperatures leaving the various 
panels. Multipasses permit a reduction of heat pickup per pass 
and decrease the temperature differentials. Also, after each 
pass, the steam is mixed to equalize tfie unbalanced temperatiures.
The superheater absorbing sxurface is “over-surfaced" to obtain 
full rated steam temperature at reduced or unbalanced insolation, 
especiaiiy during partial cloud shading. Under normal 
conditions, the excess steam teraperatvure obtaxned by the 
oversized superheater is ‘•attemperated* by spraying feedwater to 
the steam. This provides very rapid and simple control of the 
steaiii temperature without degrading the cycle efficiency.

Dual Flow Path
The superheater is divided into two symmetrical flow paths, east 
and west, each consisting of three series passes with spray 
attemperation between the passes. These two flow patns with 
spray attemperation for each are needed to compensate for the 
large diurnal, seasonal, and cloud-induced variations of incident 
power on the west and east sides of the receiver. During the 
morning hours, the west side receives more insolation; in the 
afternoon, the east side absorbs more. During cloud transients, 
one side will likely absorb more than the other. The separate 
attemperators in each flow path control the steam taaperattires.

Biasing Valves
A butterfly control valve is located at tne inlet to each 
superheater panel to provide proper flow distribution to panels
during severe cloud transients and dturing early morning and late
afternoon operation. During normal operation the valve is 
throttled to approximately 70 percent open position. If the 
panel outlet steam temperature exceeds the allowable value, the 
control repositions the valve to increase tne flow to this panel. 
If the steam temperature is nelow a given value, tne valve is 
throttled to divert the flow to the other flow paths. When the 
valve IS fully open and the steam temperatture at the exit of the 
panel is above the allowable value, a signal is provided to the 
collector field control to redirect a corresponding group of 
heliostats away from the hot flow path.
5.3.2.2 Description of Main Receiver Configuration
The centerline of the main receiver absorbing surface is located 
155 m (508 ft) above ground, facing a north collector field 
occupying approximately 160 degrees.
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jyasorber Panel Arrangement
The panel arrangement of the prxmary receiver is shown 
schematically in Figure 5.3-U. The external receiver consists of 
eight panels arranged symmetrically sUsout the north-south axis; 
six are superheaters aiid two are economizers. The superheater 
panels are composed of steam-cooled membrane wall tubes with 
water-cooled screen tubes in front of the membrane wall. The 
active surface covers 210 degrees of the receiver circumference; 
the remaining 150 degrees is closed with nonabsorbing galvanized 
steel siding to prevent unsymmetrical wind loading of the 
receiver.

Panel Design
A sectional view of the basic panel design is shown in 
Fig\ire 5.3-5. The superheater panels consist of small-diameter 
Incoloy BOOH tubes, with screen tubes arranged in front of the 
panel to shield the panel from excessive neat flxix levels. 
Tables 5.3-1 and 5.3-2 show the tube sizes, spacing, and other 
general design data for the panels. The screen tubes are always 
located outboard in line with the membrane so that the vibration 
support bar can penetrate directly through the slot in the 
membrane panel. The spacing of the screen ttibe is, therefore, 
always a multiple of the membrane wall tube spacing. As can be 
seen from Table 5.3-1, the screen tube sizes and spaces are 
varied from panel to pcinel. The variation is necessary to obtain 
a moderate and uniform heat flux pattern on superheater panels.
The farther away frcxn the north of the receiver, the larger is 
the incident heat flux gradient. To avoid placing the hottest 
panel in the area with the severe heat flux gradient, the 
secondary superheater panel is located between the primary and 
the intermediate superheaters. To minimize steam temperature 
differences between tubes of the panel, it is necessary to use 
two screen tube sizes in the intermediate superheater panel.
The screen ttibes originate at an inlet header on the bottom and 
terminate at outlet headers at the top. Water/steam flows upward 
through the t\ibes. The inlet header is supplied from the 
circulating pump discharge manifold. The outlet header collects 
the steam and water mixture of low steam mass traction (guality) 
emd discharges it to the steam dnim.
The screen tubes are attached to the superheater panels at a 
distance depending on tube size. Attachments maintain the 
appropriate spacing and avoid vibration. The attachment device 
provides a sliding fit support to compensate tor differential 
thermal growth of the screen tubes and membrane pcuiel. The 
design of this vibration support, shown in Figure 5.3-6, is an 
investment casting made of Type 304 stainless steel and is bolted
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txj the rear of the membrane; thus, it is not exposed to the
incident heat fliuc. A slot in the membrane permits the 
penetration of the screen support bar which is welded to the
screen tube. The support bar is guided through a round pin in a
pair of vertical slots provided in the casting. This
construction provides rreedwn of relative movement in the 
vertical direction only.
The design of the vibration support was analyzed tor a variety of 
possible flow instabilities such as galloping, whirling, vortex 
shedding, turbulence, buffering and wake-induced oscillations. 
Whirling and vortex shedding proved to be the ujost damgerous 
instaoilities. The spacing of the supports was selected to avoid 
critical vibration frequencies under any possible wind conditions 
at the receiver.
The screen tubes are assembled together with the membrane wall in 
tile shop to form a single shipping unit. All headers and 
bucKstays are shop-assembled. Insulation, applied at the plant 
site before the panel assembly is lifted into its position on the 
tower, is applied in two layers to a thickness of 0.18 m (7 in) 
witn staggered joints. Calcium silicate blocks 7.6 cm (3 in) are 
placed next to the membrane with 10-cm (i»-in) medium-temperature 
blocks of mineral fiber over it. The insulation is held in place 
by heat resistant studs welded to the back of the membrane baurs. 
Aluminum rib sheathing is applied over the insulation.
A tee-shaped stainless steel member clipped to the m^obrane panel 
permits unrestrained lateral growth in both directions from the 
center, where the tee is fastened to the meiabrane. Brackets 
welded to the tee member slide along two carbon-steel I-beams, 
which represent the buckstay, to permit unrestricted longitudinal 
expansion and contraction. The I-beams are outside of the 
insulation and always remain cold, while the tee-shapea member is 
below the insulation and is hot during boiler operation. The 
panel is supported from the upper headers that are attached to a 
horizontal member, which is welded to the upper ends of the 
buckstays. Two lifting lugs on the horizontal member are used to 
lift the panel on the receiver support grid. The buckstays are 
attached to the horizontal trusses cf the main support structure. 
The surface of the tubes that are exposed to solar radiatioit is 
coated with Pyromark black paint, which has a high absorptivity 
coefficient.

Flow Sequence Through the Receiver
The flow path through the receiver is conventional, as 
illustrated in Figure 5.3-7. Feedwater is admitted at a 
controlled rate into the two economizer panels to maintain the 
liquid level in the steam drum. The water is preheated in the 
economizer panels and is injected into the drum, where it is
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raixeci wxth the saturated water discharged from the cyclone 
separators. Slightly subcooled liquid at about 321®C (610®F) is 
pumped from the drum and distributed through the bottom header to 
the boiler tubes. As the liquid flows upward through these 
tuoes, xt is heated, converted into approximately 25 percent 
quality steam, collected by the upper header, and returned to the 
drum. Steam is released from the upper part of the druia, passes 
through centrifugal separators and scrubbers, then flows into the 
superheater.
As mentioned before, a pump-assisted circulation is used to 
ensure adequate and stable flow in every screen tube for all 
operating conditions, with sufficient margin or reserve for 
transient upsets. Tne circulation system is shown in 
Figure 5.3-7. Since panel arrangement is symmetrical, only one 
half is shown. As shown in the figure, the circulating system 
for the primary receiver consists of a circulating pump with 
discharge manifold, supply tubes, screen tubes, risers, drum, and 
downcomer.
All circulation calculations are performed by using a proprietary 
B6W circulation balancing computer program. The input consists 
of all circuits geometry and heat absorption distribution with 
selected sizes of downcomer, supply tubes, discharge riser, pump 
and cyclone separators. The output yields flow rates, mass 
velocities, steam quality, DNB ratio, stability, etc. The output 
must meet the established standard acceptance criteria and 
limits. The results indicate that the circulating system needs 
one downcomer, 20 supplies, and 20 risers. The nurr»ber and sizes 
are listed in Table 5.3-3. The calculation was further extended 
to the worst condition wnen circulating p\nups stop worKing. In 
the event of pump failure, the circulation system will still worK 
by natural circulation. However, for a solar receiver with 
unpredictable heat rlux variation from cloud transients, it is 
difficult to ensure adequate flow behavior in all natural 
circulation circuits. There exists a risk that tubes wnich 
become stagnant are having reverse flow from cloud cover and will 
not be able to re-establish adequate mass velocities by the time 
the cloud passes. In the event of an electric power supply 
disruption to the recirculation pump and controls, the receiver 
will not be endangered if removal of incident power begins within 
15 seconds and the incident heat flux on the receiver is 
gradually (linearly) and uniformly reduced to below 70 kW/m* 
within «0 seconds of tne disruption. The water storage capacity 
in the drxmi, even at the low water level, is adequate to maintain 
circulation and to supply steam to sufficiently cool the 
superheater to prevent tube failures.
A glandless boiler circulating pump is used for tne receiver. 
The glandless wet-stator design is now considered to be standard 
for boiler water circulation. The power requirement of tlie pump
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at normal operation is less tnan 40 JcW with about a 57-kW peak at 
cold start-up. The total circulation flow rate is near 
5.35 X 10* kg/hr (ll.b x 10* lb/hr), which corresponds to a 
circulation ratio of 4 based on rated steam generation.
Tne superheater is divided into two symmetrical flow paths» east 
and west, each consisting of three series passes. There is one 
panel per pass in each flow path, with spray attemperation 
between the passes; thus, four attemperators cure provided. The 
two flow paths and the spray attemperation are need€td to 
compensate for the large diurnal, seasonal, and cloud-induced 
variations of incident power on the west and ease sides of the 
receiver. Butterfly control valves are located at the inlet to 
each superheater panel to provide for flow distribution to panels 
during severe cloud transients and during early morning and late 
afternoon operation. The biasing of the butterfly valves is 
needed only at extreme transients when superheater temperatures 
become excessive.
Moisture-tree steam from the dr\jm flows through saturated 
connections to the primary superheater, where it is heated to 
about 417®C (783*i’) . The output of the primary superheater is
lead through two steam downcomers, one in each flow path, and 
attemperated and distributed into the intermediate superheater. 
The spray atteraperator, consisting of an atomizing nozzle and a 
venturi sleeve, is located in each steam downcomer prpe. 
Additional feedwater is injected into the steam, as required, to 
control the final steam temperature. At the design point, about 
b.3 percent spray is used and the steam temperature entering the 
intermediate superheater is reduced to 36S»*C (bHb^F) .
The steam leaving the intermediate superheater has an average 
temperature of about 446®C (835®F) and passes through a second 
stage attemperator located in each steam downcomer. At normal 
operating conditions, no spray is needed at this stage. The 
steam is heated in the secondaary superheater to the final steam 
temperature of 543®C (1,020®F) at the required pressure of
11.72 MPa (1,700 psia).
5.3.3 The Reheat Receiver Design
The baseline conceptual design of the reheater receiver 
originally followed the advanced receiver arremgement and 
consisted of horizontal flow panels aucranged in a 4 by 4 matrix. 
A detail performance analysis of that configuration has indicated 
an excessive pressure drop. Therefore, it was necessary to 
Change the arrangement of the reheater panels from four passes to 
three passes and from horizontal flow direction to vertical. 
Also, there was a non-absorbing transition between the primary 
and reheat receivers, wnich would require special precaution to 
prevent overheating. The turbine cycle requires a proper energy
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ratio between the primary and reheat steam supply. During cloud 
transients, thxs ratio may become upset, therefore, it may beccmie 
necessary to refocus some of the heliostats from one receiver to 
the other. This maneuver could overheat non-absorbing surfaces.
The new design of the external reheat receiver consists of 
16 vertical panels located directly below the primary receiver 
and arranged to prevent insolation from falling on non-absorbing 
surfaces. The absorbing panels are arranged on the circumference 
of a vertical cylinder of l4.U-m (47.5-ft)-diameter concentric 
with the main receiver and encompassing a 210-degree angle, and 
facing north. The height of the ed>sorbing suxface is 13.1 m 
(43 ft); the total panel width is 26.25 m (8b.1 ft), and the 
total absorbing surface is 343.8 m* (3,700 ft^).

Panel Arrangement
The panel arrangement of the reheat receiver is shown
schematically on Figure 5.3-8. The panels are composed of steam 
cooled membrane walls, made of vertical tubes 3.8 cm (1.5 in) 
diameter on 5.7 cm (2.25 in) centers with 1.9 cm (0.75 in) wide 
membrane bars welded between them. The panels are of the type 
shown in Figure 5.3-9, which in general, iS similar in
construction to the superheater panels. The vertical panel is 
bent at the top and supported at the curvature on a horizontal 
support pipe attached to the ouckstay syst«n, which is simileur to 
the panel support at Barstow. The fxmction of the nuckstay
system is to maintain the panel shape and to hold it to the 
support structure while allowing tor thermal growth. The 
junction at primary and reheat receiver is depicted in
Figure 5.3-10. A distance of 1.45 m (4.75 ft) is maintained 
between the reheater and superheater panels to hide the headers 
and supports from incident radiation and to provide room tor 
future closure door rails.
The reheater has two symmetrical flow paths east and west, with 
three series passes in each path and full steam mixing between 
passes. The first pass of the reheater is made of low alloy 
material SA-213 T22 and the two final passes are a Incoloy 800H 
material. Table 5.3-4 is a list of the solar reheater panel 
data. A spray attemperator is arranged at the inlet to each flow 
path to control the reheat outlet temperature, rach flow path is 
also provided with a butterfly biasing valve to restrict flow to 
the cold side and increase flow to the hot side.
5.3.4 Receiver Support Structure
Although the primary and reheat receivers are thermally 
independent and are each served by dedicated sets of heliostats, 
they are supported by the same structure. This structure, shown 
scnematically in Figure 5.3-11, consists of seven coluions bolted
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to foundation plates on tiie top of the tower. The colunms are 
interconnected by trusses at the tower surface and at ten other 
elevations to form a rigid septagonal space frame; dxagonal 
bracing between these elevations increases tiie torsional and
bending rigidity of the frame- Although such a frame is
redundant, it can oe readily analyzed by finite element methods. 
Platforms, decXs, component attachment fittings, stairways, etc, 
can be installed inside this space frame at whatever elevations 
the sizes of the boiler ccmponents dictate.
The major loads on the space fraime consist of tne receiver
weight, ice load, wind load, seismic effects, and future closure
doors. The receiver components and the support structure are 
designed to withstand UBC Zone 2 earthquaXe conditions and winds 
with a maximum speed of 45 m/s (100 mph) gusts at ground level 
(exponentially increased for height). The design was performed 
only to a level required to obtain a cost estimate.
The major vertical load on the structure is the weight of the 
receiver components which are fairly uniformly distributed around 
/:10 degrees of the north side periphery. The drum weight is 
suspended near the center from the top grid by means of U-shaped 
rods. The south side 150 degrees of the periphery supports 
mainly the enclosure siding. The major lateral load on the 
support structure is caused by the winds.
The receiver is suspended from a steel grid made up of large 
beams attached to the vertical columns; see Figure 5.3-11. The 
columns are spaced on a 8.53-ra (28-ft) diameter circle and are 
attached to the concrete tower. Circular (septagonal) trusses 
brace the columns at several elevations. Jc.very bay between the 
columns is diagonally braced for stability and to transfer the 
loads to the tower. A schematic arrangement of the column and 
bracing is depicted in Figure 5.3-11. Figure 5.3-12 shows a 
typical horizontal truss in the primary receiver area with 
vertical hangers and intermittent diagonal bracings. 
Figure 5.3-13 shows a schematic arrangement of the horizontal 
truss in the reheat receiver area and Figure 5.3-14 shows the top 
support steel.
Platforms, stairs, and railing are provided around the drrmi, 
pvimp, headers, and valves to facilitate inspection and 
maintenance.

Optional Closure Doors
The operational advantages of the external main receiver could be 
enhanced by tfie use of optional closure doors. These insulating 
doors would reduce the cooldown rate of the pressure parts when 
there is no solar input.
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The door consist of two curved, insulated, tambour type, sliding 
doors moving on trolleys over the absorber surface of the main 
receiver. In closed position, one door covers the east halt of 
the receiver tunes, and the other covers the west halt. The two 
doors move on rails attached to the receiver support structure. 
The door consists of panels about 18.0 m (5d ft) long, each made 
of standard steel joints and cross-oraced for stiffness. Four 
panels are hinged together to form the east door, amd four panels 
make up the west door. A trolley drive, operated by a 7.5-kW 
(10.0-hp) electric motor will move each door into open or closed 
position. The door hangs on the upper rails and is guided in the 
bottom rails.
5.3.5 Receiver Thenaal Performance
The thermo-hydraulic analysis was performed using the BSW solar 
receiver computer program. The basic inputs are heat flux maps, 
steam conditions, and assuiaed panel configurations.
Heat flux distribution has the largest effect on receiver design. 
Tiie heliostat aim strategy selected for both primary and reneat 
receivers is to provide a skewed heat flux patterxj for the 
primary receiver with the peak in the lower half, and a nearly 
uniform vertical heat flux distribution with a decrease towards 
tfie bottom of the reheat receiver. The vertical peak heat flux 
distribution for both primary and reneat receivers at various 
times of the day is shown in Figure 5.3-15.
Thermal losses from the receiver include the losses due to 
reflection from absorber surface, convection to the surrounding 
air, infra-red radiation of the hot receiver surface, and 
conduction through the insulation and supports.
Tne convection loss is the most difficult one to predict because 
of ccxnplex geometry. The natural convection part is estimated 
according to Kreith*s correlation. The forced convection part is 
calculated based on a reasonable extension of Achenbach's 
experimental data. The method of loss calculation of the 
receiver is presented in the Sandia report, SAMD 79-8177, 
Conceptual Design of Solar Advanced Steam/Water Receiver. 
Ambient temperatvure and wind speed have a significant effect on 
tliermal losses and, therefore, on receiver efficiexxcy.
5.3.5.1 Primary Receiver Thermal Performance
The heat flux map for the primary receiver at the design point 
(at noon of winter solstice) is shown in Table 5.3-5 (the peak 
heat flux on the main receiver is 655 kW/hi*) . Basea on ambient 
temperature equal to 13.9®C (57®F) and wind speed at receiver 
equal to 5.5 m/s (18 ft/s), the thermal efficiency at the primary 
receiver is found to be 88.45 percent. The power distribution
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ro, and power absorbed by, receiver panels are presented in 
Figure 5.3-16. Hie summary results at design point are listed in
Table 5.3-6. As can be seen, the pressure drop through the
superheater is 1.93 MPa (260 psi), and the steam flow rate xs
133,700 Jcg/hr (294,800 lb/hr), which is 3.8 percent over the
required steam flow. Also shown are the highest possible 
unbalanced steaiti temperatures and upset metal temperatures caused 
by extreme flow imoalance due to a combination of the following 
reasons:

« Header maldistribution
• Tube and manufacturing tolerances
• Screen tube deflection
• Panel flux gradient
• Heat flux peaxs (resulting from heliostat misalignments,

etc)
The total flux upset factor (Fq ) varies in both vertical and 
horizontal directions along the receiver. However, the flow 
unbalanced factor (̂ ,, ) only cnanges from peuiel to panel cuid 
remains constant along the tube. It is estimated that trie 
maximum heat flux upset factor is about 1.259 (+25 percent); the 
minimvim flow vmbalcinced factor is ahout 0.93 (—7 percent) at the 
design point, assuming that flow control valves are liot biased.
Figure 5.3-17 indicates the fluid and metal temperature profile 
of the primary receiver at design point. The highest upset metal 
temperatures are in the secondary superheater. It is seen that 
the fluid temperature in the economizer cuid superheater tubes 
continuously increases. However, the tube metal temperature 
increases and then decreases along the receiver neignt. This is 
due to the fact that the incident flux becomes small near the top 
of the receiver. With actuation of the biasing valves, the upset 
temperatures will be significantly reduced; these hiasing valves 
are needed only for transients caused by cloud passage.
5.3.5.2 Reheater Receiver Thermal Performance
In addition to peak incident heat flux shown in Figure 5.3—15, 
the heat flux map for reheater receiver at the design point is 
listed in Table 5.3-7. As indicated on the taole, the peak heat 
flux on the reheat receiver is 1U9 kW/m*. Figure 5.3-18 
indicates the power distribution to the reheater panels with 
total incident power of 25.77 MWt at the design point. Aiaong 
them, 17.54 MWt is absorbed by the reheater receiver, wnich 
represents a thermal efficiency of 68.0 percent. The sumrnary of 
theinnal performance results is presented in Tahle 5.3-8. The
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steam is generated at a rate of 1.2 x 10* Kg/hr 
(2.65 X 10* lb/hr) which corresponds to about 4 percent above the 
required steam flow* and the total pressure drop in the reheater 
is 0.11*3 MPa (28 psi).
The fluid and metal temperatvure profiles for both normal and 
upset conditions of reheater at design point are snown in 
Figure 5.2-19. The fluid temperature in the reheater 
continuously increases and, except for the first pass of the 
reheater, tne tube metal temperature increases due to the rise of 
steam temperature and then decreases along the flow direction 
when the incident fltix drops.
5.3.5.3 Overall Thermal Performance
Solar receivers* performances during winter solstice day are 
shown in Figure 5.3-20, which contains inronaation about thermal 
efficiency, steam flow, and spray quantity during the morning 
hoxirs of the day. The afternoon performance is a mirror image of 
the morning graphs. The dash line corresponds to the performance 
of the primary receiver and the solid line represents the results 
of the reheater receiver. Because of increasing incident heat 
flux from 9:00 a.m. to 12:00 a.m., the steam flow aind the thermal 
efficiency increase for both primary and reheater receivers. The 
overall thermal efficiency of the two receivers at various times 
of the day is listed in Table 5.3-9. It is seen tnat overall 
efficiency decreases from 84.37 percent at 12:00 a.m. to 
80.47 percent at 9:00 a.m., while the output drops 40 percent.
The receiver's thermal losses versus power output are presented 
in Figure 5.3-21. As indicated in tne figure, there are four 
types of losses, namely, radiation, convection, reflection, and 
conduction. Within the range as specified in tne figtire, the 
total losses and loss of each component are linearly proportioned 
to the receiver power output. The reflection losses tor both 
primary and reheater receivers are assimed to be 5 percent of tne 
incident heat flux. It is seen that the radiation loss of the 
reneater receiver is higher than convection loss. The reversed 
trend is found for the primary receiver. This can be explained 
by che lower average surface temperature of tne primary receiver, 
including boiler (screen tribes) and economizer.
The total power output, steam flow, and the thermal efficiency 
versus the total incident power are plotted in Figure 5.3-22. 
The dash lines represent the extrapolation of the present 
available results. The total power output of the two solar 
receivers is nearly a linear function of the total incident 
power.
The thermodynamic diagram for temperature versus enthalpy at 
design point is presented in Figure 5.3-23. This figure shows
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the temperature and the enthalpy of fluid at any stage xn the 
receivers- This figure also provides the useful information in 
calculating power unit heat balance.
5-3-6 Modes of Operation and Startup
The solar receiver is capable of operating alone or in 
combination with the fossil boiler# with a smooth transition from 
one mode to the other. Because of several control provisions 
incorporated in the receiver design# it is also able to operate 
during cloud transient with approximately 60 percent cloud 
coverage- The receiver can be held in "standby* condition for 
several hours with heliostats stowed- It can be started from 
standby condition (receiver warm) or from cold condition in the 
morning or mid-day.
The preferred diurnal start-up procedxire is to pre-warm the 
receiver before sunrise with water and/or steam from the turbine 
cycle or from the fossil boiler# so that all available solar 
power from the collector can be utilized to generate steam as 
early in the morning as possible. The steam is admitted through 
vent valves ana the condensate is removed through dram traps-

Morning Startup (Receiver Cold)
The initial conditions of the receiver are near ambient 
temperature with a nitrogen blanket at slightly above atmospheric 
pressure. The warm-up procedure brings the receiver to main 
steam line pressure and saturation temperature by sunrise.
The most important parameter affecting the startup is the rate of 
drum pressure increase which m\ist be limited to keep temperature 
and stress witnin acceptable levels- The expected trends during 
cold startup of pressure and temperature tor the primary receiver 
are shown in Figure 5-3-24- The corresponding steam consumption 
and energy required are mdicated in Figure 5-3-25- The required 
warm-up energy and steam consumption for the reheater is depicted 
in Figure 5-3-26 as a function of time. Since much less time is 
required to preheat the reheater than for the primary receiver# 
stecun is first introduced into the primary receiver- The boiler 
section (screen tubes) is heated by use of steam sparger 
inductors and# when the pressure starts to rise above atmospheric 
(after 18 minutes)# steam condensation in the cold superheater 
panels causes a large rise in steam consumption- After 
additional 5 minutes# the superheater panels reach saturation and 
steam condensation slows down- Now steam is introduced into the 
reheat receiver- After a total of 60 minutes# both receivers cu:e 
at full operating pressure. The total steam floiu consumption 
during the warm-up period is shown in Figure 5.3-27 and the total 
steeim energy amounts to 25.4 MW/hr (86.6 xIO* Btu) - An 
additional solar energy of 6-3 MW/hr (21-6 x 10* Btu) is used to
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heat the panels to their full operating temperature; see
Table 5.3-10.
The sequence for cold start-up is listed in Table 5.3-11.

Mid-Day Cold Startup
For start-up after sunrise when the receiver xs cold, ir. xs 
preferred to prewarm the receiver using the same procedures as 
listed in Table 5.3-11, except for a slower, controlled rate of 
aiming heliostats on the receiver after the required pressure is 
attained.

Cola Startup Usxng Heliostats
The receiver can be started from cold without the use of 
auxiliary steam tor prewarming. After the drum is filled wxth 
water and the circulating pump is put into operation, selected 
groups of heliostats are sequentially focused on the receiver x.o 
control the metal temperature rise and temperature differentials 
at allowable limit.

Hot Restart
After a standby period, selective heliostat focusing is required 
to attain proper stecum condition suitable for admission to
turbine-generator. The rate of rising steam pressure and metal
temperatures must be controlled within acceptable limits.

Freeze Protection
When the ambient temperature falls below 4®C (40®F) and there is
no insolation, it Is necessary to protect the receiver tubes and
pipes from freezing. This can be done by either draining the 
entire receiver, or by draining only the superheater and
reheater, and feeding hot feedwater through the water containing 
circuits (economizer and screen) and circulating the water with 
the boiler circulating pump.
5.3.7 Receiver Weight and Cost Estimate
An estimate of the receiver component weights is listed in 
Table 5.3-12. The estimate was performed using B6W experience in 
the design and manufacturing of steam generating equipment.
Cost estimates of engineering, materials, fabrication, and 
erection of the receiver components are given in Table 5.3-13. 
They are based on January 19b2 material cost and reflect wage 
rates at B6W manufacturing facilities. Cost oi field 
construction of the receiver support structure and the primary 
and reheat receivers, including insulation, was obtained using
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B6W*s expertise in construction and installation of steam 
generating and similar equipment adjusted tor labor rate in the 
El Paso area.
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TABLE b.3-1
PRIMARY RECEXVER PAHEL DATA

Panel
Number widt-b

m
(tt)

Screen Tubes (Boiler)
No. Spacing

cm
(in)

OD
cm
(in)

Type
MeniPrane Tubes
No. Spacing

cm
(in)

OD
cm
(in)

oi
fOJI
VO

1

3
5
7
9

11
13
15

1.2535 
(4.1124)

1.2535
(4.1124)
1.2535
(4.1124)
1.2535
(4.1124)

1 . 9 9 6 9
(4.9176)

30

22

11
11

6.5725
(3.375)

11.4300
(4.500)
11.4300
(4.500)
11.4300
(4.500)

3.4925
(1.375)

5.0600
2.125)
4.4450
(1.750)
3.4925
(1.375)

SHI

SH3

SH2

88

88

88

2.8575
(1.125)

2.8575
(1.125)

2.8575
(1.125)

1.905 
(0.750)

1.905 
(0.750)

1.905
(0.750)

— NO SCREEN TDBbS— ECON 80 3.8100 2.540
(1.500) (1.000)

NOTES;
1. Due to syiametrical arrcuigement, only lialf ot the primary receiver 

I S  listed here.
2. SHI = Primary superheater; SH2 = Intermediate superheater;

SH3 = Secondary superheater; ECON = Economizer
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TABLE 5.3-2
gkneraIj design da t a fo r primary r e c£,i v kr panels 

External Type, Diameter 11.58 m (38 ft). 
Active Height 15.85 m (52 tt)

Membrane (Superneater)

Tube and Membrane Material 
Tube Wall ThicJcness 
Active Tube Length 
Total Tube Length 
Membrane Thickness 
Inlet Header 00 
Outlet Header OD 
Header Material 
Design Pressure

800H
2.5U mm (0.100 in)
15.85 m (52 ft)
16.31 m (53.5 ft)
4.75 mm (0.187 in) 
0.114 m (4.5 in)
0.114 m (4.5 in)
800H
14.5 MPa (2,100 psia)

Screen Tubes (Maiti-Lead Internal Ribs)

Tube Material 
Tube Wall Thickness 
Active Tube Length 
Total Tube Length 
Inlet Header OD 
Outlet Header OD 
Header Material

SA-213-T2 
j.7b mm (0.148 in)
15.85 m (52 ft) 
16.61 m (54.5 ft) 
O.IbU m (6.625 in)
0.168 m (6.625 in) 
SA-210-C

Membrane (Economizer)

Tubes and Membrane Material 
Tube Wall Thicxness

SA-210-A1
3.43 ram (0.135 in)

1 ot 2
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TABLE 5.3-2 (Cont)

Active Tutoe Length 16.85 m (52 tt)
Total Tuoe Length 16.31 m (53.̂ 5 tt)
Membrane Thickness 6.35 ram (0.250 in)
Iniet Header OD 0.1b8 m (6.625 in)
Outlet Header OD 0.168 m (6.625 in)
Header Material SA-106-C
Design Pressure 14.8 MPa (2,150 psia)

2 ot 2
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TABLt 5.3-3
PRIMARY RECEIVER CIRCULATING RYSTEM DATA

Panel
No.

1

3
5
7
9

11

Screen Tube 
(Boiler) 

No.

30

22

22

No.
Suppliea
OD

m (in)
0.0889
(3.5)

0.0889
(3.5)

TbiCKness 
m (in)
0.0064
(0.25)

0.0064
(0.25)

0.0889 0.0064
(3.5) (0.25)

No.
Risers
UP

m (in)
Tnic)tness 
in (in)

0.0BU9 0.0064
(3.5) (0.25)

0.0b89 0.0064
(3.5) (0.25)

0.0889 0.0064
(3.5) (0.25)

Dowpctxner
No. OD

m (in)
Thictoess 
m (in)

0 —

1 0.2»38 0.0214
(11.75) (0.843)

cn
fu>IM(O

NOTES;
1. Due to syitnietrical arrangement, only half of tne receiver is listed here. 

The dimensions of the screen tubes are shown in Table 5.3-1.
Only one downcomer is needed for entire receiver.

2.
3.
4. The steam drum is 1.37 m (54 in) ID, 0.1175 m (4.625 in) thick, 

3.5 m (11.5 ft) long with hemispherical heads, material SA-515.
5. Only one circulating pump is needed.

Circulating pump = 39.3 kW at operating.
= 56/4 kVK at cold.
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Panel Flow

ui
wINJOJ

TABLE, 5.3-11
RLHEATKR RBCEIVER PANEL DATA

Membrane Tube

lOTES;
1, Because arrangemen't is symmetrical, 

listed here.

Number Direction Width Material Type No. SoacincT OD
m cm cm

(tt) (in) (in)
1 1.8776 RHI 5.715 3.81

(6.1567) Croloy 2 1/2 65 (2.25) (1.5)
3 upward 1.8766 RH1 5.715 3.81

(6.1567) (2.25) (1.5)5 1.5692 Croloy 2 1/4 RHI 28 5.715 3.81
(5.1483) (2.25) (1.5)

7 1.5692 RH2 27 5.715 3.81
(5.1483) (2.25) (1.5)

9 downward 1.5692 RH2 5.715 3.81
(5.1483) 55 (2.25) (1.5)

11 1.5692 Alloy RH2 5.715 3.81
(5.1483) 800H (2.25) (1.5)

13 1.5692 RH3 5.715 3.81
downward (5.1483) 55 (2.25) (1.5)

15 1.5692 RB3 5.715 3.81
(5.1483) (2.25) (1.5)

only half of the reheater receiver is

2. Rill = primary reheater, RH2 = intermediate reheater, Kd3 = secondary reheater
3. All tubes are 0.263 cm (0.105 in) minimum thicicness
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TABLE 6.3-5

DESIGN POINT PRIMARY RECEIVER FLUX MAP

N
Sector Number

11 _ ia _ -1 1 _ 2 _ 7 _ L _ 2 _ _1_ 6 _S_ IS- -12_ 11
1 5 .9 3 15 35 73 105 127 138 143 150 144 151 149 134 109 83 51 20

1 4 .4 8 23 67 140 179 230 267 280 280 276 260 249 235 211 167 98 33

c
1 3 .0 3 30 93 202 286 348 384 401 417 399 402 390 364 321 250 160 48

«
> 1 1 .5 8 37 114 256 385 473 507 503 504 519 493 475 459 426 339 207 71
•HV
V 1 0 .1 3 49 139 287 417 513 571 592 580 610 589 561 538 505 423 255 92
W
PC
c 8 .6 9 49 154 322 457 558 617 643 657 638 632 623 597 538 435 244 96

£ 7 .2 4 47 175 321 479 583 638 657 660 650 643 630 611 567 457 242 86

o 5 .7 9 49 142 297 447 544 592 615 651 656 602 580 556 510 432 226 79

.co< 4 .3 4 38 129 251 386 462 507 533 542 556 537 520 479 412 340 189 68
■HVs 2 .9 0 26 81 178 270 321 355 383 401 409 378 367 344 300 245 146 49

1 .4 5 17 51 113 167 198 222 243 256 252 237 216 197 175 142 80 28

NOTE: Map of the incident flux (kW/m^). These values are interpolated
from those presented in Table 5.2-3.

N
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t a b u ; 5.3-6
PERFDRMANCfi OF PRXMARY RECEIVER AT WINTER SOESTICa DESIGN POINT

U1
•
I jJ
IMUI

Superheater Outlet
Pressure
Tempera t\ire

Pressure Drop Through 
Superheater
Drum Pressure
Flow Rate

Primary Superheater 
(or Preheater)
Spray Attemperator 1
Intermediate Superheater
Spray Attemperator 2
Secondary Superheater
% Spray
Circulation Flow 

Circulation Ratio 
Circulation Pump Power 
Feedwater Temperature 
Incident Power 
Radiation Loss 
Convection Loss 
Conduction Loss 
Reflection Loss 
Absorbed Power 
Efficiency

MPa (psia)
C (F)

MPa (psi)
MPa (psia) 
Kg/hr (iD/hr)

AW
C (F)
MWt (Mfltu/hr) 
MWt (MBtu/hr) 
MWt (MBtu/hr) 
MWt (MBtu/hr) 
JWt (MBtu/hr) 
MWt (MBtu/hr) 
%

11.72
549

1.93
13.66

133700

121600
12070

133700
0

133700
9.03

534620
4
39.3
236
103.249
2.914
3.332
0,516
5.163

91.325
88.45

(1700)
(1020)

(280)
(1980)

(294620)

(268200)
(26620)
(294620)

0
(294820)

(1179280)

(457) 
(352.492) 
(9.948) 
(11.375) 
(1.762) 
\17.627) 
(311.784)
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TABLE 5.3-6 (Cont)

Ul
wIto
( J l

Power Absorbed by Components
Preheater
fivaporator
Primary Superheater
Intermediate Superheater
Secondary Superheater

Peak Flux at Noon
Average Flux at Noon
Peak Superheater Tube OD 
Temperature
Peak Screen Tube CD 
Temperature
Maximum Steam Temperature 
leaving Tube
Maximum Upset Tube OD 
Temperature
Ambient Conditions

Ambient Temp>erature
Wind Speed at Receiver

Receiver Configuration
Height
Diaineter
Arc Angle
Developed Width
Absorber Surface

MW (MBtu/hr) 7.696
MN (Itotu/hr) 47.215
MW (MBtu/hr) 14.581
MW (MBtu/hr) 10.832
MW (MBtu/hr) 10.966
kW/m* (kBtu/hr-ft2) 660 
kW/m2 (kBtu/hr-ft*) 308.28

C (F)

C (F)

C (F)

C (F)

C (F)
m/s (±t/s)

m(ft) 
m(ft) 
degrees 
ffl(ft) 
m*(ft*)

590

374

601

640

13.89
5.5

52
38
210
20.97
434

(26.274)
(161.191)
(49.779)
(36.981)
(37.439)
(209.22)
(97.724)

(1094)

(705)

(1114)

(1184)

(57)
(18.04)

(15.85)
(11.58)

(68.B)
(4673)

NOTE;
^Economizer plus Superheater plus Screen (Flat Projected)
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TABLE 5.3-7
DESIGN POINT REHEAT RECEIVER FLUX MAP

tECTOR NUMSER

i

1 JL J- JL II Ji It It 12 10 B t t 2

l).0) S 33 to 89 lit I3S Itt lts 138 ItO 129 ns 101 8t SO It
II.SB 10 IS tl 90 109 123 133 131 127 128 IIB 1,17 97 77 St 17
10.13 s IB to i<> III MB III 132 III IIS 119 113 no 101 St IB
B.6S B 29 S9 19 III lit IIB I3t 137 129 lit 117 lOB 101 SI 19
7.EII 10 2R St B7 lOS 117 IIS 127 lit lit lit 109 100 83 tl 12
S.7S 7 25 S3 t7 9B III 117 117 122 IIS no 107 101 80 ts II
R.R3 10 It tB 77 99 III lit 109 III 102 100 99 92 7t tt 12
2.SO S 20 t3 to 7S Bl 83 8S 89 Bl 7S 73 71 71 39 8
I.RS 3 10 It *0 tl tt SI SS SS t7 ts t3 to t3 IB t

NOTE: Map of the incident flux (kW/m ), These values are interpolated
from those presented in Table 5.2-4.

RHI

RH3 RH3

RHZ

/2S

0- RH1

1 of 1
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TABLji 5.3-B
P£RFORMANCE OF 

RtHEATER RECEIVER AT 
WINTER SOLSTICE DESIGN POINT

Beheater Inlet
Pres3\ire
Temperature

Reheater Outlet

MPa (psra) 
C (F)

3.178
372.8

(455)
(703)

Pressure
Temperature

Pressure Drop
Flow Rate

MPa (psia) 
C (F)
MPa (psia)

2.945
549
0.193

(427)(1020)
(28)

Inlet
Attemperator 
Outlet 
% Sprav

)tg/hr (Inm/hr) 
Jtg/hr (IJom/Jir) 
)cg/hr (Ibm/hr)

113060
7110

120170
5. »1

(249300)
(15670)
(264970)

U1
•U)
IlO
00

Incident Power 
Radiation loss 
Convection Loss 
Conduction Loss 
Beflectxon Loss 
Absorbed Power 
Efficiency
/Bnnient Conditions

Ambient Temperature 
Wind Speed at Receiver

Receiver Configuration

MWt(MBtu/hr) 
MWt(MStu/hr) 
MWt(MBtu/hr) 
MWt(MBtu/hr) 
i«t (MBtu/hr) 
MWt(MBtu/hr)

C (F)
m/s (tt/s)

25.774
4.B09
2.013
0.129
1.289

17.535
68.03

13.89
5.5

(87.992)
(16.418)
(6.872)
(0.440)
(4.401)
(59.864)

(57)
(18.04)

Height 
Dicuneter 
Arc Angle 
Developed Width 
Absorber Surface

m(ft) 
m(ft) 
Degrees 
m(ft) 
m* (ft2 )

13.11
14.48

210
26.30
345

(43)
(*»7.5)
(86.27)

(3710)
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TABLE 5.3-9 
OVERALL THERMAL EFFICIENCY AT VARIOUS TIMES

Incident Power (MWt)
Primary Receiver 
Reneater Receiver 
Total

AbsorOed Power (MWt)
Primary Receiver 
Reheater Receiver 
Total

Eftxciency {%)

Prin\ary Receiver 
Reheater Receiver

Overall Efficiency (%)

12 Noon

103.25
25.77
129.02

91.33
17,54
108.87

88 .46 
68.06
84.38

10AM

87.98
21.82
109.80

77.06
13.88
90.94

87.59
63.61
82.82

9AM

6 0 . 8 9
16.50
83.39

57.32
8.98

66.30

85.69
54.43
79.54

NOTES;
1. Ambient temperature is 13.89®C (57®F)
2. Wind speed at receiver is 5.5 m/s (18.04 ft/s)

1 of 1
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TABLE 5.3-10
ENERGY REgUXRED FOR WARM-UP

Type Dcx>rs

Primary Receiver No
Primary Receiver Yes
Rehea-ter Receiver No

Energy Sources 
Ambient. Steam Solar
C(F) MW-hr(MBtu)
10 (50) 16.tt (57.3) 1.8 (6.0)
177 (350) 8.0 (27.2) 1.7 (5.7)
10 (50) 8.6 (29.3) 4.5 (15.5)

Energy Required 
MW-hr(MBtu)
18.5 (63.3)
9.6 (32.9)
13.1 (44.8)

in
fu>Iwo

NOTES;
1. Energy from steam is used to heat the receiver from ambient temperature 

to saturated condition.
2. Energy from solar is used to heat the superheater or reneater from 

saturation temperature to its average temperature 443®C (830“F).
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TABLE 5.3-11
STaRT-OP s e q u e n c e  - RECEIVER COLD 

(FOR REFERENCE TO VALVE LETTERS SEE FIGURE 5.3-28)

1. Vent and fill drum to slightly above normal water level with
teedwater (mix as required to match witliin 65 ̂ Ĉ (150*>F) of
bottom lower drum metal temperatures).

2. Open economizer circulation valve E, superneater drains, and 
trap system H. Superheater steam vent valve F remains closea 
vintil drum is warmed to saturation 100®C (212®F).

3. Start boiler circulating pumps-
Close nitrogen hlanketing valves, open ttirhine end main steam 
stop valve, open warm-up valve B, and control prewann-up of 
economizer and screen at prescribed rate. Note: This valve
controls pressure and, thus, saturation temperature rate of 
change 5.6-3.3 C/min (10-6 F/min).

5. Stem sparger inductor valve D is used to warm up the drum, 
screen tubes, economizer panels, and all associated 
connection piping. Open valves I when the drum water reaches 
saturation temperature 100®C (212®F). Superheated steam is 
admitted through valve F into the SH, and condensation is 
returnee through traps at H. If SH vent to atmosphere is 
open, close at 0.172 MPa (25 psia).

6. As volume of water in drum swells on warm-up, excess is 
dumped through G to maintain level slightly higher than 
normal set point (single-element controller).

7. When steam consxraiption in superheater falls below 505i of peax 
rate, open valves K to admit steam to the reheater. The 
condensation is returned through traps L.

8. At sunrise, focus heliostats on receiver.
9. Steam evaporation begins at first insolation at a rate 

corresponding to net power input to screen tubes ana 
economizer. Open receiver steam valve A. Close steam 
sparger inductor valve D. Close superheater vent valves F 
and reheater vent valves K. Close drain valves G and L. 
Spray attemperators must be available for use.

10. Drum level dvunp valve G should be closed (automatically) as 
steam flow occvurs. The feedwater flow is started when drum 
level drops below normal. Economizer circulation valve £ is 
closed as this occturs. Drum level control is automatic.

11. The warm-up valve B and superheater drains H and L are closed.
1 of 1
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TABLE 5.3-12 
RECEIVER COMPONENT WEIGHTS 1,000

kg lia

Support Structure (plus platforms and stairs) 302 665
Primary Receiver (dry) 304 670
Heneat Receiver (dry) 150 330
Water Fill 43 ^5
Instrumentation and Controls 18 40
Closure Doors 91 200
2" of Ice (on Receiver and Doors) 113 250
Total Weight at Top of Tower 1021 2,250

1 of 1
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TABLE 5.3-13

BUDGETARY COST ESTIMATE FOR RECEIVER SUBSYSTEM 
(Jcuiuary 1982 Dollars)

Engineering $1,200,000
Material Delivered plus Service and Supervision 7,935,000
Erection Labor 2,005,000
Total $11,140,000
♦Closure Doors Delivered $690,000

Erection 95,000
$785,000

♦Not included rn direct cost estimate« These doors eire 
considered optional.
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FIGURE 5 .3 - 2
SECTION THROUGH RECEIVERS
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5.4 FOSSIL BOILER SUBSYSTEM
l^e fossil boiler s\ibsys-tem includes the existing fossil-fueled 
boiler and associated boiler control system modified to provide 
state-of-the-art control components to improve the relieU^ility 
and availability of the subsystems. The only modifications to 
the fossil boiler subsystem affect the combustion control, 
feedwater control, steam temperature control, and burner control. 
These modifications are discussed in Section 5.6.
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5.5 ELECTRIC POWER GENERATING SYSTEM
This section describes the functional requirements, design, 
performance, and cost of the existing electric power generating 
system (EPGS) modiiied to include a solar repowering system. The 
description of the characteristics and periormance ot the 
existing EPGS is detailed in Appenaix E.2.
5.5.1 Functional Requirements
The EPGS shall accept steam from either or ix>th the solar or 
fossil steam supply systems. The design of the syste^n shall 
permit isolation of either the solar receivers or tne fossil 
boiler tor inspection and maintenance while the unisolated steam 
supply equipment continues to supply steam to the turoine 
generator.
All modifications to incorporate a solar repowering system shall 
meet the operating constraints imposed by the existing EpGo as 
specified in Table 5.5-1.
The solar repowering system components are located close to the 
existing plant to provide an economical and practical 
arrangement.
5.5.2 Design
5.5.2.1 Major Fluid Systems
The conceptual design drawings of the solar repowered Newman 
Unit 1 Power Station are presentee in Appendix B. The 
fundamental flow diagram, 140b7-PID-l-1, schematically shows that 
the solar repowering system primarily interfaces witn the 
existing EPGS at the feedwater, main steam, and low temperature 
reheat and high temperature reheat systems. Interlace point for 
main steam piping is shown in Figure 5.5-1. Interface points for 
low and high temperature reneat piping are shown in Figure 5.5—2.
Flow diagram 14067-FM-9-SR details the piping, valves, controls, 
and instrumentation required to satisfactorily combine and 
operate the solar repowering system with the existing EPGS.
When the solar receivers and the fossil boilers are operating 
concurrently, the feedwater flow splits at txie discharge of the 
boiler feed pimps. A new 20.3 cm (8-inch) nominal size line from 
the existing feedwater line conveys part ot the leedwater flow 
through two solar feedwater heaters to the inlet ot the solar 
feedwater pumps. The remaining feedwater is transported to the 
economizer of the existing fossil fueled boiler.
The feedwater entering the solar feedwater pumps is discharged 
through a 15.24-cm (6-inch) nominal size line to the solar 
primary receiver economizer panels.
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Main si:eam from the superheater outlet of the solar priioeury 
receiver is aelivered tlvLOuqh a 30.5-cm nominal sxze
main steeun line to a connection at the existing meuin stecun 
piping. The superheated steam from the tossil boiler is combined 
with the solar steam prior to admitting the steam to the high 
pressure (HP) turbine inlet.
Low temperature reheat steam flow exiting the HP txirbxne exhausr. 
is divided and part of the stecua is transported by two 35.6-cm 
(1i»-inch) branch lines that eure headered into a 61.0-cm (2U~inch) 
line to the solar reheat receiver. The remaining flow is 
delivered to the reheat section of the fossil boiler.
High temperature reheat from the solar receiver is returned by a 
61.0-cm (24-inch) neader which splits into two 35.6-cm (14-inch)
lines to ccxnbine into the existing high temperature reheat 
piping. The solar nigh temperature reheat steeua and the fossil 
boiler reheat steam are mixed prior to entering the inteime diate 
section of the HP turbine. The design of the combustion control, 
feedwater control, and the reheat steam teiqperature control are 
described in Section 5.6.
EPGS motor-operated isolation valves are supplied in the 
feedwaters, main steam, and high and low temperature reheat 
piping. These isolation valves permit the operator in the 
control room to isolate either the solar or fossil systems.
Piping drawings for the conceptual design of the solar repowered 
Nevgman Unit 1 are included in i^pendix D. Table 5.5-2 specifies 
the piping sizes, wall thickness and material, and the length of 
piping required for the solar feedwater, main steam, and high and 
low temperature reheat systems.
The solar feedwater ptunps are two half-capacity centrizugal 
pumps, each rated at 0.27 m*/s (430 gpm) and at a total developed 
head of 36.6 m (1,200 feet). The motors are rated at 186 kW 
(250 hp). The pumps are designed to withstaxxi the boiler 
feedpump total shutoff discnarge pressure of 14.9 MPa 
(2,160 psig) at a temperatvire of 236®C (457®F> .
A potential problem associated with high stecun temperature, over 
480®C (900®F), piping is exfoliation, which results in turbine 
solid particle erosion. An initial identification of the 
EX>tential problem, its impact, and possible solutions is 
presented in order to support initial conceptual design efforts.
Exfoliation is a condition caused by the formation of an oxide 
scale on the svurface of the ferrltic alloy material that has been 
exposed to a steam ten^eratxire of about 538®C (1,000®F). Mhen 
the material imdergoes thermcil cycling, the tigntly bonded oxide 
scale separates from the base metal and is transported to the 
turbine by the steam where it can cause considerable damage.
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As early as 1954, a utility nad reported extolxaraon on tiie 
inside surtace ot superheater tuhes. Recently, a doraestic 
turbine manutacturer has surveyed 800 turbines and reported 79t> 
units has experienced turbine damage from exfoliatxon.
The maxn steam and high temperature reheat pipxng in tne solar 
repowered Newman Unit 1 will carry 538®C (1,000®F) steam.
Ferrxtxc alloy material, 2 1/2 percent chromium/1-0 percent 
molybdenum, has been selected because the material is au>xe to 
withstand the steam condxtions and the cost of the material is 
lower than other suitable materials. Sxnce the pxpxng will 
xindergo daily thermal cycling, and sxnce the total surrace area 
of the solar repowering is more than eight txmes greater than 
provided in the Newman Unit 1 power plant, exfolxatxon could be a 
greater problem them in conventional systems.
To minimxze the problem of exfoliatxon, coatings Ccm be applxed 
to the pxping to protect the surfaces from oxidizing. For 
example, BabcocK 6 Wilcox has developed a method to coat the 
surfaces wxth a layer of enrxched chromxum. The coatxng has been 
shown to resist degradatxon arter a number ot years xn servxce 
and reduce exfoliation significantly.
Further investigation of the exfoliatxon problem wxil contxnue 
during the preliminary design effort.
5.5.2.2 Turbine Generator Modifications
The addition of a solar repowering system to Newman Unit 1 
requires the unit to be cycled daily wnen operating in a solar- 
only mode.
The existing turbirie generator is designed as a baseloaded unit, 
requiring modifications for cycling duty- Modifications made to 
the turbine generator will allow the equipment to withstand the 
thermal stresses created in both the turbine cylinder cuid spindle 
when these parts are heated and cooled between extreme values of 
metal temperatures at high and low loads. The value of the 
stress level will depend primarily on the total teit^perature 
change, the rate of change, and the physical dimensions and 
gecxnetry ot the part being heated.
Daily cycling affects principally the following turbine areas:

Increased wear rate on nozzle vanes and impulse blades due to 
solid particle erosion.
Cracking of spindle and cylinder surfaces due to therroal 
cycling.
Control of internal turbine clearances during rapid 
differential expansion is associated with quick starting and 
loading-
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The required turbine generator moditications periait the equrpinent 
to wxthstand the daily thermal cycling and any thermal transieiita 
occurring during normal operation. The modifications include a 
digital electrohydraulic control system (DiH) and refurbishing of 
critical internal components ot the existing turbine generator.
The DEH system has a high pressure fluid supply system tnat
supplies fxuid to hydraulic actuators that position tne turbine 
generator throttle, governor, and intercept valves. The DEH 
controls are described in Section 5.6.
The turbine generator refurbishing is accomplished by providing 
new radial inserts, spindle balance piston seals, nozzle chest 
seals, inner cylinder and low pressure duitony ring seals, 
grounding brush, blades for the first two rows of stationary and
rotating blades after the reheat section, and seal segments for
the number 2 gland.
5. 5.2.3 Electrical
The electrical systems for solar repowered Newman Unit 1 tie into 
the existing electric subsystem tor startup and normal electric 
power. The one-line diagram, 'li*067-EW-S1A—SR in Appendix D, 
shows tne primary electric ccanponents or the solar siuisystem and 
its tie to the existing electrical subsystem.

Existing Main System
The main electrical system is relatively unchanged except for 
providing the extra auxiliary power required by the solar 
repowered unit. This requires tapping the existing 13.8 KV
generator bus, the reserve station service 2,400 V transrer bus,
and increasing the size of the station service transformer 
supplying 480 V loads.

Auxiliary Electrical System
Solar auxiliary transformer no. 1 is rated 3,750 JtVA, OA future 
FA, 13.8-2.4 kV, 3-phase, 60 Hz. It is tne normal station power 
source for the solar power system and its high voltage terminals 
are connected to generator no- 1 13.8 JcV ous through a 15 kV, 
400 ampere, disconnect switch. The transformer low voltage 
terminals connect to the 2,400 V solar bus by cable which
terminates in an air circuit breaker in the 2,400 V switchgear.
The 2,400 V solar bus is comprised ot metal clad, dead rront 
switchgear in the solar feedwater pump house.
The 2,400 V switchgear also is connected to tne existing Unit 1, 
reserve station service transformer 2,400 V transfer bus through 
an air circuit breaker and a manually operated, 5 kV, 1,200 A 
disconnect switch. This transformer provides the startup
electric power source for the solar repowering system. In the
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event of a loss of normal station power, automatic transfer or 
the 2,400 V solar btis is made to the Unit 1 reserve station 
service transformer 2,400 V transfer bus.
Air cxrcuit breakers (ACBs) are rated 4.1fa kV with a 15b MVA 
interrupting capacity and a 40,000 ampere momentary capability at 
2400 V- The ACBs are electrically operated by a 125 V dc source 
supplied from the existing Unit 1 station battery and xs 
controlled from a control switch on the maxn solar control panel.
The 2,400 V bus supplies all loads for the solar repowering 
system. One circuit feeds the unit substatxon. four circuits 
reed transformers which supply power to the helxostats.
The unit substation consists of solar auxxliary transxormer no. 2 
rated ?50 kVA, AA, 2,400-480 V, 3-phase, 60 Hz, dry type, closely 
coupled to drawout type air circuit breaker swxtchgear with both 
transformer and swxtchgear housed xn a metal enclosure in the 
solar feedwater pump house. Feeder ACBs are rated 480 V, 
225 amperes, with a 14,000 ampere interrupting capability.
The 480 7 bus is connected to the transformer secondary wxndxng 
through a manually operated ACB rated 480 V, 1,600 amperes.
Electrxcally operatea, remotely controlled circuit breakers axe 
provided for control of two 250 np solar feedwater puraps, and one 
60 hp solar recexver recirculation pump, which are ted from the 
unit substation. The feeders supplying outdoor lightxng and 
other loads, including the solar motor control center supplxed 
from thxs unit sxibstation, are provxdea witn locally controlled 
ACBs. All ACBs are provided with overcurrent protection.
The backup supply to the 480 V solar bus is provxded by the 
addxtion of a tie between the 480 V solar bus and the hewman 
Unxt 1 480 V station service bus no. 1. An electrically
operated, administratxvely controlled, 1,600 ampere ACB wxth 
overcurrent protection is installed in the existing Unxt 480 V 
switchgear for this tie. This arrangement provides a backup tor 
solar auxiliary transformer no. 2. Thxs backup txe requxres 
replacement of the present Unxt 1, 300 kvA, 2,400-480 7 station 
service transformer, with one sized 750/1,000 k7A, a a/FA.
The 480 7 solar motor control center xs ccxnprxsed ot metal clad, 
compartmented motor starters (reversing and nonreversxng), molded 
case breakers, and contactors as required to control small 
motors, motor operated valves, buxlding and tower xxghtxng, 
heating and ventilating loads, etc.
Direct current (dc) requxred for the solar repowered system 
control is supplied from Newman Unxt 1. A 125 7 feeder circuit 
is run from the existing station battery dxstrxbution panel to a 
125 7 dc distribution power panel in the solar feedwater pump 
house.
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Heliostat Power Supply
Power to the heliostat field is provided by rour i,400 V 
circuits, two feeding four pad-mounted 150 kVA, and two circuxts 
feedxng five pad-movinted 225 kVA oxl-filled, self-cooled, 2,‘*00- 
480 V, 3 phase, 60 Hz, delta connected transformers, as shown on 
One Line Diagram 1m067-l w-S1A-SR-1 . £.ach transformer, centrally 
located to approxxmately 170 heliostats, xs provided with a 
2,400 V, 200 ampere, loop feed primary switch, a high side fuse, 
and a 480 V, 3-wxre 6-circuit, 400 anpere maxn, outdoor 
distrxbution cabinet. Power for the helxostat field perxiaeter 
Ixghting is also supplxed from tne 2,400 V heliostat feeders.
The 2,400 V power is supplied by 5 kV cable xnstalled in burxed 
neavy gage plastic conduit encased in concrete to protect it from 
vehxcular traffic. Pulixng handholes are provided at necessary 
xntervals.

Lighting and Receptacles
Fluorescent lighting fxxtures, locally switched, are provided in 
the solar feedwater puirp house together with 120 V receptacles 
and a distrxbutxon cabinet to supply the lightxng and receptacle 
loads.
Fluorescent Ixghtxng fixtures are provxded xn the base of the 
solar recexver tower and enclosed, gasxeted, xncandescent 
lighting fixtures are provided in the upper levels as required. 
A distribution cabinet is provided to supply the lighting loads 
and 120 V receptacles which are located at the dxfferent levels 
through the the solar tower.
Metal halxde lighting fxxtures are provided in the heliostat 
maxntenance buxlding. A dxstribution cabxnet is provided to 
supply the lighting load and the 120 ^ receptacles in this 
building.
The roadway and heliostat field perimeter lighting consists of 
51 wood poles, 3.1 m (30 feet) high, each with a 480 V, 250 Vi 
high pressure sodium lamp, and an xndxvxdual photoelectric 
control. The poles are spaced at 76.2-m (250-foot) intervals.
The horizontax illumxnation level at ground level is an average 
of 5.4 lux (0.5 foot-candles).
Lighting power is supplied oy 2,400-480 V, 3-pi:kase transformer 
fed from the 2,400 V solar bus.
Solar tower external lightxng conforms to FAA requirements. Two 
levels ot high intensity strobe lights, with power ted from the 
distribution cabinet and a controller located in the rase of the 
tower, are provxded.
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Grounding
h no. 4/0 bare copper cable is buried around the solar teedwater 
pvimp house and the solar tower- Soiar electric equipment ctnd 
buildxng steel in each of these structures cire tied to the bxirxed 
ground cable. A mxnimum of two no. 4/0 copper cables ties the 
solar tower and solar feedwater pump house gro\inding into the 
existing station ground grid.
The transformer in the heliostat field is tied to the solar pump
house and tower grounding grids by no. 4/0 bare copper cable
buried a minimum of 0.8 m (30 inches) below grovmd surface in
proximity to the concrete encased duct line supplying power to
the transformers in the heliostat field. Ground rods are driven 
at regular intervals and bonded to this buried ground cable.
The portion of the heliostat perimeter fence which runs parallel 
to the 345-)cV and 115-icV transmission lines is attached to ground 
rods driven at b to 15-m (20- to 50-foot) intervals along the 
fence. This reduces induced voltages to a negligible value.

Lightning Protection
Depending upon final tower design, one or more air terminals are 
bonded to the steel in the tower root and upper steel structure 
which extend to a point below the reheat receiver. The air 
terminals are 1.9-cm (0.75-inch) diameter solid stainless steei
and extend 0.6 m (2 feet) above the hignest part of the roof. 
Two no. 4/0 bare copper cables, located dicunetrically opposite 
each other, are bonded to the upper tower structural steel below 
the reheat receiver and run down the outside ot the tower- The 
cables are fastened to the concrete structure by anchors located 
on approximately 1.8 m (o foot) centers and joonded to the tower
grounding system-
No side stroke protection is included. This requires a special 
study when the tower design is finalized. No lightning 
protection is planned tor the heliostat field.

Switchyard and Transmission Facility
A section ot the Alamogordo and Caliente 345 xV and the two 
115 kV transmission lines emanating from the present switchyard 
are rerouted to avoid crossing over the neiiosrat field.
5.5.3 Performance
The solar repowered Newman Unit 1 performance at various net 
electrical unit loads is specified in Table 5.5-3. The percent 
of rated main steam flow, auxiliary power, and net station hear, 
rates for the solar and fossil systems are provided in t-his 
table. Figure 5.5-3 shows solar and fossil-supported EPGS 
efficiency as a f\mction of overall unit load.
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Adding the soiar repowering system to the existing EPGS has no 
significant effect on the performance of the existing unit when 
the unit is operating solely on the fossil boiler subsystem. 
Inserting a reheat flow control valve inro the existing reaeat 
system increases slightly the reheat system presstire drop by
10.3 KPa (1.5 psi), which increases the station heat rate by
approximately 4.2 KJ/kWh (4 3tu/kWh). A study will be conducted 
during the preliminary design phase to evaluate the cost ot
increasing the size of the existing reheat piping versus 
accepting the pressure drop penalty on the station heat rate.
Table 5.5-4 describes the effect on unit output cOid net \init heat 
rate when varying the main and reheat steam temperatures and the 
reheat pressures at the inlets of the turbine generator.
The solar repowering system provides additional flexibility which 
IS normally unavailable in a fossil fueled boiler system. Hhen 
at low loads, the fossil boiler is \inaoie to maintain tiie reheat 
temperature at 538»C, the Newman Unit 1 boiler reheat temperature 
decreases to 527®C (980of) at approximately 28 percent rated
electrical output based on actual plant perfomtance. The net
station heat rate, at low unit loads, can be iiaproved by biasing 
a greater amount of the low temperature reheat steam flow to the 
solar reheat receiver which reheats the steam to 538oc. When the 
solar and fossil reheat steam flows are recombined, tne 
temerature entering the turbine is higher tnan 5z7<>C (9B0OB) . 
During the preliminary design pnase a detailed analysis will be 
conducted to determine the effect of biasing reheat flow.
5.5.4 Cost
The cost ot modifying the EPGS (Account 5800) is estimated at 
$5.64 million in 1982 collars. These costs include replacing 
the existing turbine generator mechanical hydraulic controls with 
a digital electronic hydraulic control system (DEH) ; all pxunps, 
valves, piping, and related equipment xjetween the receivers and 
the existing feedwater and steam lines at the turbine building; 
and electrical equipment.
The DEH modifications are estimated at $1,186,000 in 
1982 dollars.
Piping, valves, pumps, and related equipment are estimated at 
$3,798,000 in 1982 dollars.
Electrical equipment provided to support electrical power 
requirements is estimated to cost approximately $655,000 in 1982 
dollars.
The costs of modifications to the existing turbine-generator tor 
cycling operation are not included, as the modifications will be 
made regardless of any solar repowering of Newman Unit 1.
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TABLE 5.5-1 
OPERATING CONSTRAINTS OF EPGS

0perat.in9 const:xaint.s imposed by tLe exist^ing EPGS are as 
follows:

1. Maximum gross electric output 85.8 MWe
2. Rated main steam flow for

guaranteed output 257,000 Xg/hr (567,000 lb/hr)
3. Main steam rated temperature 538®C (1,000®F)
4. Rebeat steam rated temperature 538®C (1,000®F)
5. Main steam rated pressure 10.1 MPa (1,465 psia)
6. Rated reheat pressure drop 255 kPa (37 psx)
7. Steam temperatxure limitations 

(at turbine main stop valve):
a. Average over 12 months not to exceed 538*C (1,000®P)
b. 552®C (1,025®F) for not more tnan 400 hovtrs for 12 months
c. 566®C (1,050®F) for up to 15 mxnutes, not more than

80 hours/year
8. Steam pressxire limitations:

a. 10.1 MPa ,465 psia) at rated output
b. 10.6 MPa (1,541 psia) as txirbine approaches zero

output
c. 13.0 MPa (1,901 psia) momentarily, not exceeding 

12 hours/year
9. Load limitations

a. Rate of load change is limited by metal temperatures in 
critical areas of turbine.

b. Normal turbine load change rates are limited to about 
5 MWe/minute.

c. Faster load cheuiges will require careful monitoring of 
metal temperatures.

1 o t  1
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TABLE 5.5-2
SOLAR REPOWERED SYSTEM PIPING

Nominal 
Pipe Size 
cm <in.)

Wall 
Thickness 
cm (in.) Mat.erial

Approxima-te 
Total Length 
ot Piping

Feedwater
at Pump Inlet 20.3 (8) 1.27 (.50) c.s. 37(120)

15.2(6) 1.42(.56) c.s. 4.6 (15)
at Pump Outlet 10.2 (4) As Req*d c.s. 15(50)

15.2 (6) As Req'd c.s. 213(700)
Main Steam 30.5 (12) 3.33 (1.31) CR/MO 238 (780)
Low Temperature 
Reheat 35.6 (14) 1.50(.59) c.s. 21(70)

61.0(24) 2.46 (.97) c.s. 210 (690)
High Temperature 
Reneat 35.6 (14) 1.50(.59) CR/MO 21(70)

61.0(24) 2.46 (.97) CR/MO 229(750)
Extraction 15.2(6) 0.71 (.28) c.s. 16.7(55)
Steoim 15.2 (6) 0.71 (.28) CR/MO 16.7(55)

Heater Drains 6.4(2 1/2) 0.51 (.203) C.s. 29.0(95)

NOTES;
c.s.
CR/MO

- carbon steel
- Chromium Molybdenum

1 of 1

5.5-10



TABL£ 5.5-3
STATION HEAT RATES

O p era -tio n a l
Mode

N et G e n e ra t io n , MWe 
F o s s i l /S o la r _____

A u x i l ia r y  Power, 
MWe

N et S ta t io n  H e a t Rate  
10 3 IcJ/KWh (Btu/XWh)

u i

I

F o s s il S o la r

F O s s ll /S o la r 4 1 .0 /4 1 .0  (D esign  P t) 3 .7 8 10 .9 10 ,3 1 0 ) 9 .1 (8 6 7 1 )
F o s s l l /S o la r 2 0 .5 /4 1 .0 3 .5 1 n . o 1 0 ,4 4 0 ) 9 .3 (8 7 9 0 )
F o s s i l /S o la r 3 0 .7 5 /3 0 .7 5 3 .5 3 11 .0 1 0 ,4 5 2 ) 9 .3 (8 7 9 0 )
Foss 11 /S o  leu: 6 1 .5 /2 0 .5 3 .8 3 10 .9 1 0 ,3 0 3 ) 9 .2 (8 6 7 3 )
F O s s11 /S o la r 2 0 .5 /2 0 .5 3 .2 3 1 1 .7 11 ,0 6 5 ) 9 .8 (9 3 1 7 )
F o s s l l /S o la r 4 6 .1 /1 5 .4 3 .5 3 11 .0 1 0 ,4 5 7 ) 9 .3 (8 7 9 2 )
F o s s l l /S o la r 3 0 .7 5 /1 0 .7 5 3 .2 2 11 .7 1 1 ,075 ) 9 .8  (9312)
F o s s il o n ly 8 2 . 0 / - 3 .5 6 10 .8 1 0 ,2 5 0 ) -
F o s s il o n ly 6 1 . 5 / - 3 .2 7 1 1 .0 1 0 ,4 0 0 ) -
F o s s il  o n ly 4 1 . 0 / - 2 .9 5 11 .6 1 1 ,0 0 0 ) -
F o s s il o n ly 2 0 . 5 / - 2 .3 0 13 .7 1 3 ,0 0 0 ) -
S o la r  o n ly - / 4 1 . 0 3 .0 4 - 9 .8 (9 ,2 7 1
S o la r  o n ly - / 2 0 . 5 2 .4 2 - 1 1 .6 (1 1 ,0

NOTE;

Net s t a t io n  h e a t r a t e  I s  c a lc u la te d  based on n e t  e l e c t r i c i t y  g e n e ra te d  p er u n i t  h e a t  
in tro d u c e d  t o  th e  h o l le r / r e c e i v e r .  No com parison should  be made betw een th e  e x is t in g  cuxd th e  
s o la r  rep o w erln g  s t a t io n  h e a t r a te s  because s o la r  r e c e iv e r  e f f ic ie n c ie s  (acco u ntin g  f o r  
r e c e iv e r  r e f le c t e d  energy  and th e rm a l lo s s e s ) a re  n o t In c lu d e d  and th e  s o la r  main r e c e iv e r  
blowdown r a te s  a re  cissumed t o  be z e ro  f o r  a l l  lo a d s . C yc le  e f f ic ie n c ie s  a re  based on 
o r ig i n a l  p la n t  d e s ig n  h e a t balauices w hich assume reduced steam  te m p e ra tu re s  f o r  th e  p a r t i a l  
lo a d  c a s e s . A c tu a l h e a t r a te s  a r e  expected  t o  be lo w e r I f  steetm te m p e ra tu re s  a re  m a in ta in e d  
a t  538®C a t  p a r t i a l  lo a d s .
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TABÎ : 5.5-4
EFFECT OF STEAM TEMPERATURE AND REHEAT PRESSURE DROP VARIATION ON UNIT HEAT RATE

Main Steam  
Tem peratuxe

R eheat 
Steam  

Ten5> era tu re

R eheat 
P ressu re  

Drop

D ecrease  
In  N et 

U n it

In c re a s e  in  N et 
U n i t  H ea t R ate  

kJ/KW hr_________<Btu/)tWhr>

S o la r

Ln
t
u iIH*M

Fossxl
oc (OF) ®C («F> kPa (P s i) O utpu t (MWe) O p e ra tio n O p e ra tio n

538 (1 ,0 0 0 ) 538 (1 ,0 0 0 ) 255 (37) 0 0 0
345 (50) 0 .5 9 24 (23) 28 (27)
414 (60) 1 -03 43 (41) 52 (49)
483 (70) 1 .4 7 61 (58) 74 (70)

510 (850) 510 (950) 255 (37) 3 .4 2 142 (135) 169 (160)
345 (50) 3 .9 8 168 (159) 199 (189)
414 (60) 4 .4 1 186 (177) 223 (211)
483 (70) 4 .8 3 206 (195) 245 (232)

482 (900) 482 (900) 255 (37) 6 .8 3 296 (281) 352 (334)
345 (50) 7 .3 8 323 (306) 383 (363)
414 (60) 7 .7 9 343 (325) 406 (385)
483 (70) 8 .2 0 363 (344) 430 (408)

NOTE;

A l l  o th e r  o p e ra tin g  c o n d it io n s  c o n s is te n t  w ith  l u l l  lo a d  o p e r a t io n  shown cm h e a t haleince 
f o r  83 MN in  S e c tio n  5 .1 .
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5.6 MASTER CONTROL SUBSYSTEM (MGS)
This section discusses general design requirements of the control 
system for solar rep)Owered Newman Unit 1, and aescribes the 
process control system, operator/plant interface, collector 
controls, receiver controls, rossil hoiler controls, and plant 
control room moditications.
5.6.1 General Functional Requirements
The Newman Unit 1 control system and existing power plant 
equipment shall be modified to provide for daily cycling ot the 
unit and to utilize fossil and solar energy for generation ot 
electrical power. The MCS shall control the solar stecim supply 
system and the existing unit equipment in a safe and reliable 
condition under all modes ot operation.
The m CS shall permit the operator to select one of three unit 
operating modes: fossil, solar, or comnined solar/fossil.
The MCS shall operate the unit uxider all conaitions incividing 
startup, shutdown, transient, steady state, and emergency 
operation.
5.b.l.1 Design Criteria
In order to satisfy the general design requirements, the MCS 
shall meet the following design criteria:

high Availability
High component/circuit reliability employing the latest 
solid-state technology and conservative designs.
Major control systems and components shall have lull 
redundant oackup.
Modular architecture to enhance fault detection and 
maintenance.
Self-diagnostic capability wherever possible.

Redundancy
The MCS will include full system red\mdancy where 
feasible. A tailure of one central processing unit 
(CPU) will not cause a reduction in control, monitoring, 
display, or other required unit control function.
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Comprehensive Operator/Plant Intertace
Cathode ray tube (CRT) displays are provxded tor the 
following:

Process monitoring 
Trouble identification 
Operator guidance 
Interactive communications 
Status information 
Historical review
Main control board with conventional analog 
displays, control stations, alarms, etc, 
provide the operator with a familiar 
operation/process intertace.

Flexibility
All control logic functions and control algorithms are 
implemented in coiaprenensive direct digital control 
(DDC) software. The system is programaed in a 
simplified basic language which allows changes to be 
made simply anu quickly.

System Modifications
Existing control systems will be modified or replaced 
only where necessary. The following criteria will be 
used:
• Direct interface with MCS.
• Significant enhancement of the repowered vmit*s

aoility to meet the design requirements.
• Ability of the equipment to functicm properly tor

the required 30-year lifetime.
In general, the instrumentation that will oe replaced meets two
or more of the above criteria.
5.6.1.2 Design Philosophy
Solar repowerlng Newman Unit 1 presents complex and unique 
control problems which require a flexible control system with 
extensive control capabilities that can be easily reconfigured.
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To accomplish this the controls for the major unrr. systems and 
overall unit control are incorporated in a centralized, mini
computer-based MCS; the heart of which is the process computer 
system (PCS). The PCS employs redundant CPUs with a proven 
history in the power industry.
A centralized MCS has the following advantages:

Provides full system redundancy. A failure of one CPI) will 
not cause a reduction in control, monitoring, display, or any 
other required unit control function.
Reduces the numner ot interfaces with other control systems, 
thus siinplitying plant design, operation, maintenance, and 
personnel training.
iinhances system response by reducing coranunication problems. 
Provides fiexioility for control system design.
Is easy to reconfigure.
Tne backup CPU is a powerful tool and can be used to run 
additional performance evaluations, programs, perform program 
debugging tasks, or other program/processing functions.
Provides a comprehensive operator/process interface:

CRT displays for the following:
Processing monitoring 
Trouble identification 
Operator guidance 
Interactive communications 
Status information 
Historical review

Interfaces with conventional analog displays, control 
stations, alarms, etc, providing the operator with a 
familiar operator/process intertace.

5.6.2 Process Computer System (PCS)
The purpose of tne PCS is to integrate, supervise, and coordinate 
the operation of all major systems and subsystems of solar 
repowered Newman Unit 1, including:

Collector Subsystem 
Beam Cnaracterization System 
Receiver Subsystem 
Fossil Boiler Subsystem 
BP(aS Turbine-Generator 
Balance of Plant
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The PCS consists ot two central processor units (CPUs). One CPU 
is used for primary unit control^ monitoring and display
functions while the other CPU provides backup. The backup CPU 
has complete software and active data base so that it can quickly 
take over unit control whenever the primary CPU is not 
operational.
5.6.2.1 Process Computer System Capabilities
The PCS shall have the capability to perform the following:

Direct digital control
Data acquisition, storage, analysis, and retrieval 
Comprehensive equipment ana tmrt performance calculations 
Displays, monxtor, and alarm
Trend logs, trip logs, and operations [journals 
Contact sequential events recording and logging 
Analog trending of points using trend pen recorders

5.6.2.2 Process Computer System Hardware
The PCS hardware configuration is shown schematically in 
Figure 5.6— 1. This configuration is typical ot ccmimercially 
available computer and support hardware used in numerous power 
plant applications.
The components of the PCS are as follows:

Two central processor units (256 K, 32-bxt word, core 
memory).
One operator's console, wxth color graphic CRT and control 
functions keyboard.
One engineer's/progrcutimer *3 console, with color graphic CRT 
and control functions keyboard.
A programmer's terminal wxth keyboard.
Three medium speed printers associated wxth above consoles 
cuid terminals.
One alarm printer, one-line printer, and a general purpose 
printer.
Computer-drxven trend strip chart recorders.
Three color graphic CRTs mountea on the main control board 
for alarm, D£d control, graphic display, etc. Information 
displayed on any CRT is operator selecteUQle.
Magtape unit for programming.
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Two drum/disc units for bulk storage.
Analog and digital I/O multiplex cabinet witb all required 
hardware to read, condition, amplify, compensate and digitize 
process signals (such as flows, temperatures, pressure levels 
and contact closures supplies included).
Relay and logic cabinet to interface the PCS witn the final 
control elements
Interface cabinets

5.6.2.3 Process Computer System Software
The PCS includes a process software package that nas been used in 
many power plant applications. This software includes tlie 
following:

Operating system
Proaramming support/languages, i.e.. Foreran, etc
Data base management
Data acquisition and validation
Real time variable calculations
Data analysis and alarming
Operator/engineer communicat-ions
Color graphic display
Unit operations displays/records

In addition to tne aoove, the PCS includes a comprehensive direct 
digital control (DDC) software system. The DDC system performs
conventional analog control algoritiims as well as tne more
complex application programs necessary tor supervisory control
and plant integration. The system also performs sequential
control for bxirner management on the fossil boiler and other
applications previously accomplished using relay logic.
A considerable amount of the application software includes
untried control algorithms and will be developmental. The
production and checkout of this software will have an important 
impact on the schedule for engineering and construction for the
repowering project.
5.6.3 Operator/Unit Interface
5.6.3.1 Control Levels
The unit can be operated at no less than three levels ot control 
with the operator*s responsibilities varying with each level.

Automatic
At the automatic level tlie PCS is providing overall unit 
control and subsystem integration and coordination. The PCS
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optimizes operation by evaluating many environmental, unit, 
system, and component variables, characteristics, and 
responses. The operator simply monitors the perforKumce and 
status of the xanit, systems, and components.
Seffii-Automatic
At this level the PCS automatically controls each subsystem 
with tne operator providing the supervisory control and 
suosystem integration/coordination function. The operator 
accomplishes this by adjusting tne setpoints on the subsystem 
master control stations or initiates control logic sequences 
associated with the individual subsystems.
Manual
In the unlikely event that both CPUs fail or during 
startup/shutdown, the operator can operate the unit manually 
by airectly positioning final control elements.

For critical variables, the operator is provided with hard-wired 
indicators and annunciators (bypasses the PCS) to assist with 
unit shutdown.
Tne portion ot the eiaergenc> trip and interlock system necessary 
for operating safely employs solid-state logic and functions 
automatically at all levels of control.
5.6.3.2 Main Control Board
The solar repowered Newman Unit 1 is designed for the operator to 
control and monitor the unit from the main control board (MCB).
The MCB is a free-standing board with a bench section that 
incorporates conventional control devices, i.e., switches, 
control stations, indicators, recorders and aiuiunciators, in 
addition to color graphic CRTs, keyboards, and operator*s 
communication console. The r4CB design is illustrated in 
Figure 5.6-2.
5.6.3.3 Operator/Engineer Ccxnmunication
Operators and engineers communicate with ohe system through two 
I/O CRT communication consoles, illustrated in Figure 5.6-1. The 
operators* console is mounted in the main control board and the 
engineers* console is in the results room. Operators and 
engineers will have the capability of using their CRT consoles 
to:

Request inforraation from the systein.
Enter information into the system.
Initiate or cancel system services.
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The syst.em provides for identical and complete capahility on the 
two I/O CRT communication consoles. However, each console also 
has a keylocK switch for locking out a subset of the console 
functions without affecting the other console. It is possible to 
designate any console function as lockable and to change these 
designations in the field.
The engineers* I/O CRT communication console serves as a backup 
to the operators* 1/0 CRT communication console.
The I/O CRT communication capability provided performs the 
following:

Displays any analog input.
Capacity to change the value or state of any pararaeter. 
Displays a calculated real variable.
Displays a contact input or calculated logicax variable. 
Controls group CRT displays.
Controls trend logs.
Controls trend pens.
Capability to restart the control system (boot system in from 
bulk memory).
Start-stop programs.
Controls output device status and function.
Displays or prints DDC loop status.
Displays or prints various summaries.
Monitors or changes the control system*s tuning parameters or 
control logic.
Interfaces with the collector control system and the beam
characterization system.

5.6.3.4 CRT Displays
There are tour l^i-inch, graphic CRT displays on the main control 
board (MCB). One CRT is dedicated to the turbine digital 
electro-hydraulics (DEH) control system and the three reniaining
are associated with the MCS.
The three MCS CRTs have the following general functions:
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One CRT is an I/O CRT dedicatied to the operator's
cx>inm\mication console and is used to pertorm the function 
described in Section 5.6.3.3.
Alarm CRT - In addition to all alarms being logged on a 
printer, an output CRT is dedicated to displaying alarms.
Trend/Graphic - One of the output CRTs may serve as a 
trend/graphic CRT. Its functions would be to display the 
values of the operator-selected analog, logical, and 
calculated variables to display a trend of any group in the 
system, or to display system flow diagrams or other graphic 
displays.
The CRTs are dedicated to specific functions. However, for 
the purposes of backup and operating flexibility, the 
functions of the CRTs are assignable and interchangeable.

5.6.3.5 Graphic Display Capability
Graphic display capability to present flow diagrams, etc to the 
operator/engineer is provided incluoing dynamic updating of 
analog input values and the capability of making a hard copy ot a 
graphic display on the line printer. A software package is 
provided tor generating CRT graphics on the off-line, backup 
computer.
5.6.4 Collector Controls
Tnis section describes a typical collector subsystem control 
design which may change pending selection of a speciric heliostat 
manufacturer. The collector controls are composed of the 
following major components:

Heliostat Controllers (HC)
Heliostat Field Controllers (HFC)
One Heliostat Array Controller (HAC)

The design for tne collector field controls is based on reliable 
and currently available hardware through a three-level 
distributed computer system network. The heliostat controls use 
an open-loop sun-tracKing concept with an accurate 15-bit 
encoding resolution ot elevation and azimutn positions. Position 
command is closed loop, calculated by the microprocessor that 
directs the motors to keep the position error at zero based on 
encoder feedback.
A block diagram in Figure 5,6-1 depicts the collector control 
configuration.
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5.6.4.1 Heliostat Controller (HC)
Each heliostat has one 16-hit microprocessor that rs the heart of 
the heliostat controller (HC). The microprocessor is a single 
chip device with programmable or erasable and programmcdole read 
only memory (PROM or EPROM) as well as reindom access memory 
(RAM) . Additional components ot the HC include the commvinication 
programmable control chips and various interface/line driver 
elements. The HC receives azimuth and elevation angles from the 
heliostat position encoders and then delivers appropriate signals 
to the azimuth and elevation drive motors for the required 
pointing angles. Heliostat control commands and sun vectors are 
received from the respective heliostat field controller (HFC). 
Tne HC delivers requested data to the HFC upon command.
5.6.4.2 Heliostat Field Controller
Each of the four HFCs handles a field ot 2d or HCs by means 
of a single serial communication line composed of twisted shield 
pair operating at S»,600 bauds. All HCs are ••multidropped" from 
the same line that can be as long as 3,050 m (10,000 feet) 
without requiring communication modems.
The heliostat field has been divided into four sectors to handle 
tne required number of 2,958 heliostats.
Eacn sector contains up to 750 neliostats which are controlled 
by 26 HFCs.
Each HFC, in turn, is *^ultidropped'» from a single twisted pair 
operating at 9,600 bauds that linKs it with the respective 
interface unit at the heliostat array controller (HAC).
The HFC computer hardware is similar to the HC hardware. The 
only differences are a larger random access memory (RAM) and the 
existence of a bubble (non-volatile) memory unit at the HFC. The 
bubble memory has a minimum 48,000 byte size while the RAM array 
is capable of storing a minimim of 3/,000 bytes. Two serial 
communication I/O ports enable command linxages to all HCs and 
tiie HAC interface unit, respectively. Each HFC unit is housed on 
a chassis having approximate dimensions of 12 by 8 by 5 inches.
5.6.4.3 Heliostat Array Controllers
There are two HACs: one for normal operation and the other
multiprocessor coupled tor 100-percent backup capability for the 
entire array. The HAC is a minicomputer system with disc vinit, 
25b,000 byte resident memory, CRT displays, line printer, real 
time hardware, and one communication interface with each sector- 
Eacn interface commxinicates serially with a respective sector. 
Communications within each sector occur simultaneously for all 
sectors. In order to further increase the flexibility ot tJie 
collector array, the control system is designed to operate
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without the HAC with respect to the main moctes ot operation. 
Each of the tour HAC is needed only to coordinate certain 
maintenance and alignment operations (it directs, tor example, a 
given heliostat to track its oeam onto the calioration target) 
and to update or modify the normal control sequence for any 
sector, field, or single heliostat as desxred by the operator. 
Since tne HAC fully interfaces with the process computer system 
(PCS), the above functions can, at the request of tne operator 
(or automatically), be initiated at the HAC or be relayed to and 
frcan the PCS. The beam cneiracterization system (BCS) has its own 
intertace at the HAC to provide the necessary heliostat data and 
control for beam quality and accuracy measurements.
5.6.4.4 Beam Characterization System (BCS)
The BCS as shown in Figxore 5.6-1 consists of a BCs computer, two 
TV cameras located in the collector array, and two calibration 
targets positioned below the reheat receiver. Purpose of the 
system is to permit automatic real time evaluation of quality of 
the beam and pointing accuracy provided by any heliostat. The 
Whole operation is under software control and requires no 
operator intervention. At any one time, two heliostats, one from 
each half of tlie array, are directed to deflect their beams from 
the receiver to their respective calibration target. Beam size, 
snape, centroid, flux distribution, and power are then measured 
for each heliostat. This is a passive process made possible by 
use of video cameras aimed at the calibration targets. Their 
output is digitized, calibrated, and processed. Software modules 
detect any abnormality and provide the c^erator or maintenance 
personnel, through the intertace with the PCS, with data 
necessary to pertorm any eventual heliostat beam adjustment. 
Such operation will have to be performed at the heliostat by 
correcting, as necessary, canting of mirror facets. Pointing 
inrormation is delivered to the HAC for automatic realignment.
Each camera, permanently installed in tne field, is remotely 
controlled. Temperature stabilizer, environmental enclosure, and 
camera filters are part of the field installation.
Calibration targets, each approximately 9.1 by 9.1 m (30 by 
30 feet), have a Lambertian high temperature surface paint and 
remotely controlled pyrheliometers for absolute flux 
measurements. The output of the sensors is transmitted to the 
BCS computer. Camera output is also transiriitted to tfxe BCS 
computer where a video switch selects each caiaera in turn. 
Central processing units, CkT displays. Keyboards, printers, 
video digitizers, and data recorders are utilized to extract 
needed data. Meteorological data and solar irradiance data are 
also delivered to the BCS computer to close the loop on 
evaluation of heliostat beam characteristics.
The BCS computer and the HAC work in direct communication, urider 
PCS supervision, in selection of the heliostats to be aligned and
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calibrated. Once a heliostat is selected, the BCS gives the 
instructions to the HAC to direct the heliostat beam from the 
receiver to the standby position and then to the caiibracion 
target to perform the measurements. The operator can intervene 
at any time to modify or take active part in the operation. The 
BCS is capable, however, of operating on its own, without the 
connection to the PCS, in its basic interactions with the 
collector system through the HAC. Total failure of the HliC or 
the BCS computer interrupts the beam characterization process. 
Since BCS failure does not immediately affect tne actual 
performance of tne repowering units (tne heliostats are capable 
of functioning without the BCS), no redundant BCS system is 
required. The unit operator is simply notified so tnat he can 
take necessary action to restore normal conditions.
5.6-4.5 Collector Control Operation
All detailed control algorithms for operation of the heliostats 
during the various modes are stored in the bubble memory of tne 
HFt. Execution of tnese algorithms is controlled by loading tnera 
from the bubble memory into the PAM section. It is possible to 
modify or update the routines from the HAC by downloading new 
routines through the same communication network utilized tor 
control ot the array. Status ot each heliostat or set of 
heliostats is available at all times at the request ot the HAC 
operator. The HC has the necessary software, stored in the 
programmable read only memory (PROM) of the microprocessor chip, 
to execute any command.
Heliostat control arrangement is designed to achieve intended 
performance at all levels with very little humetn intervention. 
All modes of operation, including startup, normal tracking, 
synthetic tracking, maintenance shutdown, emergency operation, 
and contingency operation, can be selected by a single operator 
by controlling the execution of appropriate instructions or set 
of routines, which are permanently stored in tlie coioputer 
software. Although operation routines are permanently stored, 
they can be modified or updated at any time using the standard 
computer system software without affecting the hardware.
Provisions are included, however, to enable manual intervention
in any function by the operator.
One of tne principal concerns associated with design of the 
operations control strategy is to minimize the impact of 
malfunctions, occurring at any level, on the pertormaiAce oi 
components not directly affected by the itialfunction. Abnormal 
conditions are relayed through the communication network to the
MCS.
Alignment will take place on a continuous basis under the control 
of the HAC utilizing calibration targets located below the reheat 
receiver. The PCS and the DCS take part in this operation
through their respective interfaces with the HAC.

5.6-11



Alignment data and control commands for heliostats undergoing 
alignment are exchanged with the BCS while the entire procedure 
occurs under the PCS supervxsion. One heliostat from each half 
of the field is comraandea in sequence to reflect the sun*s image 
onto the assigned calibration rarget. Heliostat beam pointing 
aata from the BCS are transmitted through the HAC to the HFCs 
serving the applicable heliostats. At the saiae time the HAC 
selects the field ot heliostats (served by one HFC) tfiat must 
undergo alignment. The HFC then produces necessary commands to 
verify correct aiming at the calibration target and to make 
necessary adjustments for each heliostat under its control. Any 
biases necessary to maJce the calibration signal satisfy the 
alignment requirements are stored in the bubole mentory on the HFC 
and are used in subsequent operation to correct the heliostat 
pointing. The HFC notifies the HAC tiiat alignment of its set of 
heliostats has been completed so that the HAC can switch to the 
next set of heliostats. The entire procedure is under software 
control with provisions tor manual operator inteivention.
5.6.5 Receiver Control
5.6.5.1 General
The purpose of the receiver controls during normal operation are 
to maintain superheat and reheat steam temperature within 
specified limits, and to maintain drum level through the 
teedwater control.
The receiver controls are composed of five main inuependent 
controls:

Superheat steam temperat\ire control
Panel bias valve control
Reheat steam temperature control
Feedwater control
Economizer recirculation control

Receiver control is implemented in the PCS. Process measurexients 
are transmitted to the PCS for processing according to the 
control algoritiims progranaaed into the PCS. The output from the 
control algorithms forms the analog demand signal which is 
transmitted to the final control element (valve, dairiper drive, 
etc.) to complete the control loop.
5.b.5.2 Process Overview
Figure 5.6-3 shows a simplified flow diagram ot the solar 
receiver indicating the locations of control valves and 
ineasvirements. Feedwater flow to the receiver is provided by two 
50 percent capacity solar teedwater pumps. Feedwater flow is 
controlled by a single flow control valve. One 100 percent 
capacity recirculating pump is provided. The superheater is 
divided into two parallel flow paths, east and west. Two stages
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o£ wat:er a-ttemperat.ion are \ised ro control superneater steam 
temperature of each path. In addition, each ot the superheater 
panels has an xnlet hxas valve to restrxct flow to a cold panel 
and increase flow to a hot panel. The reheater has two separate 
flow paths (east and west) with a single stage of water 
attemperation in each path to control reheater outlet 
temperature. Each reheater flow path has a butterfly control 
valve to bias the flow when the xncideut power is significantly 
dxfterent in the two paths due to diurnal affects or cloud 
pattern. Excessive reheat temperature requires a defocusing of 
the mirrors from the reheat panels.
5.6.5.3 Solar Recexver Superheat Steam Temperature Control
The secondary superheater outlet temperature or each flow path xs 
inaependently controlled by two stages of attemperatxon. (See 
Figures 5.6-3 and 5.6-U.)
One attemperator xs located between the primary and xntermedxate 
superheater section and the other attemperator between the 
intermediate and secondary superheater sections.
The secondary superheater outlet temperature for each flow path 
is corapareo to an operator-selected setpoxnt and the resulting 
error signal, in conjunction with a feed-forward function from 
the steam flow, generates the attemperatxng water deioand signal.
A maximum attemperator flow Ixnat signal is developed, based on 
the steam flow through tne flow path and the primary superheater 
outlet temperature, to prevent the first stage ot attemperation 
troia overspraying such that tne outlet steam contains moisture. 
This limit signal is based on preventing the attemperator ouclet 
temperature from dropping below preset limits.
Initially, the total attemperation flow is through tne first 
stage attemperator. When this stage is at its maxiiaum, 
additional attemperation xs done with the second stage 
attemperator. A degree of overlap in the operation ot the two 
attemperators is necessary to provide positive control when 
transferring between one and two stages of attem£>eration. During 
transients, both attemperators may move xn parallel to minimize 
the temperature swing.
The demand for each attemperator xs compared to its measured flow 
to develop the demand for each attemperator flow control valve. 
A olocjc valve associated with each attenperator control valve xs 
interlocked to close whenever its control valve xs demanded to 
close.
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5.6.5.4 Panel Bias Valve Control
Kacn of tne 12 superheater panels has a bias valve at its inlet 
controlled by deadband proportioned control as shoan on Figure 
5.b“5. Panel bias valve control logic is shown in Figure 5.6-5. 
These valves under normal, steady-state condxtions are throttled 
to approximately 70 percent open. If, dtiring a transient, the 
outlet temperature of any panel deviates from the average of the 
four panels by the amount establxshed by the deaaisand, the valve 
xs reposxtioned to divert flow away from a cold panel or increase 
ilo-w iii a hot panel. If the demand tor panel ioias opening 
exceeds a predetermined amount, a signal xs generated for 
directing some helxostat groups away from the hot flow path.
The two-stage superheat temperature control system ctnd the panel 
bias control system provide stable ai*d responsive control oi 
superheat steam temperature over a wide load range and durxng 
system transients.
5.6.5.5 Solar Reheater Steam Temperature Control
The reheat outlet steam temperature of each of the two flow paths 
xs controlled hy a single stage attemperator at tlie inlet in 
combinatxon with a flow biasxng butterfly control valve. In 
addition, heliostat defocusing is used when the attemperation or 
flow bias xs out ot the control rejnge (see Figure 5.6-3) . 
Keheater outlet temperature of eacn flow path is compared witn 
the setpoint and the resulting error is used to develop a demand 
tor reheater attemperator flow. The flow control valves are 70 
percent open at steady state conditions and are biased when tlie 
spray quantity ratxo falls outside a 3 to 1 range.
The solar reheat recexver is designed with excess surface and 
wxth as high a reheat temperature spray flow as the exxsting 
turbine can handle. The turbine can accommodate 8 to 9 percent 
reheat spray at maximum design reheat steam flow. Thxs is done 
to provxde reheat temperature control over as wxde a load range 
as possible.
When the reheat attemperator reaches its upper flow limit and the 
flow control valves are at their extreme posxtions, a sufficxent 
number of heliostats are refocused from the reheater and onto the 
main recexver to reestablxsn the attemperator within xts control 
range.
5.6.5.6 Solar Feedwater Control
The feedwater flow required to maintain proper drum level is 
controlled using a three-element feedwater control system (see 
Figure 5.6-7).
Measured main steam rlow less attemperator flow sxgnal xs used to 
establxsh teedwater flow demand. The measured drum level xs
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compared to a setpoint in the proportional plus rntegral 
controller which is used to correct the feedwater flow demand. 
The corrected demand signal is contpared to measured flow and 
applied to a proportional plus integral controller to position 
the feedwater control valve.
During startup and shutdown when there is little or no steam flow 
from the receiver, a single element feedwater flow control hased 
on only drum level is used. Also, a high-level dump valve on the 
drum is used to assist in controlling drum level swell during
startup. If drum level exceeds a hign-level setpoint, a 
proportional controller is used to position the dump valve to 
limit the drum level rise.
b.o.5.7 Economizer Recirculation Valve Control
The economizer recirculation valve is automatically closed when 
feedwater is flowing to the receiver or when no recirculating
pump is in service. The valve is automatically opeiied when no
teedwater is flowing in the associated path amd a recirculating
pump IS in service in tnat flow path. Feedwater flowing requires 
that a teed pump be mnniiig.
5.6.6 Fossil Boiler Control
Fossil hoiler subsystem includes the existing fossil-fueled 
boiler and associated ooiler controls as described in 
Section 5.2.
The fossil boiler subsystem will be modified with state-of-art 
control components to improve the reliability and availability of 
the subsystean. Modifications affect the combustion control, 
feedwater control, steam temperature control, and burner control.
5.6.6.1 Combustion Control
The existing Bailey Meter Company pneumatic combustion control is 
worxing satisfactorily at this time; however, it has been decided 
to replace it for tne following reasons:

The existing controls will be 27 years old and are not 
expected to function properly tor many ot the additional 
30 years for which the repowered unit will be designed. 
Bailey Meter Company is no longer manufacturing this line ot 
instrumentation nor the spare parts to keep it operating.
The combustion controls have a major control cuid monitoring 
interface with rhe PCS.
In order to limit effects of solar transients on the turbine- 
generator, the fossil unit dynamic response must be as fast 
as possible within design limitations of the existing unit.
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The new comnus'C.ion controls employ new electronic components and 
state-of-the-art control concepts.
New combustion control logic xncludes cross-limiting or tue1/air, 
teed-iorward, and other techniques that will provide improved 
dynamics response, stability, and satety (see Figure 5.6-B). 
This logic is implemented in PCS software. This ag^roach greatly 
Simplifies the interface, improves response, and provides added 
control and monitoring capability.
The basic combustion control consists ot three-elements: 1) fuel 
flow, 2) steam pressure, and 3) air flow. Final control elements 
for this unit are the gas valve which controls the fuel and the 
forced draft fan damper which controls the air. All final 
control elements will be retained it they are working properly.
5.6.6.2 Feedwater Control
The present Bailey Meter feedwater pneumatic control eiaploys a 
three-element teedwater control concept to maintain proper drum 
level. (See Figure 5.6-9.)
Like the combustion control system, feedwater controls 
instrumentation will be replaced by electronic eqiiiipment, but 
will retain tne three-element control concept. Control logic is 
implemented in the PCS.
Final control is through two pneumatic control valves, tach 
receives an electronic Signal which is converted to a pneumatic 
signal through a current-to-pneumatic converter (I/P).
5.0.0.3 Steam Temperature Control
The present three-element Bailey Meter pneumatic superneat and 
two-element reheat steam temperature control components will be 
replaced ny an electronic system. Although the control concept 
will be retained, control logic is implemented in the PCS. (See 
Figure 5.6-10.)
better superheat steam temperature at low load is obtained by 
interlocking the superheat control with the new burner control 
and bringing in new rows ot burners when attemperation has 
reached its low limit.
Keneat steam temperature can also ne maintained at low loads by 
diverting a portion of the fossil boiler reheat steam to the 
solar reheat receiver.
5.6.6.U Balance of Plant (BOP)
The following comprise the BOP equipment:

Generator
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Instrtunent. Air/Service Air Compressor
Heater Drains
Deaerator Level
Condenser Hotwell
Condensate Piunps
Makeup and Treating Water System 
Cnemical Treatment System 
Turbine Auxiliaries 
Fire Protection 
Service Water System

All the aoove systems are interfaced with and monitored by the 
PCS. Information from components of the BOP communicate with the 
PCS through its I/O system.
In general, the piesent BOP controls are retained; nowever, new 
control switches, pushbuttons, control stations, indicators, 
recorders, and lights are provided on the new m a m  control board.
5.6.7 Plant Control Room Modifications
5.6.7.1 General
An evaluation was performed to establish the impact of solar 
repowering on tne existing controls and facility. The new 
control room design is illustrated in Figure 5.6-11. The 
resulting room is the primary area tor personnel to peirform such 
functions as progranxming, calculations, heat balances, debugging, 
tuning, and system reconfiguration. This room houses the 
engineer/progranuaer *s console, a programmer's terminal, two 
meaitim speed printers, one line printer, and magnetic tape unit. 
In addition, discs, printers, and CRTs associated with the BCS 
and HAC are located in this room.
Referrmg to Figure 5.6-11, adjacent to the results room is the 
computer room which houses the CPU for the PCS, the DKH, the HAC, 
and BCS, together with all peripheral and support cabinets. This 
room is segregated from the relay room (also in this figure) to 
avoid noise pickup originating frcxn relay or other 
electromagnetic equipment.
Provisions are made to add suitable HVAC equipment, located on 
the results center level (above the existing control room), to 
supply the proper environment for personnel comfort and operation 
of the computer and other electronic equipment.
Evaluation has led to modification, addition, and/or change in 
the following major areas;

Control Room 
Results Center 
Control Board 
Boiler Controls
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Turbine Controls 
Burner Controls 
Instrumentation

5.6.7.2 Control Room
Exxsting control room is presently shared by Newman Units 1, 2, 
and 3. Due to additional controls associated with the solar 
unit, space allocated for Newman Unit 1 is not sufficient to 
bouse the new control board, master control subsystem, and 
associated cabinets and peripherals. Therefore, the existing 
control room area will be expanded by moving the north wall 2.3 m 
(7.5 feet) to house the new control board, an alarm printer, and 
utility printer. The new control room will also include a 
battery room for bacJcup power.
5.6.7.3 Results Center
In addition to expansion or the existing control room, another 
floor level will be required to house all tlie 1/0 cabinets, 
computer equipment, etc associated with the rtCS. The new floor 
level will be located above the existing control room and is 
called the results center.
The results center is composed of three major areas:

Relay Room 
Results Room 
Computer Room

The relay room is used to house the multiplexing, interface, and
relay logic cabinets. In this area, a properly designed air
conditioning system is part of the HVAC equipment. The system
features chemical and particulate filters to remove airborne 
particles and corrosive or hazardous gases.
The HVAC equipment maintains the results center under a slight 
positive pressure to keep dust or gases frcnn entering the
building when the doors are opened.
Other features of the results center are a conference room, a 
maintenance and spare parts storage room, and facility rooms.
Dimmer switches are provided to reduce illumiiiation levels of the 
individual areas.
Fire protection equipment with automatic extinguishers using 
jdalon 1301 or 1211 gas are provided.
5.6.7.4 Control Board
A study of the present control board of Newuictn Unit 1 showed that 
It will not be possible to retain the present operating board.
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Considering the reworJc necessary to remove ail existing pneijmatic 
lines, wires, instrriroents, and controls associated with the 
control board and to implement the iiew electronic controls tor 
the tossil/solar hybrid unit it will be more cost-eftective to 
provide a new control board.
The new control board will be shop-tabricated and 
prewired/preassembled to the greatest possible degree. Control 
signals from the PCC, the DEH, boiler controls, and BOP to the 
control board will be through prefabricated multi-conductor 
cables.
The proposed control board design is sbown in Figure 5.b-2. The 
computer/conrxol board interface is illustrated in Figure 5.b-12.
5.b.7.5 Fossil Boiler Controls
As part of the repowering program, all pneumatic instrumentation 
presently used in the combustion control, steam temperature 
control, and feedwater control shall be replaced with solid-state 
electronics. The benefits of this change are:

Improved transient response 
Simplied PCS interface 
Improved reliability 
Reduced maintenance

Analog signals originating trora the new electronic instruments 
are ted to the PCS where all the necessary control functions are 
provided in software for each of the following:

Combustion controls (Figure 5.b-8)
Burner controls
Steam temperature controls (Figures 5.6-4 and 5.6—10) 
Feedwater controls (Figures 5.6-7 and 5.6-^)

The combustion control philosophy follows present state-of-the- 
art approach, e.g., cross-limiting with a feed-forward load 
indicator and using steam pressure as the master. The system 
interfaces with the turbine to establish the required signals to 
operate the unit in a boiler-iollow or a turbine-follow mode. 
Steam temperature controls (superheat and reheat) and feedwater 
controls also follow the present state-of-the-art approach.
All final control elements such as valves and unit drives are 
retained provided they are worxing properly. Analog signals from 
the MCS to final controlled elements are through I/P converters.
S.6.7.6 Turbine Control
The present Newman Unit 1 Allis-Chalmers turbine requires some 
engineering redesign of the existing mechanical-hydraulic system 
to allow the turbine to operate in a turbine-follow mode. In
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addition, a digital electro-hydraulics (DEH) control system will 
be implemented.
Due to expected cyclic operation ot the fossil/solar hybrid unit. 
It IS important to avoid excessive thermal stresses during rapid 
transients and, at the same time, reduce startup times under all 
operating conditions. The implementation of a DEH control system 
greatly facilitates operator interface and minimizes the margin 
tor error.
Some of the important benefits of implementing a DEH are;

Automatic turnine startup (ATS) frcxn turning gear to 
synchronous speed.
Measures shaft eccentricity, vibration, and metal 
temperatures.
calculates rotor stresses and adjusts turbine speed 
accoraingly. Self-diagnostic featvires to evaluate the 
validity of control information
Executes load runbacJc based on command from the control 
system.

The ATS normally has two operating modes:
Automatic
Supervisory

In the Automatic mode, an ATS program adjusts turbine speed and 
acceleration to the digital reference.
In the Supervisory mode, guide messages inform the operator to 
adjust turbine speed and acceleration manually.
The turbine DEH system is composed of a dedicated digital 
computer in the computer room which receives analog and digital 
intorittation from turbine sensors and transmits control signals to 
the electrohydraulic system that controls the turbine throttle 
valves.
The DEH is interfaced with the process computer system through a 
data linx. The PCS coordinates turbine operation to match load 
requirements of solar repcwered Newman Unit 1 under the fossil 
only, fossil/solar, and solar only modes.
Communication between the operator and the DEH system is through 
a dedicated console with its corresponding keyboard and dedicated 
CRT tor color graphic display and program status.
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5.6.7.7 Burner Control
*rne present Fomey Sngineerrng Coiripany burner controls are 
working properly. However, they require a great deal ot manual 
operation.
The burner control system is old and would require extensive work 
to oe upgraded sufticiently to provide the response necessary to 
meet the repowered unit requirements. Theretore, it will be 
necessary to provide a new bturner control system.
The new burner control system will respond faster to unit 
transients, will increase fuel safety, and will operate 
automatically from the main control board under ail operating 
conditions.
The new burner control system consists of a panel insert on the 
new main control board with pushbuttons and switches to provide 
the operator interface and comply witn the latest OSHA auid NFPA- 
85B requirements.
The control logic and interlocks for burner operation, purge, 
prelight, fuel safety, etc are implemented in the PCS software. 
In addition, sufficient hard-wired solid state logic is provided 
so the operator can safely shut down the fossil ooiler in the 
unlikely event that both PCS CPUs fail. Also, remote local 
controls are providea to control individual burners whenever they 
are required.
5.6.7.8 Instrumentation
New electronic process measurement transmitters are used to 
replace the existing pneumatic bailey Meter instruments and to 
add new process measurements required by the new solar receiver 
and fossil plant.
These new transmitters are field racK mounted where feasible and 
measure the different parameters associated with the fossil/solar 
repowering unit as part ot the PCS. The major parameters 
measured by the new instruments are:

Pressure and Differential Pressure
Temperatxire
Flow
Level

The new transiaitters are of a simplified and compact design with 
external span and zero adjustment, with modular construction and 
plug-in circuit boards to aid troubleshooting and reduce parts 
inventory.
Solid-state strip chart records driven by tfie computer are 
mounted on the main control board to record and trend any
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abnormal condition encountered during load excvirsions, 
transients, and system failures.
Also, new vertical indicators, ammeter and voltmeter control 
switches, and pushbuttons of a compact design are mounted on the 
main control board.
In addition, new orifices, flow nozzles, thermocouples, control 
valves, recorders, local presstire gages, pressure, temperature, 
flow switches, etc are provided where necessary to support the 
PCS data acquisition and control requirements of the solar 
repowered unit.
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5.7 SITE PREPAKAITON
The Newman site is nearly flat with a downward slope of 
approKimateiy 2 degrees trcxn west to east. The solar collector 
field is graded with access to the heiiostats tor inspection and 
maintenance iroiti a m (30 feet) wide asphalt paved perimeter
road. n 2.4 m (8 feet) high fence along the perimeter roaa is 
provided to aiscourage unauthoriaed access to the heiiostats. 
The Farm to Market Road 2529 that crosses the east-west part oi 
the proposed field teriiiinates outside the solar collector tiela 
oounaaries. h new 3.2 km (2 nale) long highway is provided to 
reroute traffic north of the solar collector field site.
Arroyos ranging from surface erosion near the center of tne cite 
to 2 m (o ft) wasnes near tne War Road west ox the site are 
diverted north ot the collector field. The diversion channel 
extends east across a 3b.fa m (120 feet) wide natural gas line 
right-of-way (ROW). Rainfall in the field will ce chaxmeled by 
several north-south shallow ditches, O.fc m (2 feet) deep with a 
3.0 m (10 feet) bottom width covered ny 5.1 cm (2 inches) ot 
crushed stone. The shallow ditches discharge into collection 
aitcnes or 0.9 in (3 feet) deep and b.l m (20 feet) bottom width 
along the field's east-west pernnetex road. Ten culverts are 
provided under tne perimeter road to dram water away xioiu tne 
field area. The approximate location or the drainage and 
collection ditclies and the culverts are shown in figure 5.7-2.
Exclusion areas in the collector field allow access to existing 
piping. A 30.5 m (120 feet) wide ROW located xn the eastern part 
of the field is provided tor underground iiatural gas lines. A
12.2 m (40 foot) wide ROW runr*ing in the east-west direction is 
provided for water and gas/lines at the Newman station. In 
addition, a o1 m (200 foot) wide exclusion area is provided on 
the east, north, and west sides of the hellostat field to provide 
room for turning trucks and reducing the likelinooti of vandalism.
Existing transmission lines in the proposed rieid location will 
be rerouted and ruture transmission line ROWs are provided to 
meet Ei Paso Electric Company expansion plans. Rerouted did 
future transmission rights-ot-way will occupy the adjacent area 
to the north ot the planned 345 kV switchyard addition (see 
Figure 5.7-1).
North ot tne Newman Station site, an irrigation spray system, 
using water from the Newman Station evaporation pond, irrigates 
land tor cattle grazing. The irrigation system will re moved tc 
a new location in order to use the land tor tne solar collector 
field.
The total cost of the site preparation is $1.9 x lO*. The site 
preparation costs are itemized in Table 5.7-1 and include the 
costs for cleaiiing the land, minor grading, surface preparation 
with 5.1 cm (2 inch) crushed stone, roads, and fencing.

5.7-1



TABLE 5.7-1
SITE IMPROVEMENT COSTS

Clearing and Grubbing $ 500,000
Diversion Channel and 130,000
Drainage Ditches 2b0,000
Roads and Fencing 1,010,000

Total (1982 dollars) $1,900,000

1 ot 1
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5.d SITt FACILITIES AND STROCTORES
New site facilities and structures associated with the solar
repowered Newman Unit 1 Station mclude a modification to the 
existrng control room, a new solar feedwater pump house, and an 
extension to the existing maintenance building. Detail 
conceptual design drawings included in i^pendix D nave been 
developed to show the locations of the new site facilities.
5.8.1 Functional Requirements
The control room will require a second level to nouse the solar 
repowering electronic equipment. The extended control room areas 
shall be air conditioned to maintain the correct ambient 
temperature for the new computers and associated equipment. The 
second level will require new toilet facilities. An addition to 
the maintenance building will be required to enable plant 
personnel to repair and test complete heliostat assemblies. 
Aaditional cooling and ventilating equipment will be required to 
circulate fresh air through the maintenance area.
The solar feedwater pump house will be required for the solar
feedwater pumps and the solar repowering equipment switchgear.
The existing fire protection system must be extended to protect 
the new site facilities. Hydrants and hose stations will be
necessary for the heliostat field and around the solar feedwater
pump house ana maintenance area. Hose stations shall be provided 
at the various levels inside the solar receiver tower.
Outdoor lighting shall be provided along the solar collector
field perimeter road and at the base and upper levels of tne
tower.
5.8 .c2 Design
The solar repowering system computer equipment, relay equipment, 
cind associated consoles for the operators and progranoners are 
located in a second level over the existing control rocxn as shown 
on Figure 5.6-1. The second level is approximately 17 m 
(56 feet) by 11.0 m (36 feet), air conditioned, and includes an 
engineering office, spare parts storage room, conference room, 
and personnel toilet facilities. An addition to the existing 
control room extends the north side ot the rocwn approximately
2.3 m (7.5 feet) to provide floor space to combine the solar
repowering system control panel with the Newman Unit 1 boiler
control panel.
A new air-conditioned equipment room will be provided just below 
the top of the concrete tower to house receiver instrumentation 
and control equipment.
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The sclar feedwater pimp house xs an 11 m (3b foot) by 15.2 m 
(50 foot) sheet-metal enclosure located next to the solar 
receiver tower. The pump house Includes two halt-capacity solar 
feedwater pumps/motors and associated equipment and a switchgear 
area for the solar repowering electrical equipment.
A 12.2 m (40 foot) by 18.3 m (60 toot) maxntenance area is 
connected to the existxng warehouse. The new maintenance area 
has adequate space to assemble and test a heliostat unit prxor to 
field installation. Existing tire protection underground mains 
are extended to cover new fire protectxon requxrements for the 
solar repowerxng facxlities. Hydrants and hose statxons are 
located at strategic poxnts in the solar collector field, around 
the maintenance area, and solar feedwater pump house. A fxre 
water booster pump is located at the base of the solar x*eceiver 
tower, and hose stations are provided at the tower upper levels.
5.8.3 Cost
The total direct cost for new sxte facilities and structures 
(Account 5200 - Administrative Areas) is estimated at $586,000.
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SECTION b 
ECONOMIC ANALYSIS

Tnis section presents the aetailed economic analysis ot the solar 
repowered Newman Onit 1 operating on the EPE systtan- The 
analysis is based on the advanced conceptual design of the 
repowerea imit described in Section 4.
The intent of the analysis is to realistically assess the 
economics of the '•first'* repowered unit using present cost data 
for a limited production level for the solar hardware. The 
results therefore are not indicative of the economic potential of 
solar repowering, but rather only of the economics ot the "first 
demonstration" unit; the future economic potential ot solar 
repowering is addressed in Appendix A.
This section of the report includes a summary description of the 
methodology usea tor the analysis, a brief description ot tne
repowered unit including the operating strategy, a description of 
the EPE system, a discussion of the economic bases for the
analysis, cuid tne results and conclusions of the analysis.
6 .1 METHOD
The integration ot solar repowered units into electric utility 
systems raises a number of questions as to the value ot the
repowered units, problems they may introduce, and requirements 
that should be placed upon tnem. In addition to technical 
feasibility, economic and reliability impacts are major concerns 
to El Paso Electric Company. These involve the cost ot 
repowering, the quantity of fossil fuels displaced, a potential 
capacity credit for unit life extension, and the reliability of 
the solar repowered unit.
A cosc/value analysis was perrormed to evaluate solar repowering 
ot Newman Unit 1 on the EPE system. The analysis was performed 
utilizing the methodology developed by Westinghouse as part ot 
fiPRI Contract RP 648-1 entitled "Requirements Definition and
Impact Analysis or Solar Thermal Power Plants." The following 
general assumptions were made tor analyses:

1987 Initial full year of commercial operation
EPE system expansion plan modeled
Solmet weather daca for El Paso/typical meteorological year
Solar plant model developed as part ot EPRI RP-648
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Newman Unit 1 operated to maximize the benefit of solar 
repowering following the 6-montn test and engxneerlng 
evaluation period
Newman Unit 1 operated tor either solar, fossil, or a 
combination of solar/fossil energy
Day's Insolation profile and load demand known In advance
Thirty year operating life

For the proper assessment of the prospective value and Impact of 
the solar repowered unit upon the £P£ system, detailed modeling 
of the operation of such a unit is required. This modeling must 
involve the Interacclve dispatch of the solar unit with other 
generation units on the utility systeia.
The methodology includes a system of computer models and economic 
procedures specifically Integrated to perfonn solar tmlt concept 
assessment and economic impact analysis. The framework of the 
specific methods employed involves the following sequence of 
analysis (Figure 6.1*1):

Develop hourly projections for year and utility system of 
interest.
Simulate the operation ot conventional units on utility 
system for that year, producing incremental operation cost 
tables.
Use incremental cost tables, hourly system loads, and hourly 
insolation to dispatch solar vinit, subtracting solar unit 
electrical power production from the load profile.
Use hourly load reduction to calculate solar unit capacity 
credit and conventional capacity displacement.
Simulate again the operation of conventional generating 
units with reduced system load.
Use economic precedures to calculate resulting solar unit 
value.

This framework allows the evaluation of the solar repowered unit 
in different operating and insolation environments. It also 
provides a vehicle for assessing the value ot either a single 
solar unit or a number of solar xinits, independent of their cost 
projection.
The basis ot the evaluation models Is a set of Westinghouse 
Electric Corporation utility planning computer programs and a 
model for solar repowered unit dispatch. Tne utility models 
Include a production costing model that simulates the operation
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of the balance ot the utility system in oi-hourly increments. 
Capacity credit is calculated using a loss-of-load probability 
model capable ot accepting a probability distribution tor the 
availability ot the solar plant.
The methodology implemented tor economic and system reliability 
impact assessment relies heavily upon utility system simulation. 
The Load Projection, Load Statistical Analysis, Reliability 
Analysis, and Detailed Production Cost blocXs (Figure b . l ~ l )  are 
separate existing Westinghouse models (computer programs) that 
are routinely used to analyze utility systems. These models have 
nad minor modifications to allow them to interface with the Solar 
Thermal Unit Model. This latter model is a moditied version ot 
the one developed by Westinghouse as part ot F.PRI 
Contract RP 6 4 b - l .  The projected hourly system emd site weather 
data are input to the solar unit model, which simulates the 
operation ot the solar unit with outputs tor further analysis of 
the remaining load to be served. The solar unit model uses 
incremental operating cost data tor the balance ot the utility 
system to guide its dispatch. This is particularly important fox 
the optimum conservation ot fossil fuel.
A dispatch routine that recognizes balance ot utility system 
incremental costs, turbine efficiency variations, and insolation 
projections is implemented using considerations shown in 
Table 6.1-1. The approach assumes a foreknowledge ot the full 
day's insolation and load profile at the beginning ot each day. 
It also uses information as to the incremental operating cost ot 
the utility system at various load levels using various fuels 
along with the various solar siibsystem efficiencies.
For realism in the modeling ot the operation ot the rep>owered 
unit, the items shown in Table 6.1-1 include tossil fuel 
consumption to bring the boiler up to temperature, accoxinting tor 
both fuel consumption and the time required. Operating scenarios 
where the boiler heat is maintained in a warm (standby) condition 
overnight is an option in the program.
Logic requiring tossil energy to butter tne turbine during 
insolation transients is also incorporated. The sxycover 
conditions are sampled hourly from the insolation tape to 
determine when insolation transient conditions apply.
To prevent excessive cycling ot the turbine, the unit is tired to 
run through what otherwise would be a brief shutdown period. 
When wind speeds exceed the input design limits, the neliostats 
are assumed stowed and no solar energy is collected tor tnat 
hoTir. Both boiler and turbine-generator part—load efficiency 
curves are incorporated in the solar repowered model.
wnen the insolation is not sufficient to operate the turbine at 
its minimum level and a specified insolation tlireshold is 
exceeded, the boiler is tired to provide enough supplemental
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energy to salvage the insolation and operate the 
turhine-generator.
The incremental cost of competing conventional plants is tested 
hourly to establish whether additional fossil firing of the solar 
repowered unit is economical. A test is also made to determine 
whether it rs economically advantageous to start the boiler 
during each cloudy day, or to leave the boiler at standby and 
thus not recover the electric power production potential of the 
solar svibsystem. The proper boiler shutdown hour xs also 
established on an economic dispatch basis.
The economic methods developed use conventional Revenue
Requirements analysxs, recognizing both the time value of money 
and independent escalation of various cost elements. These 
methods are consistent witn electric utility practice and provide 
the needed flexibility. The Revenue Requirements methodology is 
also consistent with the EPRI economic evaluation guidelines 
stipulated in the August 1977 EPRI "Technical Assessment Guide.** 
The principal economic measures of solar units implemented in 
this methodology are shown in Table fa.1-2.
Because of the uncertainty of the costs of certain portions of
the solar unit, particularly UTider mass production conditions, 
the economic value of the solar unit is assessed independent of 
its costs. The value arises potentially from both operating cost 
savings and capital cost savings to the balance of the utility
system- The operating cost savings are derived from reduction in
fuel consxjmption and variable operating and maintenance costs. 
The capital cost savings arise from reduced conventional capacity 
requirements and a potential shift in the mix of conventional 
units.
The operating value of the solar repowered unit resxilts from a 
reduction in energy production oy the balance of the electric 
utility system. The reduction in conventionai unit, operation 
saves fuel and variable operating and maintenance (O&M) costs on 
the most costly (operating cost) units that wotUd have been 
operating at the time the solar repowered unit is producing
power. Since the solar repowered unit operates during different 
times or the day and tluroughout the year, the highest cost
conventional \init being displaced at any hour changes. Thus the 
operating credit varies with the EPE system chronological load 
shape and the mix of available generation, as well as with many 
other parameters. The major parameters affecting the operating 
value of a solar repowered unit are shown in Taole 6.1-3.
Capacity credit can oe interpreted as the megawatts or 
conventional generating capacity not required to be installed due 
to the presence of the solar repowered plant or in terms of the 
dollars represented by this saved capacity. The capacity credit 
can be taken only for those years of operation of the repowered 
unit beyond its normal retironent date. From an analysis
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standpoint, megawatt savings may be considerea first and then 
converted to dollars. In general, for a solar repowered imit, 
100 percent capacity credit can be considered for those years of 
operation beyond the normal retirement date due to the presence 
of the fossil boiler.
The busbar energy costs are functions of solar unit cost euid 
electric energy production. The net economic impact of a solar 
unit upon the EPE system is calculated by subtracting the solar 
unit value from its estimated costs.
The cost/value ratio is calculated by dividing ttie present worth 
of solar unit lifetime costs (revenue requirements) by the 
present worth of its lifetime value.
Since the inclusion of unit value as well as unit cost is 
considered in determining the economic choice, the cost/value 
ratio is selected as the primary evaluation criterion.
As the solar repowered unit operates dxiring different times of 
the day and throughout the year, the highest cost conventional 
unit being displaced is not constant. For example, during 
reduced-load periods of the day or on weeicends, the solar 
repowered unit may occasionally displace energy normally provided 
by a baseload unit. On the other hand, the solar repowered unit 
will displace a peaking unit on the days in which the load is 
high. The operating credit varies with the utility system 
chronological load shape and the mix of available generation, as 
well as with many other parameters.
Displacement of baseload energy partly occurs due to the EPE 
philosophy of keeping some minimxim generation level on at its 
local (in El Paso area) stations at all times as a reliability 
consideration.
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TABLE 6.1-1
DISPATCH CONSIDERATIONS IN SOLAR REPOWERING MODEL 

Fossil Startup Logic
Fossil Butfer tor Insolation Transients 
Closeup Potential Shutdown Windows 
High Wind Speed Solar Shutdown 
Boiler Efficiency Corrections 
Fossil Recovery of Low Insolation 
Economic Fossil Fuel Dispatch 
Hot Standby (Option)
Economic Shutdown at End of Day 
Cost/Value of Daily Fossil Fuel Ose

RECOGNISING 
ForeKnowledge of Day's Insolation Profile 
Foreknowledge of Day's Load Profile 
Utility System Incremental Cost Curve 
Fossil Boiler Limits and Efficiency 
Turbine-Generator Limits and Efficiencies 
Insolation High Transient Conditions 
Operational Wind Limits
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TABLE 6.1-2
SOLAR UNIT ECONOMIC MEASURES

Solar Plant Value
Operating Cost Savings 
Capital Investment Displacement

Solar Plant Busbar Energy Cost
Plamr Capital Cost 
Plant Operating Cost 
Energy Produced

Utility System Cost Impact
Solar Plant Costs 
Utility Differential Costs

Solar Plant Cost/Value Ratio
Solar Plcuit Lifetime Costs 
Solar Plant Lifetime Value

1 of 1
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TABLE 6.1-3
OPERATING VALUE FACTORS

Insolation Characteristics 
Utility System Load Shape 
Utility Mix of Generating Units 
Fuel Cost and Escalation Projections 
Conventional Unit Heat Rates 
Variable O&M Cost and Projections 
Plant Collector Area
Penetration of Solar Hybrid Repowered Plants 
Present Worth Discount Rate

1 of 1
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6.2 UNIT OPERATING DESCRIPTION
A reference solar repowered unit, for Neviman Unit. 1 is defined in 
Table 6.2-1 for the purpose of performing the unxt economic 
analysis. The reference xmit is based on the conceptual design 
presented xn Section 4 cUid utilizes the solar hardware and 
technology being developed as part of the Second Generation 
Heliostat Development Program and the Advanced Water/Stearo 
Central Receiver Development Program. The capital cost data tor 
this unit eire given in Section *♦ .6 and the anticipated operating 
and maintenance costs in Section 4.7. The solar subsystem is 
sxzed to provide 41 MWe net (50 percent repowerxng) at noon 
winter solstice based on an insolation level of 1000 watts/m*.
The ability to operate on fossil fuel nas been maintained in the 
repowered unit. The unit can therefore operate and produce up to 
82 MWe using steam generated from the fossil boiler or a 
combination of both the fossil boiler and the solar recexvers. 
It is assumed that the vuiit will always operate on fossil fuel 
only or a combination of solar and fossil produced steam during 
cloudy days - a cloudy day for the purpose of the unit econcxnic 
analyses is defined as a day during which the sky cover exceeds 
0.5 for two or more consecutive hours (see Appendxx A).
The operating scenarxo for the fossil boiler xs xniportant xn
assessing the economic benefit of solar repowerxng. Since the
solar repowered Newman Unit 1 is a **f irst-of-a-kxnd* 
demonstration unit, an operating strategy ror the fossil boiler 
has been selected to permit operator confidence and experience to 
be obtained with the solar subsystem without jeopardizing the 
integrity of the existing equxpment or the ability of the unxt to 
produce power. Altliough this strategy penalxzes the initial 
economxcs of the solar repowered unit because of additional fuel 
consvimption, considerations of successful demonstratxon cuid 
reliability are paramount. EPE would not expect so severe a 
constraint on future units. The operating strategy consists of:

Unit operation initiated January 1987
1/87 to 2/87, the fossil boiler produces 4l MWe mxnxmvnn when
the unit is operating on solar; the unit is also
economically dispatched on fossil.
3/87 and 4/87, the fossxl boiler produces 23 MWe mxnimum 
when the unit is operating on solar; the unit is also 
economically dispatched on fossil.
Beyond 4/87, the fossil boiler operates only when requxred 
to offset solar insolation transients on cloudy days or when 
economical to dispatch on fossil fuel, othejnnrise it xs 
maintained xn a warm stamdby condition.
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At ter six months of engineering test and evaixiacion, the solar 
repowered unit will be dxspatched, in a manner similar to 
conventional fueled \mits making maximum use of tne availaUale 
solar energy. This operating strategy assumed Newman Unit 1 to be 
a “fxrst-of-a-kind“ demonstration unit. The 10 MW(e) fiarstow 
Pilot Plant, however, is a water/steam unit similour to Newman 
Unit 1. The operating strategy for the Pilot Plant, which is 
currently being finalized, includes six uiontns of operating mode 
checkout/acceptance testing, two years of restrxctxve unxt 
operation during which time addxticxial tests are being performed, 
and three years of operation in a conventional utility mode. 
During this period, EPi. personnel plan to carefully follow SCE*s 
experiences with Barstow; including, locating a team of EPE 
operating personnel at Barstow approximately sxx months to one 
year prxor to inxtiating acceptance testing at Newman Unit 1 to 
obtain “hands-on" experience in operating a solar unit. Since the 
Barstow Unit has more operating modes due to the use of a thermal 
energy storage subsystem than contemplated for the solar 
repowered Newman Unit 1, and since both units will have simxlar 
control systems for the heliostat field and receiver, EPE*s 
planned operator training at Barstow will be directly applxcable 
to Newman Unit 1- The fossil boiler will be cycled «laxly; x.e., 
the fossil boiler is only shut down to a cold condition for 
routxne or forced maintenance - three cold starts are antxcipated 
throughout the year. Durxng cloudy days v^en the plant is 
operating from solar generated steam, the fossil boiler xs 
maxntained in the minimum automatic firing condxtion (28 percent 
of rated load) throughout the cloudy day. The boiler firing rate 
is increased if it is economxcal to supplement the steam produced 
by the solar receiver (when compared to generating the equivalent 
power using units on the balance of the EPE system) or xf xt is 
required to overcome severe insolation transients xn order to 
maintain steam condxtions at the turbine inlet. At tne end of 
the day, however, the boiler may be banked (pending economic 
dispatch considerations of the unit on fossxl fuel) and 
maintained in a hot standby condition overnight- The boiler wxll 
also be banxed during clear days or when it is not economical to 
operate the plant xn either solar or fossil modes. No fossil 
energy will be required to maintain tne Newman Unit 1 boiler in a 
hot standby conditxon for periods as long as several days; for 
longer periods the boiler must be xntermittently fxred. The 
boxler can achieve 28 percent of rated output from the hot 
standby condition in approximately 1 hour.
The fossil boxler at Newman Unit 1 is able to operate using 
either natural gas or fuel oil. El Paso Electrxc Company 
currently has gas supply contracts ext€snding xnto the 1990 *s. 
Between 1985 and 1990, the Newman Unit 1 boiler will burn nartiral 
gas. After 1990, it is assixmed tne unit will also burn gas; it 
xs anticipated that the National Fuel Ose Act of 1978 prohxbiting 
the burnxng of natural gas for utility units beyond 1990 will be 
permanently repealed.
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TABLE 6.2-1
SOLAR REPOWERED NEWMAN UNIT 1

Unit Type 
Unit Rating
Solar Repowering Percentage 
Plant Operating Scenario

Collector Subsystem
Field Configuration 
Sield Area 
Heliostat Area 
Number of Heliostats

Primary Receiver 
Type
Size
Outlet Temperature

Reneat Receiver 
Type 
Size
Outlet Temperature

Tower Height
Number of Towers 
Primary Receiver C/L 
Reheat Receiver C/L

Reheat Steam Turbine 
82 MWe 
50 percent
Maximize solar benefit 
Fossil operating full time 
and only on cloudy days 
Economic dispatch fossil energy

North field (IbQo arc) 
370 acres
171,000 ra* (effective) 
2,998

External (pumped, recirculation 
boiler/screened tube concept)
11.bra dia x 15.8m long (210® arc) 
5U90C (1,020OF)

External
14.5ia dia x 13.1m long 
5i4goc (1,020®F)

155 m 
140 m

(2100 arc)

Electric Power Generation Subsystem
Cycle Steam Rankine (reheat)
Net Unit Efficiency percent (at full load)
Turbine Inlet 10.1 KPa/538oc
Heat Rejection Wet cooling tower

Fossil Boiler 
Type
Rate Load Efficiency 
Minimum Load 
Startup Energy 
Warm Standby

Gas/oil 
84.4 percent
28% of rated Flow - 23 MWe
106 X 10* kJ
15.8 X 10** kJ/startup

NOTE;
♦ Based on an insolation level of 1000 watts/m*

1 of 1
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b.3 EPE SYSTEM DESCRIPTION
The detailed economic evaluation of the solar repowered Newraan 
Unit 1 is based on a model of the EPE system. This section 
describes the system model used tor the economic evaluation. The 
model constructed is representative of the EPE system expansion 
plan as ot April 19tt0; however, as is customary in the utility 
industry, the expansion plans are continuously reviewed as load 
forecasts and projected fuel costs change. The expansion plan 
and the system xnodel summarized below, therefore, are at best 
'•representative'* ot the future EPE system and should not be 
interpreted as the plan that EPE tends to implenient.
6.i.1 EPE System Expansion Plan
The EPE system currently has a total generatang capacity ot 
97*+ MWe. Approximately 89 percent of the existing system 
generating capacity is provided by gas- ana oil-tired units 
located at the Copper, Rio Grande, and Newman Stations; ttie 
remaining 11 percent is supplied by remote coal. EPE is a summer 
peaxing system with most ot the peak load demand resulting from 
air conditioning requirements during June and July.
The solar repowered Newman Unit 1 will be operational by 
January 1987; the operating scenarios tor the unit are descrioed 
in Section 6.2. The EPE system expansion plan (March 1982) was 
modeled for the years 1987 through 2000. During this time traiae, 
most of the planned capacity additions are in the form of nuclear 
(Palo Verde) and coal plants. In 1987, approximately 93 percent 
of the generating capacity is coal and nuclear and by the year 
2000 this will increase to fcb percent. The solar repowered unit 
will therefore displace some baselcad energy (and thus not be as 
economically attractive) during the winter months. E’or modeling 
purposes beyond the year 2000, the dispatch ot the system in 
terms of unit priority is assumed identical to the dispatch 
during the year 2000.
b.3.2 Load Forecast
The peak load forecasted tor 198 7 is 995 I'lWe and by the year 2000 
the system load is expected to increase to 1,599 nWe. These data 
are used in conjunction with the EPE hourly load shape for a 
typical year tor the economic evaluation. It has been assumed 
tor the ctnalysis that the hourly load shape tor a typical year is 
representative ot the years 1987 to 2016.
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6 . ECONOMIC ASSUMPTIONS
The methodology used for the economic Impact analysis of the 
solar repowered unit is described in Section 6.1. The economic 
principles applied are based upon revenue requirement emalysis 
requiring the application of escalation rates, present worth 
discounting, and capital fixed charge rates. In order to carry 
out this analysis It Is necessary to make assumptions for the 
solar repowered and conventional unit capital costs, operation 
and maintenance costs, and fuel costs as well as tne escalation 
of these costs for 30 years into the future.
The capital cost estimate for the solar repowered unit and 
estimate for the operation and maintenance costs are given in 
Sections ‘♦.b and 4.7,respectively. A schedule maintenance period 
of three weeks tor the solar repowered unit plus an equipment 
related forced outage rate of 10 percent Is included in tiie 
analysis.
Tanle 6.4-1 presents the economic scenarios developed by EPE tor 
the analysis. Two EPE scenarios are presented; the first 
scenario is based on £PE*s current projection of natural gas and 
fuel oil escalation rates . Because ot the uncertainty in the 
long terra escalation rates for these fuels, a second scenario is 
also considered in the economic evaluation presented in 
Section b.5 which is based on a 10 percent escalation rate tor 
gas and oil beyond 1989. The discotint rate used in the analysis 
for both scenarios is 15.7 percent with a fixed charge rate of
16.1 percent.
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TABLE
EPE ECUNOMIC SCENARIOS (lt»87)

Present Woxrtli Discount Rate (»)
Fixed Ctiarge Rate (»)
Capital Cost, t/icWe 
(c-t/c-c/coal/huc)
Fuel Cost (S/MBtu)
(Gas/Oil/Existxng Coal/New Coal/Nuc)
Fuel Escalation Rate (»)
(Gas/0il/Coal/Nuc)
lijS?
1989
Beyond 1989 

Capital Escalation Rate {%)

GSM Escalation Rate {%)

Scenario A
15.7
1b.1

4 0 0 /7 0 0 /1 6 0 0 /1 8 0 0

8 .7 7 / 1 4 .2 / 1 .1 / 2 .7 7 /0 . 8 7

8 /1 5 . 6 /8 / 8 .2  
8 / 9 . 3 / 8 / 6 . 9  

8 /1 0 /8 /5  
7 /7 / 8 /7

8
7

Scer>ario B
15 .7  

1 6 .1

4 0 0 /7 0 0 /1 6 0 0 /1 8 0 0

8 .7 7 / 1 4 .2 / 1 .1 / 2 .7 7 /0 . 8 7

8 /1 3 . 6 /8 / 8 .2  
8 / 9 . 3 / 8 / 6 . 9  
8 /1 0 /8 /5  
1 0 /1 0 /8 /7

8
7
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6.5 ECONOMIC ANALYSIS RESULTS
The economic Impact of the solar repowered unit on the EPE system 
is summarized in this section. The results presented here are 
based on the assumptions given in Sections 6.2 and 6.3 and were 
obtained utilizing the methodology described in Section 6.1. In 
order to more accurately determine the economic impact ot the 
particular solar repowered unit on the EPE system, a multi-year 
analysis was performed. Changes in the solar repowered unit's 
operating strategy and EPE system configuration over time 
required detailed modeling of multiple years. A total of seven 
individual years ot solar repowered unit operation were modeled. 
This multi-year analysis supplied valuable information concerning 
yecirly production costs and savings incurred by the solar 
repowered unit. A lifetime cost/value ratio was derived from the 
yearly operations.
6.5.1 Multi-Year Results Summary
The annual operating costs and savings incvirred by the solar 
repowered unit on the EPE system are shown in Table 6.5-1. Gas 
was assumed burned in the repowered unit during the entire study 
period. The numbers presented in the table are in millions of 
1982 dollars. The operating savings were calculated from tiie 
annual displacement of conventional fuels and 06M by the solar 
repowered unit. The operating costs included those costs 
incurred from both economic dispatch and supplemental tossil fuel 
cons\imption in the solar repowered unit along witn its required 
annual 06M. The net annual savings were obtained by subtracting 
the operating costs from the operating savings.
Table 6.5-1 shows a yearly increase in net savings from 1987 
through 1990. D\iring this time frame the EPE system generating 
configuration remains constant. As the system load increases, 
the amount of energy generated as a result of the economic 
dispatcn of the fossil boiler in the repowered unit increases, 
thus resulting in a larger yearly net savings.
After 1990 coal units are added to the EPE system, because ot 
lower coal operating costs, -che economic dispatch of tbe tossil 
jx>iler in the repowered unit decreases. This decrease in usage 
results in lower net savings, as is shown in the table.
Shown at the bottom of Table 6.5-1 is the 30-year total present 
worth operating costs and savings. In order to obtain these 
numbers, the operation of the solar repowered unit was assumed 
constant in years 1991 through 1994, 1995 through 1999, and 2000 
through 2016. The lifetime net operating savings ot the solar 
repowered unit is $18.97 million dollars(1982 dollars). This is 
for the total electrical production of 3,538,100 MWn on Newman 
Unit 1.
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Table 6.5-2 svunmarlzes the litetlme cost and value found from tne 
multi-year analysis. The components of cost and value were 
determined for both EPE economic scenarios (A and B) . For 
details on these two economic scenarios, see Section 6.3. The 
numbers shown in this table are present wortn of revenue 
requirements expressed in 1982 millions of dollars. The
cost/value ratios were 2.27 and 2.08 for economic Scenarios A emd 
B, respectively. Also shown in the table are the levelized 
busbar energy costs in 1982 dollars.
A Change in gas escalation rate after 1989 from 7 to 10 percent 
(B) resulted in larger lifetime fuel value and fuel cost, as
expected. The majority of fuel displaced by the solar repowered 
unit was gas; therefore it follows that, if the price of gas is 
higher, the value of the displaced fuel is greater. However, 
this larger gas escalation rate also results in a higher lifetime 
fossil fuel cost. The net impact is a slightly greater total 
value because of the more efficient use of the gas bxarnea in the 
solar re powered \uiit.
The energy output of the solar repowered unit given in
Table 6.5-3 on a year-by-year basis is graphically displayed in 
Figure 6.5-1. The total energy, given in gigawatt hours
electric, is shown divided into three components: solar, fossil
for economic dispatch, and fossil for solar support operation. 
Support dispatch is the firing ot the fossil boiler to allow for 
optimal use of the solar energy. Economic dispatch is the use of 
fossil side of the \jnit when it is more economical than competing 
fossil units. This figure shows a scxnevdiat higher energy 
contribution from the support lossil operation in 1987 because of 
the adopted operating strategy ot the re powered unit during the 
first four months. The amovint of solar energy produced was 
relatively constant. Slight variations were due to a difference 
in the number of days the fossil boiler was used.
Even though the same solar insolation was used for each year of 
the analysis, the amount of solar thermal energy directed to the 
turbine-generator varied slightly from yeeur to year because of 
its dependence on fossil boiler operation (e.g., augment solar 
with fossil to bring unit up to minimum output level) which is in 
turn dependent upon system incremental costs.
Figure 6.5-2 shows the conventional energy, in 1 0 Btu (millions 
fIBtu) , displaced by the solar repowered unit. The solar 
repowered unit saves the equivalent ot approximately 3 million 
barrels of oil over the 30-year lifetime. The lifetime reduction 
in future revenue requirements for fuel is approximately 
350 million dollars for the EPE economic scenario. As was 
expected, the bulic of the energy displaced by the repowered \init 
was gas. The total lifetime energy displaced is about 30 million 
MBtu of gas and about 7 million MBtu of coal. Very little oil is 
displaced (0.1 million MBtu) because only a small amount of 
energy is produced from the oil burning units during the time
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frame of i:he st-udy. The solar repowered unit, will consume about 
12 million MBtu of gas over its life including economic dispatch. 
Thus<» the net energy displaced will be about 11 million MBtu of 
gas and about 7 million MBtu of coal.
6.5.2 Solar System Startup Impact
An area of concern in the operation ot the solar repowered unit 
IS the source of the energy needed to achieve normal receiver 
operating conditions during startup. One approach is to assume 
the daily startup energy is supplied by the solar receivers 
themselves from the early hoxirs of solar insolation. The 
alternative is to use the fossil boiler to supply the same needed 
energy. A one year simulation was performed in the previous 
study to determine the economic impact of each strategy. Tne 
operation of the solar repcwered unit was modeled with the 
startup energy equal to 75 MWHt in one case (solar) and 0 MWnt in 
the other (fossil).
The lifetime revenue requirements for both cases were calculated. 
Only a slight difference in total value resulted between the two 
cases. Little change occurred because the solar startup energy 
(15 MWht) represented a small percentage of the total daily solar 
energy output. The tact was verified frcrni the relative small 
difference in total yearly energy output (17b.0 vs 179.5 GWne)» 
for solar and fossil startup, respectively.
Therefore, it is concluded that the strategies employed in 
starting the solar portion of the unit should be determined from 
design operating points of view eind perhaps frcxa design criteria. 
The economic advantage of either strategy appears to be minimal.
b.5.3 Economics and Cost Sensitivity
Due to the future uncertainty ot many economic factors which have 
a great impact on the economic worth of the solar repowered unit, 
a sensitivity analysis was performed. TWO of the factors 
reviewed were the solar repowered vmit costs and future oil and 
gas costs. The results of the cost sensitivity analysis are 
presented in this section. The sensitivity of future gas costs 
was shown in Table 6.5-2.
Because of the methodology employed, variations in solar 
repowered vinit costs can be analyzed easily. Table 6.5-4 shows 
the Impact on the cost/value ratio of two alternate solar plant 
costs (low and high) . The heliostat cost was assvuned to be 
Jl50/hi* and $350/m2 for the low and high cases, respectively. 
This is compared against $19b/m^ used in tne base cases. The 
numbers were developed employing the EPE A economic scenario and 
are expressed in 1982 millions of dollars.
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6.5.4 Typical Solar Plant Operations
The operation of a solar repovrered unit on a utility system 
varies throughout the year. The operation is dependent on solar 
insolation, load level and daily load shape, and available 
conventional capacity. A number of curves displaying the typical 
operation of tne solar repowered Newman Unit 1 on the utility 
system are shown in this section. The typical operatioii curves 
were obtained from the 1988 solar simulation and are intended 
only to graphically demonstrate the operation of the unit. 
Typical summer and winter daily operations of the solar repowered 
unit are displayed in Figures 6.5-3 and 6.5-4, respectively. 
The total output of the solar repowered unit over the entire day 
IS shown in these graphs. The unit net output is represented by 
the solid line. The dashed line enclosed wit/iin the solid line 
represents the amount of solar-only contribution. The amount of 
energy produced from direct solar is thus the area under the 
dashed iine. The area above the dashed line and below the solid 
line is the energy produced trs m the fossil boiler, both support 
output and economic dispatch.
Figure 6.5-3 shows solar electrical output first appearing in 
hour 8 and lasting until hour 17. The maximum solar contribution 
during the day is about 36 MWe (hours 12 and 13). The graph 
shows a large amount of energy produced from the fossil boiler 
due to economic dispatch. In hours 8 through 21, fuel is burned 
to bring the output of the vinit up to its maximum level, 82 MWe. 
An examination of the summer day's hourly sXycover percentage 
indicates it to be a cloudy day; therefore, the fossil boiler is 
started and maintained at the standby level (23 MWe) beginning 
with the first solar insolation hour (hour 6). No solar electric 
output is produced in hours 6 and 7 because the solar tnermal 
energy available in those hours is used to start the solar 
receiver.
The winter day shown in Figvure 6.5-4 is also a cloudy day; 
therefore, the fossil boiler is again used to augment solar 
output during the buffering period (hours 8 through lb). In 
addition, because the fossil boiler is economically dispatched in 
hour 19, the fossil boiler is maintained at its standby level in 
hours 17 and 18. The total electrical energy produced in this 
winter day is much less than that produced in tne summer day 
because of lower solar insolation and system incremental costs.
How the daily operation of the solar repowered unit adjusts the 
original system loads is shown in Figures 6.5-5 and 6.5-6. Tne 
original load is represented by the solid line. The dashea line 
represents the original load adjusted by the total solar 
repowered unit contribution. Conventional units are operated to 
meet this adjusted load.
Overlayed on these daily load shapes are the capacities ot those 
conventional units which can be expected to operate to meet the
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system loads. The hase capacity region shovm on these cxirves is 
made up of nuclear (Palo Verde) and coal (Four Comers) vuiits, 
along with the purchased power available from the to-be-built 
100 MWe transmission line. The gas region represents all tour 
Newman units and the Copper unit. The Rio Grande Station makes 
up the oil region. As can be seen from these figures almost ail 
of the displaced energy is gas, with only a small amount ot oil 
being displaced on the summer day.
Figures b.5-7 and 6.5-b graphically display typical summer and 
winter weeks of repowered unit operation. Again, the solid line 
represents the unit output, and the dashed line is the solar 
contrioution« The fossil boiler was economically dispatched 
every day of the summer week except the first day because ot high 
system loads. Conversely, only one day of the winter week haa 
loads great enough to economically dispatch the fossil boiler. 
This can oe seen in Figures 6.5-9 and 6.5-10 which display the 
original and adjusted EPE system loads for the same weex. Tne 
solar repowered unit displaces almost entirely gas during both ot 
these weeks, with only small amoxmts of oil being displaced the 
third day of the summer week and base loaded energy the firsr day 
of the winter week.
The original and adjusted EPE system annual load duration curves 
are snown in Figure 6.5-11. The area between the two curves 
represents the total yearly energy output of the solar repcwered 
unit. From this graph, it is evident that a solar repowered unit 
would have a positive impact on the EPE system by reducing peak 
load period requirements.
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TABLE 6.5-1
ANNUAL OPERATING COSTS AND SAVINGS 

(1982 M$)

Year
19b?
1988
1989
1990
1991 
1995 
2000

Fuel
8.34
8.02
9.25
10.03
6.68
3.10
0.85

Savinas Cost.s
OSM
0.06
0.05
0.04
0.04
0.04
0.04
0.03

Fuel
5.83
5.53
6.58
7.21
4.62
1.87
0.29

O&M
0.89
0.82
0.76
0.07
0.65
0.09
0.06

NeE
Savinas
1.68
1.72
1.95
2.16
1.45
1.18
0.53

30 Years 
Total PW 81.36 0.85 52.51 10.73 18.97

1 of 1
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TABLE 6.5-2
MOLTI-YEAR COST/VALUK SUMMARY 

IS*82 M$ PWRR

Economic Scenario^

Solar Plant Cost
Capital
O&M
Total Cost

Solar Plant Value
Fuel Value 
Variable O&M 
Fuel Cost 
Capacity Credit 
Total Value

Net Value
Cost/Value Ratio
Levelized Busbar iinergy Cost 
(mills/kWh)

72.1
10.7
82.8

81.4
0.8

-52.5
6.8
36.5

-46.3
2.27

104.7

72.1
10.7
8z.8

89.2 
0.8 

-57.0 
6.8 

3;*.8
-43.0

2.08

108.1

NOTE:
♦Economic Scenario A and b are identical except tor oil and gas 
escalation rates beyond 1989:

Gas
Oil

A
1%
1%

B
10»
10%

1 of 1
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TABLE 6.5-3
ELiiCl*RICAL ENEKGJf OUTPUT SUMMARY 

|GWh/Year)

Year
Total
Unit

Solar
Output

Fossil
Support

Fossil
Econcmixc

19B7 190.2 59.6 33.6 97.0
1988 193.1 59.6 15.9 117.6
1989 231.8 61.0 15.1 155.7
1990 262.6 61.8 14.4 l86.<»
1991-1999 198.3 60.3 19.3 118.7
1995-1999 133.4 57.7 15.8 59.9
2000-2016 70.6 54.1 9.9 6.6

1 of 1
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TABLE 6.5-4
SOLAR PLANT C»ST SENSITIVITY 

(1982M$ PWRR - A Economic Scenario)

Low Normal High
Solar Plant Cost

Capital 64.4 72.1 96.7
06M 9.6 10.7 14.4
Total Cost 74.0 82.8 111.1

Solar Plctnt Value
Fuel Value 81.4 81.4 81.4
Variable 06M 0.8 0.8 0.8
Fuel Cost -52.5 -52.5 -52.5
Capacity Credit 6.8 6.8 6.8
Total Value 36.5 36.5 36.5

Net Value -37.5 -46.3 -74.6
Cost/Value Ratio 2.03 2.2? 3.04

NOTE; Heliostat Costs ($/m̂ )
Low 150
Nominal 198
High 350
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SECTION 7 
DEVELOPMENT PUSH

The s-teps required ro proceed from the advanced conceptvial design 
through the conclusion of a demonstration project Include design* 
procurement* construction* checlcout* startup* performance 
validation* and commercial operation. Each phase Is described in 
this section In order to evaluate the feasibility of providing a 
plcuit capable of operation by late 1986. The major areas of 
activity occurring over a 7-year period beginning in late 1982 are addressed.
7.1 DESIGN PHASE
The design phase encompasses several activities tnat focus on the 
development of more derailed engineering Information* procurement 
of long lead time hardware* and revisions of design Information 
based on vendors* data to support construction. These activities 
cure discussed In the following sections.
7.1.1 Preliminary Design
Conceptual design data and drawings resulting from the current 
study will be utilized as a starting point for refining unit 
design descriptions and requirements to the level of detaxl 
necesscory for preparation of bid packages for major hardware 
procurements and major construction subcontracts. Bid responses 
will be used to prepeure a preliminary project estimate.
Prellmlncury design phase activities will Include detailed 
pleumlng and scheduling through construction* securing land required for the collector field and relocating transmission 
facilities* onsite Insolation data monitoring* preparation of an 
environmental impact statement and safety analysis report* and 
performance tearing of the existing boiler and turbine-generator.
Development of preliminary design information and bid packages 
for procvirement of collector and receiver eqiitpment will receive 
major emphasis since these subsystems will have a major Impact on 
overall project schedule. Also* selection of equipment 
manufacturers for the collector sunsystem will have a major 
Impact on detailed design of the system. Tower design* hellostat 
foundations* heliostat locations* and electrical requirements are 
examples of Important design areas that will require vendor data 
Inputs.
Detailed control system design will require a thorough transient 
analysis. Specific control logic Interfaces between the new 
master control system and the solar and fossil subsystems* and 
existing balance of plant will be ccmipleted.
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7.1.2 Procurement
Procurement of major equipment and construction subcontracts 
represents an important activity that will have considerable 
impact on system detailed design, performance, cost, and overall 
project schedule. Procurement will be by competitive biadmg for 
material, equipment, and construction. Major procurement 
activities include bxdders list approval, preparation of 
specifxcations, cost and performance evaluation, vendor 
selection, and purchasing/contracting. Major equipment 
procurements, including heliostat and receiver equipment, will be 
ready for release for fabrication shortly after the preliminary 
design phase.
7.1.3 Final Design
Final design information will be developed based on information 
provided by equipment manufacturers. Final drawings for 
equipment cuid facilities construction will be prepared.
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7.2 CONSTRUCTION PHASE
Construction work at the site is scheduled to begin approximately 
27 months after initiation of Preliminary Design work. However, 
construction personnel will assist engineering staff in 
developing an eccoKxnical and constructible design, and in developing detailed specification and sxibcontract docximents.
Onsite construction activities will include overall subccmtractor 
direction, coordination and evaluation; cost and schedule 
control; processing of invoices in conjunction with headquarters 
contract administration; site safety and security programs; 
technical direction from engineering and memufacturers* 
representatives; and contact with governing or regulatory 
agencies.
The first construction activity will be site preparation, 
followed closely by erection of the tower and heliostat f ovindations.
Next, modification of existing plant and unit facilities that do 
not constrain plant operation are initiated, such as extensions 
to the maintenance building. The bulk of new controls and 
instrumentation can be assembled prior to hookup to minimize unit downtime.
Heliostats are installed over approximately a 1-year period.
Receiver erection will oegin following completion of the tower 
structure, and require about 1 year- Structural con̂ pcxients and 
the drum will be raised inside the tower. Next, work can proceed 
in installing piping, platforms, and other equifmient inside the 
tower. Receiver pcuiels will be raised outside the tower using a hoist at the top of the receiver structure.
Newmcm Unit 1 will be shut down approximately 6 months in early 
1986, primarily as a result of extensive turbine modifications 
required for installing the new digital electrohydraulic 
controls. All interfacing components, such as steam lines, 
electricals, controls, and instrumentations will be hooked up during this period.
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7.3 SYSTEM CHECKOUT AND STARTUP PHASE
System checkout and startup are schedulcKi to begin approximately 
36 months following initiation of the Final Design Phase. The 
purpose of checkout and startup testing is to systematically 
verify the proper Installation and operation of the unit and all 
support systems, and to confirm the design intent.
A detailed plan for system checkout and startup will be developed 
aviring the Final Design Phase. This plan will address component 
and subsystem checkout and initial operations, followed by system 
startup and performemce testing.
7.3.1 Component and Subsyst^ Checkout
Procedxire documents will be developed for electrical checkout and 
testing, instr\iment checkout and testing, control verification, 
pressure tests, and checkout and testing of the receiver and 
collector equipment.
Startup and service engineers will be provided by the receiver, 
hellostat, and computer manufacturers.
EPE personnel will perform instrument calibration and supervise 
checkout and testing of new relay and switchyard equipment.
The most significant activity is the checkout of the large number 
of heliostat power drives, power supplies, and position sensors. 
Initial positioning and adjustment of eacn heliostat will be 
required prior to system startup.
7.3.2 System Startup
Procedure documents will ne develop«;d for system testing and 
startup.
Initial system testing and stairtup will involve partial load 
steam generation by the receiver, with limited ^uaounts of steam 
vented directly to the condenser. Initial tests will verity the 
ability of the control system to maintain flux on the receiver, 
and maintain boiler drum level during variations in steam flow. 
Additional tests at progressively increasing loads will lead to 
full-load operation with steam flow to the turbine.
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7.4 SYSTEM PERFORMANCE VALIDATION PHASE
After the initial startup and component system checkout tests, 
the solar repowered facility will operate on-line and produce 
power to the grid in the EPE electrical supply network. Since 
this plant is a first-of-a-kind demonstration of solar 
repowering, tlxere will he an exteiided period of operation in 
which a number of unique tests wxll he performed to validate tne 
system operation and performance. A preliminary review of the 
required tests will he completed; the tests identified to dare 
enconpass verification of normal steady state and transient 
operation and performance and abnormal operations to fully “shake 
down* the facility capahilitxes. During thxs period of time, the 
fossil boiler will he maintained in operation at all tiioes to 
provide backup capability. A detailed test plan will be prepared 
during the next phase to identify the test scope and schedule for 
this verification phase. This test plan will include, in part, 
the following types of tests:

Demonstration tests to confirm safety of personnel, plant, 
and facility including demonstration of Instrumentation and 
control systems adequacy to handle normal and emergency 
transients.
Demonstration tests to confirm adequacy of data acquisition 
to produce required data for analyses.
Demonstratxon tests tc validate and/or modify computer 
simulation models and operation, maintenance, and test 
manuals and directives.
Demonstrations to verity imit performance.
Normal operational performance tests as a function of time of 
day, season, weather conditions, equipment status, direct 
operation, and load demand.
Transient operational performance tests as a function of 
startup, shutdown, cloud passage, storm impacts, dust and 
other environmental impacts, and grid power flow.
Component and subsystem operational performance tests, 
including determination, weather and other environmental 
xmpacts, off-desxgn operatxng conditions, trends such as 
degradation, and maintenance requirements.

7.4-1



7.5 JOINT USER/DOE OPERATION PHASE
The operation phase wxll be defined in detaxl durxng the 
prelxmxnary desxgn phase of this program. However* the operation 
task of the program has been considered xn suificxent aetail to 
permit estxmates of manpower requirements to sumiriarize the 
efforts needed during the xnitial program phases. It xs 
envisioned that extended utxlity operatxons will be evaluated 
jointly by EPE and IX)E for approximately bO months.
Preparatxon of the preliminary operatxng and maintenance plans 
will be xnxtiated xn the preliminary desxgn phase to estaolish requirements tor the design of the solcir systciiu ana support tacxlities. A control document will be established that consists 
of a set Of operating cbjectxves along wxth descrxptions of tne 
data to be obtained and the format xn which these data are reportea. ITiis docviment will become the basxs for defxnxng 
requirements for detectors, computer, and equxpment xn the 
prelxminary and detailed desxgn phases. Manuals for operatxon, 
iriaintenance, and crew traxning will be finalized in the detaxled 
design phase as designs become finalized.
Personnel for the operation and maintenance crews wxll be 
selected, utilizing a thorough screenxng and testxng process. 
Part-xcipatxon and support are required from the solar equxpfaent 
supplxers in correctly adapting this process to solar equipment 
requirements. EPE has extensive experience in crew sexectxon and 
traiiiing tor the MCS and BOP portxons. The test engxneerxng 
team, a necessary requxrement during the operations phase, will 
be selected from personnel having extensive backgrounds in the 
startup and testing of solar and conventional equipment. 
Traxning or supportxng EPE personnel wxll be an objectxve of the 
team effort.
Operation, maintenance, and testing crews will be given thorough 
training and testing before the startup phase xn preparation tor 
their responsibilities. They wxll be given thorough exposure to 
the constructxon, fabrication, and erection activitxes to piovxde 
familiarity wxth the actual equxpment and as-built drawxngs. 
They wxll also recexve actual operating experience at the Barstow 
Pxlot Plant. Equipment manuals wxll he supplied by the equipment 
vendors and operating and maintenance manuals will be prepcured, 
with input from tne crews, to provxde the oasis tor traxning of 
crew personnel and initial startup and checkout.
Operatxng and maxntenance crews will work with the constructxon, 
installation, and erection crews as components and subsystems are 
completed and operated in their respective checkout modes. 
Hence, as larger subsystems become operational and as the total 
demonstration unit is being carrxed through the checkout and 
startup procedures, the operating crew will be assumxng greater 
responsibility and acquiring familiarity with their assignments.
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Pertinent data will have been generated during the startup and 
checkout activities, and these data will be recorded, analyzed, 
and reported. A detailed operating plan will ne finalized during 
this period that will be executed during the operation phase.
These plans will include tests and operations to verify operation
on a grid and to generate data to promote technology transfer, 
public relations, and other fiinctions that enhance the 
commercialization efforts.
Test and operational plans must be flexible to respond to a wide 
spectrum of steady state and transient conditions that will be 
typically imposed on a solar powered unit as a result of the 
uncontrollable variation in environmental conditions. 
Unpredictability of occurrence of environmental phenomenon will 
further complicate planned operations. The operation plan must 
therefore account for all actions possible to maintain plant 
readiness and to operate whenever environmentally permissible.
The operation and test plans will be executed during tne 
operation phase. Upon completion of a predefined period of joint 
utility/DOE operation, a Final Operations Report will be prepared
to summarize the results of the operation phase. It will include
technical data, definition of design and operational problem 
areas, and recommendations for futture design and operations;
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7.6 SCHEDULE AND MILESTONE CHART
Approximately 51 months are required between initiation of the 
preliminary design phase and full operation of solar repowered 
Newman Unit 1.
Figure 7.6-2 summarizes the major milestones that would occur 
following initiation of preliminary design work in October 1982.
Figure 7.6-1 provides a more detailed schedule showing activities 
during tne design, construction, cneckout, and startup phases.
Construction work is started approximately 27 months after 
contract award. When construction is 18 months into field work, 
system checkout and startup commences. The plant will be 
operational by approximately December 1986. At this time, solar 
repowered Newman Unit 1 will operate on-line and produce power to 
the grid.
Lead time for design, fabrication, installation, and checkout of 
collector and receiver hardware will have a inajor impact on the 
overall project schedule. Preliminary estimates of schedule 
requirements for these activities were provided oy potential 
vendors.
Figure 7.6-3 summarizes an estimated schedule for heliostat design, fabrication, installation, and checkout. Similarly, 
Figure 7.6-4 summarizes the time required tor engineering, 
fabrication, and erection of the receivers. An 8-month 
procurement cycle was assumed tor each of these major 
procurements. Any major variation in these two schedules would 
have a significant impact on the ccmipletion date tor this 
project. However, since unit operation can begin with a partial 
heliostat field in place, the collector subsystem installation 
schedule is less critical than receiver installation.
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