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APPENDIX A

SELECTION OF PREFERRED SYSTEM

This section of the report summarizes the selection process
resulting in the most practical system configuration for solaxr
repowering Newman Unit 1. Section A .1 presents the
characteristics of the alternative system configurations
evaluated along with the rationale for selecting water/steam
central receiver technology for this application. Section A.2
summarizes the results of the subsystem trade studies leading to
the selection of specific solar components and the heliostat
fiela geometrystower location. The system trade study results
are presented in Section A.3 including the —rationale for
selecting the preferred system configuration and the solar
repowering percentage. Section A.4 summarizes the
characteristics of this preferred system.

A.1 DESCRIPTION OF SYSTEM ALTERNATIVES

The EPE system has a total generating capacity of 1,033 Mwe.
Sufficient land 1s available to apply solar repowering to all EPE
gas and oil-fired units, which represent 922 MWe or 89 percent of
the total system. EPE selected Newman 0Unit 1 for the solar
repowering demonstration program for the following reasons:
(1) widespread market potential exists for solar repowering of
reheat steam turbines similar to Newman Unit 1; (2) more than
14.2 km2 (3,500 acres) ot unencumbered, rlat land 1is available
adjacent to tne Newman Station; (3) the remaining economac 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 (5) the
operating history of the Newman Unit 1 turbine generator has
demonstrated the capability to sustain cyclic operacing
conditions that could result from solar applicataon.

Newman Unit 1 is an 8Z MWe (net) tandem-compound, double-ilow,
reheat steam turbine built in 1960 for baseload duty usang
natural gas as the primary fuel (oil as a limited alternate fuei
source) . The Baseline Configuration for solar repowering Newman
Unit 1 utilizes water/steam central receiver tecnnology to
provide main steam to the high pressure stage 10.1 MPa/538°9C and
reheat steam to the 1intermediate stage 2.9 MPa/5389C of the
turpine generator. Fossll energy is used to supplement solar
generated steam for intermittent cloudy day operation and ior
economic dispatch when solar energy is not available. This
configuration was selected during the proposal preparation phase
on the basis of providing an economically attractive system
(estimated cost/value ratio of 0.75 - see Section A.3) with
winimum technology risk for operation in 1985 with hardware
procurement beginning approximately &4 years earlier.
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The rationale for EPE®s choice of water/steam as the working
fluid in its solar repowering conceptual design is that
water/steam systems are the simplest, lowest technology solution
to solar repowering existing generatang units and will,
therefore, minimize technical risk.

Some of the advantages of water/steam usage as a working fluad
are:

Water/steam is a technology tamiliar to the utility industry.

No special considerations are required in the boiler loop of
a water/steam system.

Water/steam systems use proven materials in proven
applications; the behavior and lifetimes of tne materials are
known under all expected operating conditions.

The guestion of technical risk will be an important one in early
solar repowering demonstrations. The goal of a solar rzapowering
demonstration will be to verify the tecnnical viability of solar
repowering concepts and developed hardware and it will serve as a
necessary sStepping stone to later large-scale stand—-alone soiar
facilities. EPE Dbelieves that the solar repowering design
developed for Newman Unit 7 minimizes technical risk since it
incorporates proven, standard water/steam technology. Thais
minimization of technical risk is important to the conservative
electric utility industry.

Expanding on the tecnnical risk 1issue, an unfavorable solar
repowering demonstration may 11mply that solar is nct an
acceptable generation alternative for the 1990°'s. In EP&®s
opinion, the system chosen for an initial demonstration must have
a high probability to successfully prove that it may be suitaply
constructed and operated, widely integrated into electric utility
systems, and that it satisfies the national interest aspect of
the overall solar research program.

Table A.1-1 has summarized <the characteristics of the Baseline
Configuration. The neliostat field was sized to provide a
repowering fraction of 75 percent at an 1insolation level of
950 W/m2 at 2 p.m. winter solstice. The heliostat field
consisted of 4,735 heliostats (81.8 m2 mirror area each) and
provided 225 MWt to receivers mounted on a tower at an elevation
of 170 m.

The principal solar/fossil interface petween the existing Newman
Unat 1 and the solar subsystem for the Baseline Configuration
consists of (1) steam supply piping interface from the solar
(both primary and reheat receivers) and the fossil steam
generators, (2) reedwater piping intertace supply to the solar
and fossil steam generators, (3) control interface between the
fossil and solar subsystems, and (4) power supply intertface to
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the heliostat field, primary and reheat receivers, valves, and
pumps.

Steam generated by the solar subsystem 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 solar gJgenerated steam is the
primary means of ensuring that temperatures are maintained within
turbine design limits. However, if required, heat flux control
may be accommodated within the heliostat field controls. Solar
generated steam is used wnhenever available, witnh fossil steam
generation replacing any steam flow reduction due to intermittent
cloud cover and for economic dispatch.

The feedwater supplied to each steam generator matches the steam
flow and pressure requirements of each unit by means of a
coordinated control system. The control system of the existing
unit will be modified and interfaced with the solar system Dby
means of a master control system.

The heliostats employed 1in the collector field for design
analyses are the Westinghouse Second Generation Heliostats, which
have a glass reflective suriace area of 81.8 m2 (880 ft2), an
aspect ratio of 1.5:1, a weight of 3,725 kg (8,200 pounds). This
heliostat concept was selected as representative of the class of
configurations that will be available in 1985 for solar
repowering applications.

The external central receaver concepts (praimary and reheat)
employed for the Baseline Configuration are based on the advanced
water/steam pumped recirculation central receiver technology
being developed oy DOE. This boiler technology is well Xxnown
throughout thne utility industry. Primary receiver length is
27.8 m and the diameter is 18.4 m. Length of the reheat receiver
is 5.0 m with a diameter of 18.4 m. This technology was selected
over the once-through boiler technology (see Section A.2.2) on
the basis of utilizing commercial/utility boilex design
approaches, utilizing conventional boiler materials with known
properties and demonstrated lifetimes, having the Jgreatest
potential to sataisfy intermittent cloudy day operating
requirements, minimizing maintenance, being available for a 1985
demonstration, and being more compatible with existing water
treatment facilities and flow requirements of the existing
recirculating boiler.

Table A.1-2 summarizes the cost estimate for +the Baseline
Configuration for the demonstration unit and for the Nth
commercial unit. These cost estimates evolved during the
performance of the subsystem trade studies and were continuously
updated during the performance of the system configuration
evaluations.
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The data presented 1in Table A.1-2 were used for the EPE system
network analysis (Section A.3) to select the overall
site-specific system configuration (but not necessarily the
geometries for specific subsystems such as the heliostat field)
and are based on utilizing a separate heliostat/receiver/tower
subsystem located adjacent to the turbine building for supplying
the reheat steam conditions, as opposed to the field location
established for the Baseline Configuration as 1indicated in
Table A.1-1. It should be further noted that the Preferrad
Configuration selected from the <trade studies provides a
heliostat north field geometry with a single tower, located
adjacent to the turbine building, supporting both the primary and
reheat receivers. The selected configuration does not inifluence
the relative comparisons of the system alternatives since each
alternative can utilize the north field geometry; rather, the
primary effect 1s a reduction in the magnitude of the cost/value
ratios which will be presented in Section A.3.

Four alternate configurations (Table A.1-1) were developed to
assess the pertrormance, economic attractiveness, ease of
operation and maintenance, and environmental and safety impact of
the Baseline Configuration. The alternate configurations were:
(1) a configurataion incorporating thermal energy bufier storage
subsystems (15 to 30 minute capacity) in the primary and reheat
steam flow paths, (2) a configuration incorporating thermal
energy buffer storage in only the primary steam flow path with an
auxiliary fossil fueled boiler used to supplement the solar
generated reheat steam, and (3) a configuration using solar
energy (with the option of bpuffer storage, the fourth
configuration) to provide primary steam to the high pressure
stage and using fossil energy, through incorporation of an
auxiliary boiler, to provide reheat Steam conditions.
Alternate 2 was eliminated from further consideration during the
initial performance of the trade studies on the basis of being
less cost effective than the other system configurations while
not offering any benefit in terms of improved operations, reduced
maintenance, or ennanced reliability. The cost estimates for the
alternate configurations are presented in Section A.3.
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2.

CONFIGURATION DESCRIPTION

a)
(v)

{c)

@)

(e)

REPOWERED UNIT CHARACTERISTICS

@)

(b)
(©)
(a)

(e)

Primary Steam

Reheat Steam

Buffer Storage

Intermittent Cloudy Day

Economic Dispatch

Unit Type

Unit Rating
Repowering Percentage

Collector Subsystem

Field Configuration

Field Area

Heliostat Area

- Number of Heliostats
Primary Receiver

= Type

- Size

- Heat Loss

TABLE A.1-1

SOLAR REPOWERED NEWMAN UNIT 1 CHARACTERISTICS
OF ALTERNATE SYSTEM CONFIGURATIONS

Baseline
Configuration

Solar

Solar

Fossil Boiler

Fossil Boiler

Reheat Steam
Turbine

79.6 MWe

75%

360

1.7 km
387,100 m
4,735

External

18.4 m dia by
27.8 m long

25 MWht

Alternate 1

Solar
Solar
Primary/
Reheat

Buffer Storage

Fossil Boiler

Reheat Steam
Turbine

79.6 Mwe

75%

360

1.7 km
387,100
4,735

External

18.4 m dia by
27.8 m long

25 Mvht

1o0f 3

Alternate 2

Solar

Solar

Primary

Buttfer Storage/
Auxiliary
Heater

Fossil Boaler

Reheat Steam
Turbine

79.6 MWe

75%

360

1.7 km
387,00 m
4,735

External

18.4 m dia by
27.8 m long

25 MWwnt

Alternate 3

Solar

Auxiliary
Heater

Fossil boiler

Fossil Boiler

Reheat Steam
Turbine

79.6 MwWe

64%

360
1.7 km
329,000 m

4,025

External

18.4 m dia by
27.8 m long

25 MwWht

Alternate &

Solar

Auxiliary
Beater

Pramary

Butrfer Storage/
Auxiliary
Heater

Fossili Boiler

Reheat Steam
Turbine

79.0 MiWe

ou%

360
1.7 xm
329,000 m

4,025

LXternali

18.4 m dia by
27.8 m long

z5 MWnt
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£)

(9)

(h)

(1)

Reheat Receiver

- Type

Size

Heat Loss

Tower

Number

Heaght

EPGS

Gross Unit Efficiency

Net Unit Efficiency
(Solar/FPossil)

Turbine

Port Load

Minimum Output

Heat Rejection

Fossil Boiler

Type
Rated load Efficiency
Part Load

Startup Energy

Bank Energy

Baseline
Configquration

External

1.4 m dia by
5.0 m long

5 MwWwht

170 m

41.3

37.5/39.5

10.1 MPa/5380C/
5380C

EPE Correction
Curve

8 MwWe

Wet Cooling
Tower

Gas/011
B4 ..L4%
84.4%

106x10 kJ
(100 MBtu)

TABLE A.1-1 (Cont)

Alternate 1

External

18.4 m dia by
5.0 m long

5 MwWwht

170 m

41.3

37.5/39.5

10.1 MPa/5389C/
5380C

EPE Correcticn
Curve

8 MWe

Wet Cooling
Tower

Gas/0il
84 .4%
84 .48

106x10 xJ
(100 MBtu)

15.8x10 kJ/startup----

{15 MBtu/startup)

2 0f 3

hlternate 2

External

18.4 m dia by
5.0 m long

5 Mwht

170 m

41.3

37.5/39.5

10.1 MPa/5389C/
5340C

EPE Correction
Curve

& MWe

Wet Cooling
Tower

Gas/01il
84.4%
TN

106x10 xJ
100 MBtu)

Alternate 3

155 m

41.3

37.5/39.5

10.1 MPa/538°C/
538eC

EPE Correction
Cuxrve

8 MWe

Wet Cooling
Towex

Gas/011
BU4.u%
84.u4%

106x10 kJ
(100 MBtu)

Alternacte &

155 m

41.3

37.5739.5

10.1 MPa/530°%C/
5389

EPE Correction
Curve

8 MwWe

wWet Coolang
Tower

Gas/011
BY 4%
Bd.4%

106x10 xJ
(100 MBtu)

15.8x10 kJ/Startup—---

{15MBtu/startup)
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- Minimum Standby
{3) Auxiliary Heater
- Startup Energy/

Bank Energy

- Efficiency
(k) Buffer Storage

- Size

- Efficiency

— Turbine

Baseline

Configuration

36%

-——

TABLE A.1-1 (Cont)

Alternate 1

15 Min
100%

4829C/u820C

3 0f 3

Alternate 2

37.1x10 kJ
(35 MBtU) /
8x10 kJ

(7.5 MBtu)

85%

15 Min

100%

Alternate 3

302

37.1x10 kJ
(35 Mbtu)/
8x10 xJ

(7.5 MBtu)

85%

Alternace 4

37.1x10 ko
(35 mBtu)/
8x10 kJ

(7.5 MBtu)

85%

15 Min
1008

B829C



TABLE A.1-2

SOLAR REPOWERED NEWMAN UNIT 1 BASELINE CONFiGUKATION -
75% REPOWERING FRACTIUN (SOLAR REHEAT-SEPARATE TOWER)
REVISED COST ESTIMATES (1980 MILLIONS OF DOLLARS)

Pemonstration Nth

Category Unit Unit
5100 Site Improvements 5.0 5.6
5200 Administrative Areas 1.0 1.0
5300 Coliector Subsystem vo.0 Lo
5400 Recelver Subsystem Liel 19.5
Primary Receaver (10.5) (8.4)
Reheat Receiver ( 2.8) (2.2)
Pramary Tower ( 2.4) {2.4)
Reheat Tower { 1.0) (1.0)
Primary Piping { 4.5) (4.5)
Reheat Piping ( 1.0) (1.0)
5500 Master Control Subsystem 4.0 1.1
5600 Nonsolar Energy Subsystem 0.5 0.5
5700 Energy Storage Suonsystem 0 0
5800 £lectric Power Generating Subsystem 3.4 2.2
Total Direct Cost 123.3 52.1
Contingency ana Spares (15 Percent) 18.5 7.8
Indirect Costs (15 Percent) 8.5 1.8
Total Capital Investment 160.3 67.7
AFUDC (20 Percent) _32.0 3.5
Total Capitalization 192.3 81.2
Annual O&M (3 Percent) 5.6 2.4

1 of 1
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A.< SUBSYSTEM ANALYSIS RESULTS

This section presents the trade-off study results for the
collector, receiver, and thermal energy butfer storage
subsystems.

B.2.1 Collector Field Studies

The Baseline Configuration utilizes a 360° field of heliostats
located north of Newman Unit 1. The primary anc reneat receivers
are located at the top of a single tower that is approximately
0.762 km (2,500 teet) from the turbine building. Trade studies
were performed for the collector subsystem to assess the merits
of (1) alternate field locations, (2) north rfield with the tower
adjacent to the turbine building (requiring the relocation of
Farm Road 2529) versus the 360° fieid of heliostats for poth the
primary and reheat receivers, (3) a separate helicstat field and
tower for both the primary and reheat receivers, and (4) locating
the reheat receiver at a station below the top of the primary
tower. The results of these <trade studies are summarized in
Table A.2-1. The most cost etfective configuration utilizes a
north tield of heliostats with a single tower housing Lkoth the
primary and reheat receivers located near the turbine building.
The centerline of the reheat receiver for this configuration is
located at a station approximately 50 m below the centerline of
the primary receiver.

This configuration results in an effective cost savings of
approximately 12 milliocn dollars when compared tc the Baseline
Configuration (including provision for relocating Farm to Market
koad 2529 to the north). This cost saving is primarily realized
from a reducticn in the number of heliostats resulting irom the
north field and from savings in primary and reheat pipang
resulting from locating the tower near the turbine puilding.

A.2.2 Water/Steam keceiver Concepts

The Baseline <Configuration defined 1in <the proposal ror sclar
repowering Newman Unit 1 uses first generation water/steam
central receiver technology (once-through boiler) to provide main
steam to the high pressure stage (10.1 MPa/5380C) and reheat
steam to +the intermediate stage (2.9 MPa/538°C) ot the turbine
generator. A trade study was performed to assess the merits of
the application of improved water/steam receiver concepts
(recirculation boilers) to repowering Newman Unat 1.

Four water/steam receiver concepts were reviewed for this
application as follows:
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Receiver Configuration Primary Vendor Contacted

kxternal/Once-Through Eciler Rockwell International

External /Forced Recirculation Babcock and Wilcox
Boiler/Screened Tube Councept

External /Forced Recirculation Combustion sngineering
Boiler

Cavity/Natural Recirculation Martin-Marietta/
Boiler Foster Wheeler

The first concept 1is currently being developed by DO& for the
10 MWe Central Receiver Pilot Plant under construction at
Barstow, California. Full scale, single panel tests of this
concept have been completed at the Central Receiver Test Faciliity
in Albuguergue, New Mexico. DOE as part ot the Advanced
Water/Steam Receiver Program is studying the latter three
concepts. The Phase 71 conceptual design studies were completed
tor each concept in early 1980. A series of meetings was held
with each of the vendors and data packages were provided for use
in tne performance of the EPE Program. Note that the wvendors
indicated a willingness to respond to a future receiver
procurement specification to be issued as part of tne desiagn
vhase of the demonstration program even though the configuracion
may diftfer from their recommended designs. This trade study 1is
theretore concerned only with selecting a receiver concept. A
vendor will be competitively selected 1in a subsequent program
phase.

Table A.2-2 presents a summary of key design, performance, and
cost characteristics for each of these concepts. These data were
developed on the basis of providing a primary receiver thermal
power output of 141 MW whaich 1is eguivalent to a 75 percent
repowering fraction.

The alternate concepts were compared on the basis of the
following criteria: performance, costs, development risk,
operating and maintenance, reliability, safery, and new
technology demonstration. The characteristics of each of the
receiver concepts relative to these criteria are also summarized
in Table A.2-2. The water/steam recirculation boiler technology
was selected for this repowering application over the
once—through boiler technolcgy on the basis of wutilizing proven
commercial futility boilier design approaches, utilizing
conventional boiler materials with known properties and
demonstrated lifetimes, having the greatest potential to satisty
intermittent cloudy day operating reguirements, minimizing
maintenance, more closely matching existing water treatment
facilities capabilities, and being avallable for a 1985
demonstration. The external, pumped recirculation receiver was
preterred to the cavity, natural recirculation receiver on the
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pbasis cf lowest capital cost, comparable performance and
reliabilaty, a delivery schedule more compatible with a 1985
demonstration, less susceptibility to flow stagnation and burnout
in low heat flux regions, and ease of replacement, if necessary,
of the superheater tubes. The comparison was close enough,
however, that EPE would not object to substitution of an intermal
cavity receiver if it was desirable toc demonstrate this concept.

A.2.3 Thermal Energy Buffer Storage (TksS) Concepts

Four thermal energy buifer storage (TkS) concepts were evaluated
to determine 1f the inclusion of butfer storage as part of thne
solar repowering subsystem is cost effective for this
application. A bufifer storage system 1s not technically required
to permit unit operation during intermittent cloudy days since
the existing fossil boiler can be fired at a rate (10-20 pexrcent
steam flow/minute) sufficient to offset most of the anticipaced
insolation transients. Three of the TES concepts utilize low
vapor pressure storage media (HITEC) .

In the first concept, the charging steam from the receiver is
first desuperheated, condensea, and subcooled, which in turn
heats the storage media liquid. In this single-set sensible heat
storage system, the maximum achievable storage temperature 1S
less than 3710C (700¢r), therefore, the maximum steam temperature
that can be generated by this TES system 1is less than 3430C
(650°F) .

The second TES concept uses a twc-set sensible heat storage
system. In this councept, the superheated charging steam supplies
energy to a high temperature sensible heat storage set, while the
latent heat and subcooling of the charging steam are utalized in
heating a low temperature sensible heat storage set. Tne high
temperature storage set has a top storage temperature of 5100C
(950°F), sufficient to produce superheat steam #482°C at a
pressure level compatible with the intermediate pressure (IP)
turbine.

The third TES concept stores only the enerqgy trom the superheat
ot the charging steam, while the saturated steam is then directed
to the feedwater heaters. This concept can provide primary and
reheat steam at a temperature or 482°C (9000F).

The tirst concept was discarded on the pasis of not having the
temperature capability to buffer the high pressure stage
transients. Due to the increased number of heat exchangers and
storage vessels, the second concept was judged to be more costly
than the third approacn. The third concept was developed in
further detail to establish a capital cost estimate.

Figure A.2-1 shows a flow schematic tor this low vapor pressure

storage media (RITEC) concept. The acnievable heat rate is about
9,411 kJskwh (8,920 BtuskWh) with a net electrical output of 73
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MWe; the reduced output resulting from the reduction 3in steam
temperature to U482°C. This concept also hnas a very lamitec
(slow) charging rate. For example, 1f only the first point
teedwater heater is supplied by the saturated steam frcm the
charging circuit, it would require 4 hours to fully charge the
TEs (15 minutes to discharxge). The capital cost estimate for
thlis concept is approximately 6 million dollars (as indicated on
Figure 3.2-1).

In the low vapor pressure storage media concept, the cost of the
heat exchangers comprises the greater part ot the total ThS cost.
Therefore, the fourth concept studied minimizes heat exchanger
components in an effort to reduce cost. A variable pressure
accumulator (VPA) 1is utilized to minimize the neat transtrer
surtace area. The flow schematic of the TES system 1s shcwn in
Figure A.2-2. In charging this system, the superheat of the
charging steam is transferred to the high temperature sensible
heat set, and the 1latent heat 1s transferred to hot water.
Assuming the VPA tully-charged pressure is 10.3 MPa (1,500 psia)
and the fully-discharged pressure 1is 3.4 MPa (500 psia), then
when fully discharged, 90 percent of the accumulator volume 1S
filled with saturated high temperature water at 3139C (5Y469°F),
with a cushion or saturated steam {(at the same temperature and
pressure) above it. In the discharge mode, steam is drawn from
the top as the pressure 1n the steam cushion decreases; some of
tne water 1in the vessel tiashes to steam. The steam from the
accumulator is superheated to 482z9C (900°F) in the single heat
exchanger and directed to the IP turpine. As flasining to steam
is continued, the water decreases in temperature, the saturation
pressure decreases, and the water level is lowered by the amount
of water converted to steame. In the discharged state, the
accumulator water volume 1is 60 percent. In this concept, all
evaporation and steam generation are internal to the VPA. Tne
heat rate is about 11,078 kJ/kWwh (10,500 Btu/xWh) and produced a
net electrical power cf 54 MWe. The capital cost estimate for
this concept 1is approximately 5 million dollars as shown in
Figure A-2; the major cost item is the accumulator.

The wvalue of thermal enerygy buffer storage for tnis solar
repowering application was established by dispatching the
Baseline <Contiguration and Alternate 1 (Table A.1-1) on tne EPE
system (see Section A.3). This analysis 1indicated that the
capital cost of the thermal energy buffer storage subsystem tor
providing primary and reheat steam must De Jless +than §1.5 to
$2.5 million to be cost eifective for solar repowering Newman
Unit 1; otherwise, it i1s more cost effective to utilize the
existino fossil boiler to supplement the solar generated steam
for operation ot the unit during cloudy days, provided the boiler
can accommodate such supplemental operation. Since none of the
concepts evaluated have projected capital costs close to thas
range and since the boiler 1itselt does not present any
unreasonable operational constraints, the inclusion of a thermal
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energy buffer storage subsystem is not recommended for this
application.
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1. Configurataion Description
Solar Repowering Fraction (%)
Pramary/Reheat Field
No. of Towers
Primary/Reheat C/L Height {m)
Outermost Heliostat Radius (m)

2. Primary Receiver

Type
Size (m)

3. Reheat Receiver

Type
Size (m)
4, No. of Heliostats

Primary
Reheat

5. Thermal Power (2 PM Winter Solstice)

Primary (MWt)
Reheat (MWt)

6. Demonstration Unit Cost (1989 MS$)

Collector Subsystem

Receiver Subsystem
Primary Receiver
Primary Tower
Primary Piping
Reheat Receiver
Reheat Tower
Reheat Piping

TOTAL

TABLE A.2-1
COLLECTOR SUBSYSTEM - TRADE STUDY RESULTS

Baseline
Contiquration

Separate 360°
Reheat Field

75 75
3600,/3600° 360°/300°
1 2

170,155 159706
820 770
External External

16.5 dia x 24.5 long 15.0 dia x 27.0 long

External
9.9 dia x 11.5 long

External
16.5 dia x 5.0 long

4023 4048
72 702
191 193

34 34

86.0 86.3

10.5 10.5
2.9 2.6
3.7 3.7
2.8 2.8
——— 1.0
4.0 2.5

109.9 109.4

1 o0of 1%

Separate N-Reheat
FPield

5
360°Nozxth
2

1597132
770

External

15.0 dia x 27.0 long

External

16.5 dia x 1.5 long

4048
605

193
33

North Fieid

7
160° N/160° N
1

190/132
1100

External
15.0 dia x 20.0 long

external
15.0 dia x 20.0 long

3790
015

192

80.0
10.5
3.1
1.3
2.8
1.8

99.5
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Criteria
Performance

Outlet Temperature

Outlet Power
Efficiency
Capital Costs
Development Risk
Time Frame
(from Contract Date

through Checkout)

Risk

Operating Maintenance

TABLE A.2-2

CHARACTERISTICS OF ALTERNATE RECEIVER CONCEPTS

Receiver Alternatives

Cavity Configuration
Natural
Recirculation Boiler

5160C
5559()

{Scalaple to

T MW
96 - 89%

11.5M §

5 Years

Low risk design with
well established boiler
technology, consexrva-
tive design approach,
and less risk associa-
ted with coating degra-
dation.

Conventional boiler and
simple control systems
with no pumping.

Relatively slow
transient respcnse.

Cavity may reduce
impact of cloud
cover transients.

Replacement of panels
is more ditficult for
cavity than external
configuration.

External Configuration
FPorced Recirculation
Boiler

Screened Tube Concept

516°C (Scalable to
555eC)

141 MW
85 - 873

10.5M $

3.5 Years

Low risk design with
well established boiler
technology, conserva-
tive design approach,
and small raisk associa-
ted with coating degra-
dation due to screened
tubes.

Conventional boiler
with forced pumping and
control system.

Ripbed tube design
enhances stability.

Continuous pumping
power 15 requirede.

Panel concept enhances
replacement time.

1of 2

txternal Contiguration
One Pass Once-Through
Steam Generator

External Configuration
Forced
Recirculation boiler
High Temperature Concept

516°C (Scalaple to
5559()

U1 M
84 ~ 86%

1B.4M 3

3.5 Yeaxs

High risk desagn witn
boiler technology that
reguires verificaion to
handle dynamic varia-
tions.

Design less conserva-
tive in terms of tube
size and contrxol
systems.

Most complex system
with complex control
and pumping system to
react to transients.
Small orificed tubes
may be susceptible to
plugging.

5550C
5940C)

(Scalable to

U1 MW
85 - 87%

7.9M §

4 Years

Intermediate risk with
well established boiler
technology; however,
less conservative design
approach and greatexr
risk associated with
coating degradation.

Conventional boiler
with forced pumping and
control systeém.

c<ontinuocus pumping power
is required.

superheater exposed to
larger heat flux
gradients with oriticing
required to match tiow
with gradient.



Criteria

Reliability

Satety Factors

New Technology Demon-
stration

TABLE A.2-2 {(Cont)

Cavity Configuration
Natural
Recirculation Boiler

Highest reliability due
to simplest design with
passive pumping and
control.

Natural circulation may
be susceptible to
reverse or stagnant
flow leading to a
burnocut in low heat
flux area.

kxposure due to poten-—
tial stagnation in low
heat flux zones.

First system demonstra-
tion of cavity concept.
Natural recirculation
boiler in solar appli-
cation.

External Configuration
Forced Recarculation
Boiler
Screened Tube Concept

Intermediate reliability

with forced pumping and
control system for re-
circulating boiler.
Screen tube design re-
duces and flattens
superheater heat flux
and enhances litetime.

Steam exposure aue to
failure in recircula-
ting pump and control
system are failures
peculiar to torced
circulation system.

Forced recirculation

boiler an solar appli-
cation.

2 of 2

Receiver Alternatives

£xternair Configuration
One Pass Once-~Through
Steam Generator

External Configuration
Forced
Recirculation Boiler

Hagh Temperature Concept

Lowest reliability due
to complex orificing.

fPumpaing and flow con-

trol system for once-—

through boiler.

Most susceptible to
DNB .

Greatest potential for
failure - most complex
pump and control sys-—
tem add failure modes
leading to steam ex—
posure .

Repeat ot Barstow
demonstration.

intermediate reliability
with torced pumping and
control system for re-—
circulating boilex.
Higher quality of 0.5
makes tube design more
susceptible te DNB,
although rabbed tube
concept may offset
problem.

Stea exposure due to
failure in recircuiating
pump and control system
are tailures peculiar

to forced circulation
system.

Forcea recixculation
boilexr in solar appli-
cation.
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CHARGING

FLOW SCHEMATIC

DISCHARGING

DESUPERHEATER

O

—
STEAN

TO FEEDWATER
MEATERS
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T0 1.0,

TURBINE

SUPERMEATER

REHEAT

2

BOILER

PREHEATER

@ -

FEEDWATER

FROM H,.P,
TURBINE

COST ESTIMATE (1980 M $)

Desuperheater
Boiler
Superheater
Reheater

High Temperature
Storage Tank

Low Temperature
Storage Tank

Hitec
Hitec Pumps
Piping

Total

FIGURE A.2- 1|

LOW VAPOR PRESSURE STORAGE
MEDIA CONCEPT USING
DESUPERHEAT TO CHARGE SYSTEM

1.19
1.88
1.02
0.79
0.22

.16

0.61
0.12
0.03
6.02
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FLOW SCHEMATIC

CHARGE

14

70 1.P,
[YURBINE
FROM
RECEIVER DlSCHEBGE
DESUPERHEATER/|
SUPERHEATER
{
i
et

74

VARIABLE
PRESSURE
ACCUMULATOR

COST ESTIMATE (1980 M $)

Variable Pressure Accumulator
High temperature storage tank
Low temperature storage tank
Hitec
Hitec Pump
Condenser/superheater
Piping

Total

FIGURE A.2-2

3.94
0.13
0.09
0.06
0.02
0.76
0.02
5.01

VARIABLE PRESSURE ACCUMULATOR

HEAT STORAGE CONCEPT




A.3 SYSTEM ANALYS1S RESULTS

The integration of solar repowered units into electric utility
systems raises a number of questions as to the value of the
repowered units, problems they might intrcduce, and requirements
that should be placed upon them. In addition to technical
teasibilaty, economic and reliability impacts are a major concern
to £PE. 'This involves the cost of repowering, the quantity of
fossil fuels displaced, a potential capacity credit for unit life
extension, and the reiiability ot the solar repowered unit.

A cost/value analysis was pertormed to evaluate solar repowering
of Newman Unit 1 on the EPE system. The analysis was performed
using the methodology and computer programs developed by
Westinghouse as part of £PRI Contract RP-648. The following
gerieral assumptions were made for analyses:

1985 initial year of operation

EPE planned system modeled

Solmet weather data tor El Paso/typical meteorological year
Solar plant model developed as part of EPRI RP-648

Newman Unat 1 operated to maximize the benerit of solar
repowering

Newman Unit 1 coperated from either solar, fossil, or a
combination of solar and fossil modes

Day®s insolation prorfile and load demand known in advance
Thirty-year operating life

The characteristics of the planned (1985) EPE system were modeled
in detail. Hourly load demand, generation unit descraptions, and
conventional fuel constraints were considered. Eighty-nine
percent of the present LEPk system generation capacity is composed
of gas- and oil-fired units; however, by 1985 this percentage is
expected to be reduced to approximately 50 percent by the planned
addition of nuclear baseload units. Thne gas- and oil-fired units
will be operated primarily on gas petween 1985 and 1990. because
of the existing Pederal regulations restricting the use or
natural gas as a utility fuel after 1990, operation will be
mostly on o0il beyond this date. For the analysis it has been
assumed that all gas- and oil-fired units operate on gas from
1985 to 1990 and on oil beyond 1990.

Two economic scenarios were defined by EPE for use an the
analysis (Table A.3-1). Except for the escalation rate for gas
and oil, the scenarios are identical. The A scenario assumes an
8 percent escalation rate and the B scenario a 12 percent rate.
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The solar repowered Newman Unit 1 is dispatched on the EPE system
to maximize the benetit derived from solar repowering. The
apility to operate on fossil fuel has been maintained in the
repowered unit. The unit can operate and produce rated power
using steam generated from the solar receiver (primary and
reheat), the fossil boiler, or a combination of solar producea
steam and fossil during cloudy days. A cloudy day for the
purpose of the cost/value analysis is defined as a day during
which sky cover exceeds 0.5 for 2 or more consecutive hours.

In general, any day in which sky cover exceeds 0.3 can be
classified as cloudy. As part ox EPRI Contract RP-648-1, a
comparison between insolation transients (for various degradation
levels and time periods) and sky cover for a range ot 0.3 to 0.7
for Albuguerque, New México indicated that a correlation between
these variables was not possible from the existing data base.
For example, a sky cover of 0.3 on the data records may
correspond with more insolation transients of greater rmagnitude
and longer duration than a sky ccver of 0.7 and vice versa. A
sky cover value of 0.5 was selected until improved weather
records and data on SKy cover versus insolation transients are
available for the El1 Paso region, or until planned pilot plant
experiments for solar thermal electric plants produce data
indicating a correlation between sky cover and plant operating
capabilities on "“solar only."

The operation scenario assumed for the fossil boiler is importent
in determining the economic benefit of soclar repowering. In
order for the exastaing Newman Unit 1 boiler to pe capable of
responding to insolation variations auring periods of
intermittent cloud cover and to produce 538°C (1,000%F) steam
from both the primary and reheat sections, the boiler must be
operating at a minimum of 36 percent of rated thermal output.
The boiler response time to achieve 100 percent rated output
(steam flow) from this operating level is less than 10 minutes.

Two boiler operating scenarios were evaluated for the repowered
unit:

Fossil Boiler Is Operated Only on Cloudy Days

The fossil boiler is assumed to be started from a cold
condition for each cloudy day and also on those days it 1is
economical to dispatch the unit on fossil tuel relative to
the balance ot the EPE system. A 6-~hour startup period is
typical zfor the boiler in order to reach 36 percent of rated
load. The fossil boiler is maintained in this minimum load
condition (36 percent of rated load) throughout the cloudy
day. The boiler firing rate is increased if it is economical
to supplement the steam produced by the solar receiver (when
compared to generating the equivalent power using units on
the bpalance of the EPE system) or when it is required to
overcome cloud-produced insolation transients in order to
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maintain rated steam conditions at the turbine inlet. With
this scenario, the fossil boiler is shut down at the end of
each cloudy day unless economic dispatch considerations would
continue its use.

Fossil Boiler Is Operated Daily

This second scenario assumes that the fossil boiler is only
shut down to a cold condition for routine or forced
maintenance; three cold starts are assumed throughout the
year. During cloudy days when the plant 1is operating from
solar generated steam, the fossil boiler is maintained in a
hot condition similar to the above scenario. At the end of
the day, however, the boiler may be banked (pending economic
dispatch of the unit on fossil fuel) and maintained in a warm
standby condition overnight. The boiler is also banked
during clear days or when it is not economical to operate the
plant in either solar or fossil modes. No fossil energy is
required to maintain the Newman Unit ' boiler 1in a warm
standby condition for periods as long as several days; for
longer periods the boiler must be intermittently fired. The
boiler can then pe fired to achieve the 36 percent of rated
output point from the warm standby condition in approximately
2 hours.

The latter boiler operating scenario was selected for Newman
Unit 1 on the basis of requiring less fossil fuel to operate the
unit and thus resulting in a more tavorable cost/value ratio.

This operating scenario was used for most of the costy/value
analysis.

Table A.3-2 summarizes the results of the cost/value analysis ror
the Baseline Configuraticn (detined in Table R.1-1). These data
indicate that <the Baseline Configuration results in substantial
fossil fuel savings that are egquivalent to approximately 110,000
barrels of o011 per year and has the potential (Nth unit) to be
economically competitive (depending on the fossil fuel escalation
rate) on the EPE system. In addition, the data show that the
repowered Newman Unit 1 is economically dispatched wusing fossil
fuel due to its high efficiency of operation.

The Baseline Configuration (Table A.1-1) was a solar repowering
fraction of 75 percent. This repowering fraction was found to be
close to optimum at 75 percent. Solar repowering tractions of
25, 50, and 100 percent were also considered; these fractions
correspond to 1,578 heliostats having a glass area of
82 m2/heliostat comprising the collector field, 3,155 heliostats,
and 6,315 heliostats, respectively. Figure A.3-1 presents the
results of this analysis. The results indicate that the lowest
costy/value ratio 1s fairly insensitive to repowering rractions
between 50 and 100 percent. The insensitivity of the cost/value
ratio to repowering fraction (which was not observed in previous
analyses performed for other southwestern utiliites) primarily
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results from a favorable economic dispatch oi the repowered
Newman Unit 1 on the EPE system on fossil fuel.

EPE operating personnel have established that, for a
demonstration unit, the minimum repowering £fraction cousidered
acceptable to adequately demonstrate the engineering, operating,
and maintenance aspects of soiar repowering is 50 percent. As
1llustrated in Figure A.3-1, little economic incentive exists for
considering repowering fractions greater than 50 percent.
Therefore, the conceptual design of the preferred concept for the
demonstration unit will be based on a 50 percent repowering
traction.

The operating scenario for the Baseline Configuration
(Table A.1-1) assumes that the fossil boiler, as noted above, 1is
maintained at a firing rate equal to 36 percent of rated
electrical output in the hot condition. Tne sensitivity of tne
cost/value ratio +to variation of firing rate percentaye was
evaluated by considering steam flows representing 28 and
50 percent of rated electric output; the former value correspords
to EPE®s spinning reserve (23 MWe output) operating history for
this unit.

The results of this analysis indicate that reducing the hot
condition percentage to 28 percent reduces the cost/value ratio
by approximately 2 percent and that an increase to 50 percent
increases the costy/value ratio by 1less than 2 percent. Once
again, the insensitivity of the cost/value ratio is attributed to
the favorable economic dispatch of this unit on fossil fuel.

The +value of thermal energy buffer storage was established by
comparing the cost/value ratios for tne Baseline Configuration
and Alternative 1 (Table A.1-1). The capitali cost of the thermal
energy buffer storage subsystem for providing primary and reheat
steam must Dbe 1in the range ot 1.5 to 2.5 million doilars to be
cost effective for solar repowering Newman Unit 1; otherwise, it
is more cost etffective to utilize the existing fossil boiler to
supplement the solar generated steam for operation of the unit
during cloudy days.

The above analysis has primarily focused on the Baseline
Configuration. To provide a comprehensive evaluation of the
Baseline Configuration relative to the alternative contigurations
identified in Table A.1-1, a set of evaluation criteria were
developed as tollows:

Cost

Annual electrical energy output

Cost/benefit ratio

Annual fossil fuel savings

Operating and maintenance

Reliability

Environmental, institutional, and safety factors
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Technical risk for 1985
New technology demonstration

Characteristics ot the Baseline Configuration and Alternatives 1,
3, and 4 1relative to these criteria are summarized in
Tabie A.3-3. Alternatives 1 and 4 which include buffer storage
are considered less attractive than the configurations without
buffer storage. The primary reason is that a buffer storage
subsystem is not cost effective for solar repowering Newman
Unitc 1. A Dbufier storage subsystem is likewise not technically
required to permit unit operation during intermittent cloudy days
since firing of the existing fossil boiler can be increased at a
rate surficient (10-20 percent steam flow/minute) to offset most
of the anticipvated 1insolation transients. The inclusion or a
butfer storage subsystem 1in the demonstration wunait could be
accommodated if desirea by DOE to demonstrate this technology and
would result in a modest savings in fossil fuel as indicated in
Table A.3-3; however, the fuel savings are not expected to offset
the anticipated capital cost (Section A.2). In addition,
maintenance requirements will be increased, reliability will be
reduced, and technical risks and costs assoclilated with a system
configuration utilizing a fast response buffer storage system
will be increased in comparison to the Baseline Configuraticn.

In general, the Baseline Configuration 1s more attractive than
Alternative 3 for this repowering application. Table A.3-4
summarizes the strengths and weaknesses of these twwo
configurations relative to the evaluation criteria. The primary
factors in the selection of the Baseline Configuration over
Alternative 3 is that it nas the more tavorable cost/value ratio,
it otfers the Jgreatest potential to conserve fossil fuel
resources, and it provides the capability to demonstrate solar-
only operation with relatavely small penalties in terms ot
operating and maintenance constraints, anéd it is most reliable.
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TABLE A.3-1

EPE ECONOMIC SCENARIOS (1985)

A B
Present Worth Discount Rate 12% 12%
Carrying Charge Rate 16% 10%
Capital Cost, $/kWe 300,/600,1400/1700 300,600/1400,/1700

(c—t/c—-c/coal/nuc)
Fuel Cost ($/MBtu)

Gas/#6 O11/#2 011/#4 Oil/ 3.66/6.5/7.5/7.53/1.5/1.0 3.66/6.5/7.5/7.53/1.5/1.0

Coal /Nuc

Fuel Escalation kate (%) 8/8/1/7 /127177
{gas/oil /coal /nuc)

Capital Escalation Rate 8% %

ObM Escalation Rate ™ )

9-¢°VY
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TABLE A.3-2

COST/BENEFIT ANALYSIS RESULTS FOR BASELINE CONFIGURATION
FOR SOLAR REPOWERING NEWMAN UNIT 1 EPE SYSTEM/ECONOMIC

SOLAR REPOWERING FRACTION (75 PERCENT)

Direct Plant Cost

Plant Cost
(PWRR, MS$)

Capital
Operating
Total

Value (PWRR*, M$)

Fuel Escalation
Rate

Fuel Savings
Fuel Cost
Variable O&M
Capacity Credit
Total

Cost
(mills/kWwh)

Cost/Benefit
katio

Energy (10¢kWwh)

Capacity Factor

* Present worth of

(106 1980 Dollars)

Demonstraticn Dnit Nth Unit
123.3 52.1
206.6 87.3
71.8 30.2
278.4 117.5
8 12 8 12
Percent Percent Percent Percent
110.6 186.0 110.6 186.0
-2805 -u8.3 -28-5 -u8.3
3.5 3.5 3.5 3.5
10.2 30.2 10.2 10.2
95.8 151.4 95.8 151.4
190.0 212.0 94 .6 107.5
2.9 1.84 1.23 0.79
191.3 191.3
0.265 0.265

revenue requirements method

1 of
A.3-7
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Criteria

Cost (Total
Capitalization)

Annual Elec-
trical Energy
Output

Cost/Benefit
Ratic (&% Fuel
Escalation)

Annual Fossil
Fuel Savings

Egquivalent
bBarrels of
0il/Year

Operating and
Maintenance
Factors

Reliabality
Factors

TABLE A.3-3

CHARACTERISTICS OF ALTERNATE SOLAR REPOWERING SYSTEMS

System_ Alternatives

Baseline Configuration
Primary Steam - Solar
Reheat Steam - Solar

Buffer Storage -~ None

Alternate 1
Primary Steam ~ Sclar
Reheat Steam - Solar
Butfer Storage -

Demo Plant 92M $
Nth Plant 8MM §$
191 x 106kWh

Demo Plant 2.91
Nth Plant 1.23
109,400

Next to fewest added
components

More complex heliostat
control system

Turbine inlet tempera-
ture control is compli-
cated by sclar reheat
due to fractional
variations in energy
input

Next to most impact on
operator training

Intermediate impact on
reliability

Most heliostats

Control system for
tocusing on 2

Pramary/Reheat
Demo Plant 20 $
Nth Plant 91 $
173 x 10ekwh
Demo Plant .92
Nth Pliant 1.31
115,700

Most added compcnents

More complex neliostat
control system

Turbine inlet temperature
control is complicatea by
solar reheat due to frac-
tional variations in
energy input. Usage of
buffer storage increases
complexity.

Requires most training
of operators

Greatest aimpact on relli-
ability

Most heliostats
Control system for fo-

cusing On Z receivers

1o0f 3

Alternate 3
Praimary Steam - Solar
Reheat Steam -~ Aux Heater

Butfer Storage =~ None

Altexrnate' 4
Primary Steam -~ Solar
Reheat Steam — Aux Heater
Buffer Storage — Pramary

Demo Plant tooM $
Nth Plant m1 3
191 x 106kWn

Demo Plant 3.04
Nth Plant 1.29
80,000

Fewest added ccmponents

Less complex heliostat
control system

Turbine inlet temperature
control is less complex
with auxiliary boiler for
reheat

Least impact on train—
ing of operators

Least impact on reli-
ability

Fewest heliostats

Control system for fo-
cusing on 1 receiver

Demo Plant 170Mm $
Nth Plant 80M $
173 x 108kwh

Demo Plant 3.25
Ntn Piant 1.48
99,000

Next to most added com-~
pouents

Less complex heliostat
control system

Turbine inlet tempera-
ture control is less
complex with auxaliary
boiler for reheat. Use
of putfer storage in-—
creases complexity.

Next to least impact
on training of operators

Intermediate impact on
reliabilatcy

Fewest heliostats

Control system for fo-
cusing on 1 receiver
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Criteria

Environmental,
Institutionai
and Satety
Factors

Technical Risk
for 1985

TABLL A.3-3 (Cont)

system Alternatives

Baseliine Configuration
Primary Steam -~ Solar
Reheat Steam - Solar

Butfer Storage - None

Alternate 1
Primary Steam - Solar
Reheat Steam - solar
Buffer Storage -

Primary/Reheat

receivers

¢ receivers

Less failure modes

Larger terrestrial
field for heliostats

Greatest reduction in
air pollutaon

Development of low cost
heliiostat in progress

Primary solar receiver
requires design and
test to spec.

Reheat receiver re-
quires design and
test to spec.

2 receivers

Buffer storage and con-
nections to 2 receivers

Most faillure modes

Largest terrestrial fieid
for neliostats and bufter
storage

Greatest reduction in air
pollution

Development of low cost
heliostat in progress

Primary sclar receiver
requires design and
test to spec.

Reheat receiver re-—
quires design and
test to spec.

Needs development of
low cost, hagh tempera-
ture, fast response
butfer storage.

z of 3

Alternate 3
Primary Steam - Solar

Reheat Steam - Pux Heater

Burfer Storage — None

Altexrnate 4
Primary Steam - Solar
Reneat Steam — Aux Beater
Buffer Storage — Pramary

1 receiver

0il fired auxaliary
heater may be less
reliable for fast
transient application

Least failure modaes

Smallest terrestrial
field for heliostats

Reduction in air
polliution

Requires Texas Aar
Control Board Lacen-
sing and National Energy
Act variance for new
heater.

Development of low cost
heliostat in progress

Praimary solar receiver
requires design and
test to spec.

Fast response auxiliary
heater requires design
and test to specC.

1 receiver

Burfer storage and con-
nection to 1 receaver

01l rired heater may be
less reliable for rast
transient applicataon

Less falilure modes

Smailer terrestrial
field for heliostats
and buftier storage

Reauction in air
pollution

Regquires Texas Aar
Control Board Licen-—
sing and National &mergy
Act variance 1or new
heater.

Development OI 1ow cost
heliostat in progress

Pranmary soclar receiver
requires design and
test to spec.

Fast response auxiliary
heater requares design
and test to spec.

Needs development of low
cost, high tempera-
ture, rast response
butfer storage
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New Technology
Demonstration

TABLE A.3-3

System Alternatives

Baseline Configuraticn
Primary Steam - Solar
Reheat Steam - Solar

Buffer Storage — None

Alternate 1
Primary Steam - Solar
Reheat Steam - Solar
Buffer Storage -~

Primary/Reheat

Low cost heliostat

Total solar input
capability

Primary receiver

Reheat receaiver

Low cost heliostat

Total solar ainput
capability

Primary receiver
Reheat receiver

Buffer storage

3 0f 3

Alternate 3
Primary Steam - Solax
Reheat Steam - aAux Heater

Buffer Storage - Rone

Low cost heliostat

Partial solar input
capability

Prianary receiver

Auxlliary heater

Alternate 4
Primary Steam - Solar
Reheat Steam - Aux Heater
Burfer Storage - Primary

Low cost heliostat

Partial solar input
capability

Primary receiver
Auxiliary heater

Butfer storage




TABLE A.3-4

COMPARATIVE EVALUATION OF SYSTEM ALTERNATIVES

STRENGTHS:

WEAKNESSES:

Baseline
Confiquration

Most favorable cost/
benefit ratio

Additional annual
fossil fuel savings
(over 30 percent)

Little impact on
reliability

Very 1lattle impact
on safety and environ-
ment

Very little technical
risk

Demonstrates total
solar input capability

Control of turbine
inlet temperature with

solar reheat may require

further consideration.

1o0f 1
A.3-11

Alternative 3

Lowest total capital
costs

Least requirements
for operating and
maintenance

Least impact on
reliability

Very little ampact on
safety and environ-
ment

Very little technical
risk

Does not demonstrate
total solar anput
capability

Increases fossil
fuel consumption
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A.4 CHARACTERISTICS OF PREFERRED SYSTEM

The Preferred Configuration for solar repowering Newman Unit 1 is
identical to the Baseline Configuration in that solar energy 1is
used to provide steam to the high pressure and intermediate
stages of the turbine generator. The system and subsystem
analyses summarized in Sections A.2 and A.3, however, have
resulted in numerous modifications to the Baseline Configuration
to be incorporated into the Preferred Configuration.

Table A.4-1 summarizes the characteristics of the Preferred
Configuration ftor the solar repowering demonstration at Newman
Station. The Preferred Configuration, based on a solar
repowering fraction of 50 percent, utilizes a north field
(160° arc) of heliostats. A single tower housing the primary and
reheat receivers is located adjacent to the turbine bualding.
The primary receiver design is a drum type boiler with pumped
recirculation, using an external screened tube concept, which is
being developed by DOE as part oi the Advanced Water/Steam
Receiver Program.

A.Q°1
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TABLE A.4-1

SOLAR REFOWARED NEWMAN UNIT 1
CHARACTERISTICS OF PREFERRED CONFIGURATION

Unit Type

Unit Rating

Solar Repowering Percentage*
Plant Operating Scenario

Collector Subsystem
Field configuration
Field area
Heliostat area
Number of heliostats

Receiver/Tower Subsystem
Primary receiver type

Primary receiver size

Reheat Receiver

Type
Size

Tower Height
Number of towers
Primary receiver C/L
Reheat receiver C/L

Electrical Power Generation Subsystem
Cycle
Net unit efficiency (solar/fossil)
Turbine inlet
Heat rejection

Fossil Boiler
Type
Rate load efficiency
Automatic operation
Startup enexgy/cold condition
Warm standby

NOTE:

Reheat steam turbine

82 MWe

50 Percent

Maximize solar benefit

Fossil operation only on cloudy days
Economic dispatch on fossil energy

North field (160° arc)

1.5 km2 (includes exclusion area)
246,000 m2

2,776

External (pumped, recirculation
boiler/screened tube concept)
12 m dia x 16.5 m long (210° arc)

External
12 m dia x 16.5 m long (210° arc)

1
155 m
138 m

Steam Rankine (reheat)
37.5/39.5

10.1 MPa/538°C

Wet cooling tower

Gas/o0il
BY . 4%

Minimum 28% of rated unit electrical output

106 x 10€ kJ/startup
15.8 x 10®¢ kJ/startup

* Based on an insolation level of 950 watts/m2

Tof 1




APPENDIX B
NEWMAN UNIT 1 SOLAR REPOWERING SYSTEM SPECIFICATION
B.1 GENERAL
B.1.1 Scope

Thas specification defines the system and subsystem
characteristics, design requirements, and system environmental
requirements for solar repowering of Newman Unat 1 which is
operating on the El Paso Electric Company (EPE) system. This
unit has a reheat steam turbine rated to produce 82 MWe with a
10.1 Pas538°C (1,450 psig/1,000°F) main steam condition and a
2.93 MPa/5389C (420 psig/1,0009F) reheat steam condition. The
solar subsystem will be designed to supply steam in sufficient
quantity and quality to generate 50 percent of the rated
electrical power output (at the design point of noon winter
solstice) . It will operate in parallel with the present gas/oil
fired boiler.

In general, the level or detail presented in this specification
is consistent with the conceptual design phase of a large power
plant project. kngineering information is developed +toO the
extent necessary to support the development of a conceptual plant
cost estimate and the determination of technical and economic
feasibility of the project.

B.1.2 System Description

The system for sclar repowering of Newman Unit 1 will consaist of
the following major elements, which are described in the
following sections.

Site

Site Facilities

Collector Supbsystem

Keceiver Subsystem

Master Control Subsystem

Fossil Boiler Suosystem

Electric Power Generating Subsystem
Specialized Equipment

The repowering system will be designed for a 30-year life.
B.1.2.1 Sate

Newman Station is located at the north end cf the city of El
Paso, 24 km (15 mailes) nortneast of the downtown area, and
19.3 xm (12 miles) from the El1 Paso SULMET station. The site is
near the New Mexico border on the east side of the Franklin
Mountains.
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The Newman site 1s nearly flat with a downward slope of
approximately one percent from west to east. A road to the west
provides storm drainage, although some minor natural runoff
gulleys (arroyos) exist northwest of the existing station. The
site 1is in the Tularosa Basin, bounded by fault block mountains
to the east and west, with 305 to 610 meters (1000 to 2000 feet)
of underlying sediments. Approximately 14.2 km2 (3500 acres) of
public land around the site are available.

Newman Station is surrounded by land owned by Ei Paso Water
Utilities Public Service Board, with one residential and no
commercial buildings within a 3.2 km (2 mi) radius. The site is
accessible by road from all directions.

Figure B.1-1 illustrates the location of the site relative to El
Paso, Texas. Figure B.1-2 shows the arrangement of the Newman
Station®s major existing facilities. Newman Station consists of
four oil and gas-fired unats capable of generating 498 Mwe.
Newman Unit 1 is located at the northern end of the station.

Figure B.1-3 aescribes the proposed site arrangement fox Solar
Repowering Newman Unit 1. The concrete tower supporting the
praimary and reheat receivers will be located adjacent to the
Newman Unit 1 turbine building, with a 1602 north helicstat
fiela. The approximate land area that will be utilized by the
heliostat fieid is 1.09 km# (269 acres).

Site preparation acitivites for repowering Newman Unit 1 wall
include pramary grading, surface preparation, and construction ot
roads. The collector field will be graded and will ainclude
north-south drainage trenches covered with crushed stone to
channel rainwater from the site. The natural arroyo at the
northwestern part of the rield will bpe diverted north of the
tield perimeter to preclude erosion of the graaea surfaces. The
main entrance to the Newman S$Station will be from an existing
hignway west of the site and an asphalt paved road will surround
the field to provide access to the heliostats. A €61 m (200 ft)
exclusion zone 1s provided outside this perimeter road. The
solar main and reheat receivers will be mountea on a tower
accessible from the main entrance road. Exclusion areas will be
provided to avoid anterferences with the inspection and
maintenance of existing equipment and piping slituated in the
neliostat field area.

B.1.2.2 Site Facilities

New structures and facilities associlated with Sclar Repowered
Newman Unit 1 will include an addition to the existing control
room, a solar teedwater pump house, and an addition to the
existing maintenance building. The control room and maintenance
building additions and the solar feed water pump house will be
metal sided enclosures. The control room additions will hcuse
the Master Control Subsystem, collector and receiver controls,
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operator control panels, beam characterization system, and data
acquisition system. A new equipment room will be provided near
the top of the receiver tower. The rooms will be air conditioned
to maintain the correct temperature for the electronic equipment.

rvaporative cooling of the maintenance building addition and the
solar feed water pump house will be provided by propeller type
fans which will draw the outside air into the enclosures through
inlet louvers and air filters. The existing fire protection
system will be extended to provide suitable protection to the
enclosures. Hydrants and hose stations will be located at
strategic points in the collector rield; a fire water booster
pump and hose stations will be located inside the solar receiver
tower. Lighting will be provided along the perimeter road
surrounding the heliostat field and at the tower operating
levels.

B.1.2.3 Collector Subsystem

The Collector Subsystem will be compocsed o©0i an array of
heliostats and supporting power and control elements which
interact with the Master Control Subsystem. The heliostat array
will be arranged in a 2.79 radian (160°) fan shaped configuration
north of the single receiver tower (Figure B.1-3) . The heliostat
array will reflect solar radiation onto the elevated absorpers
(boiler, superheater, and reheater) ot the Receiver Subsystem in
a manner which will satisfy the receiver incadent tlux
requirements. The Collector Subsystem is sized for a solar
maltiple of 1.0 at the design point. The Collector Subsystem
components wiil include the rollowing:

ae 2,998 heliostats, including reflective suritace,
structural support, drive units, control sSensors,
pedestals, foundations, cabling, ana cable array
installations.

b. Electromechanical and electrical controllers, including
individual heliostat, heliostat field and neliostat
array controllers, control system interface electroniacs,
power supplies, and beam characterization system
components.

The Collector Subsystem description is based on the
characteristics or a generic second generation 'heliostat. The
design description, performance characteraistics, and cost data
for this heliostat are incorporated in the specification as
representative of the class of heliostat configurations that will
be available for solar repowering Newman Unit 1.



B.1.2.4 Receiver Subsystem

The Receiver Subsystem provides a means of transforming the
inciaent radiant flux energy from the Collector Subsystem 1into
superheated steam. The receiver fluid 1is water/steam. The
Receiver Subsystem will consist of primary and reheat receivers
to intercept the radiant flux reflected from the Collector
Subsystem, a single tower structure to support the two receivers,
receiver header piping and riser, and downcomer piping for the
primary receiver.

The receivers will bpe of external type contiguration with a
forced recirculation boiler. The Receiver Subsystem will include
the pumps, valves, and control system within the tower structure
necessary to regulate the flow, temperature, and pxessure; and
the required control system components necessary for safe and
efficient operation, startup, shutdown, and standby. Also
included in this subsystem will be an elevator, plattorms,
stairs, etc, to provide for observation and maintenance.

B.1.2.5 Master Control Subsystem

The HMaster Control Subsystem (MCS) 1s used to sense, detect,
monitor, and control all system and subsysten parameters
necessary to ensure safe and proper operation of the entire
integrated repowered plant. Specitiically, this subsystem will
provide for stable plant operation during startup, steady-state,
shutdown, transient, or emergency conditions in the fossil only,
solar only, or combined operating modes. It will provide tor an
effective operator/plant interface to allow for automatic or
manual control and permit comprehensive plant performance
evaluation. This subsystem will consist of a central computer,
computer peripheral equipment, time code generator, control and
display consoles, and solar/non-solar electric power control
interfaces and software.

B.1.2.6 Fossil Boiler Subsystem

The Fossil Boiler Supsystem provides a fossil energy source which
18 retained to enhance performance and/or maintain normal plant
operation during periods of reduced or no insolation. The Fossil
Boiler Supsystem consists of the Newman Unit 1 fuel handling,
boiler, and related eguipment. It also consists of the control
system necessary to regulate the steam flow, temperature, and
pressure; and the reguired control necessary tor safe and
efficient operation, startup, shutdown, and standby or the Fossil
Boiler Subsystem. £ssentially all of the existing Newman Unit 1
poiler eguipment will remain after peing retrofitted with a solar
steam supply system, although most of the existing pneumatac
control system will be replaced with electronic combustion and
feedwater controls.
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B.1.2.7 Electrical Power Generating Subsystem

The Electrical Power Generating Subsystem (EPGS) provides the
thermal output from the receivers and/or the Fossil Boiler
Subsystem for converting to electrical power. The ocutput ftrom
the EPGS will be regulated for integration into El1 Paso Electric
Company system network. The EPGS consists of the existing
balance~of-plant equipment at Newman Unit 1.

B.1.2.8 Specialized Equipment

No specialized equipment required to service, maintain, repair,
clean, or overhaul any of the solar repowered plant equipment has
been identitied during the conceptual design effort.

B.1.3 Definitions of Terms

Beam Pointing Exror

The angular difference between the aim point and measured Deam
centroid for any tracking aim point (on target or at standby)
under the specified operating conditions.

Capacity Factor, Annual - Non-Solar

Annual non-solar MWh divided by the product of 3760h and plant or
unit rating in Mw.

Capacity Factor, Annual - Overall

Annual solar and non-solar MWh divided by the product of 8760h
and plant or unit rating in MWw.

Capacity_ Factor - Solar

Annual solar Mwh divided by the product of 8760h and plant or
unit rating in MW.

Conversion Efficiency (Gross)

The gross output provided by a conversion device divided by the
total input power at speciiied conditions.

Conversion Efficiency (Net)

The actual net output (after deducting parasitics) provided by a
conversion device divided by the required input power at
specified conditions.
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Demand

The power versus time profile of the energy required to satisfy
the energy needs of the final consumer or end use consuaing
process.

Design Point

The time and day of year at which the system is sized with
reference direct insolation, wind speed, temperature, humidity,
dew point, and sun angles.

Direct Insolation

The non-scattered solar 1flux falling on a surtace of given
orientation (W/m2). '

Fluid, Receiver

The fluid used to cool the solar receiver and distribute the
absorbed solar energy to other parts of the system; heat
transport fluid of the receiver.

Fluid, Working

The tluid used in the turbine or other prime mover.

Hybrid System

A combination of solar and non-solar technology to provide a
single plant system that is capable of continuous operation.

Levelized Busbar Enerqy Cost

That cost per unit of energy which, if held constant throughout
the lirte of the system, would represent the total regquired 1life
cycle costs, assuming that all cash flow interim requirements or
excesses are borrowed or invested at the utility's internal rate
of return.

Nameplate Rating

The full-load continuous rating of a generator, prime mover, or
other electrical equipment under specitied conditions as
designated by the manufacturer.

Present Value

The present value of capital and operating costs (or annual
savings, brought over a given time period such as the life of the
plant) represents a single payment at a reference year that would
yield the necessary cash flow at a given interest rate.
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Receiver Efficiency

The ratio of thermal power absorped by the fluid flowing through
the receiver to the solar power incident upon the receiver.

Repowered Plant

A plant that uses central receiver technology and solar energy to
partially displace non~-renewable (fossil) fuels.

Repowering Percent — Design Point

The percentage of the unit®s rated net electrical power output
produced as a result of the steam generated by the solar
receivers at the design point.

Solar Flux

The rate of solar thermal radiation per unit area (W/m2).

Solar Fraction (Annual)

The annual average fraction of thermal energy to the turbine
delaivered by the solar steam supply system.

Solar Fraction (Design Point)

The fraction of thermal energy to the turbine delivered by the
solar steam supply system at the design point.

Storage Capacity

The amount o0f net energy which can be delivered from a fully
charged storage subsystem (MWhe or Mwht)

Thermal Power, Fossil Boiler Output

Thermal power in steam generated by the fossil boiler after stack
and miscellaneous losses.

Thermal Power, Turbine

Thermal power input required by the turbine at the design point.

Thermal Power, Receiver Output

The thermal power in steam generated by the receiver measured at
the receiver outlet.
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B.2 KREFERENCES

The following references will provide +the guidelines for
development of designs that are presented in this specificataon.
These references will intluence the design and selection of
vessels, heat—transfer equipment, mechanicadl equipment,
structures, c¢ivil work, piping, instrumentation, and electrical
items that are used in the utility industry.

B.2.1 Standards ané Codes

The latest revisicns of each of the tcllowing codes in erfect
during final design will be used.

Uniform Building Code - 197b &dition by International Conference
of Building Ofticials

OSHA kKegulations

. OSHA Title 29, Part 1910 - Occupational Safety and
Health Standards ASME Boiler and Pressure Vessel Code

. Section I - Power Zoilers, including: BANSI 831.1-1977
Power Piping

N Section 1I - iaterials Specifications

. Section VIII - Pressure Vessels

NRC kegqulatory Guides 1.60 and 1.01.
Institute of klectrical and Electronic Engineers (I££i) Codes, as
applicable. National Fire Protection Association (NFPA) National
Fire Codes Human Encgineering Design Criteria

. MIL-STD-801C

. MIL-STD-1472

Design, Constructicn, and Fabrication Standards

. Standards of KISC (American Institute of Steel
Construction)

. Stanaards of ACI (American Concrete Institute)

. Standards of TEMA (Tub: Exchanyer Manufacturer®s
Association)

. ANSTI A58.1 - Building Code Requirements for Minimum

Design Loads in Buildings and Other Structures
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B.2.2 Other Publications And Documents

National Energy Conservation Policy RAct of 1978
Power Plant and Industrial rfuel Use Act of 1978
Public Utilities Requlatory Policy Act
knergy Tax Act of 1978
Environmental Legislation

. National Eknvironmental Policy Act (NEPA)
B.2.3 Permits And Licenses Required
Construction Permit
Waste Water Discharge Permait (NPDES)
SPCC (Spill Prevention Containment Countermeasure)
Air Navigation Approval (FAA)
Elevator Permit/Certificate
State (Bighway Connector)

Local (lana use, general construction, private road construction
and use)

B.2.4 hpplicable Laws And Regulations

Texas Clean Air Act of 1973 (Air Control Board)

Texas Water Quality Act of 1977 (Dept of Water KResources)
Federal Aviation KRegulation, Part 77 (FAA)

El Paso Building Law

Department of Transportation, State Highway Dept Kegs

E1l Paso Zoning Laws; Buildina Laws; Texas Regulation, Control ot
Air Pollution from Visible £missions of 1975.
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BE.3 REQUIREMENTS

The Solar Repowered Newman Unit 1 shall be desaigned to meet the
requirements of this section. The solar steam generating system
shall be sized to produce steam at conditions necessary to
generate 50 percent of the rated net electrical output, 82 Mwe,
at the design point solar conditions corresponding to noon winter
solstice. The solar multiple at the design point is 1.0. The
design lifetime shall be 30 years. The repowering system shall
include both a primary and reneat receiver mounted on a single
tower which will supply 10.1 Mpa/538°C (1,465psia/10009F) steam
to the high pressure turbine inlet and 2.93 MPas5389C
(425 ps1a/1000°F) reheat steam to the intermediate pressure
turbine inlet of Newman Unit 1. Tne solar receiver subsystem
will operate in parallel with the existing gas/oil fired boiler
to meet the total daily electrical demand recguirements. The
perforinance and operating requirements of tne solar retrofit
subsystems are defined below:

B.3.1 Site

The collector fiela and otner tacilities associated with Solar
Repowering Newman Unit 1 will require approxinateiy 1.09 kmz
(209 acres) of land. Site preparation will include minor grading
and surface preparation. A state highway and a transmission line
that currently transect the site will be rerouted. A new access
road tc the Newman Station and a perimeter roada around the
heliostat field will be provided to support vehicular tratffic.

Heliostats shall be excluded from portions of the collector field
where existing equipment ana piping rights-of-way are required,
ana where future transmission line rights-otr-way will be located.

Drainage ditches are required to channel rainwater from tne solar
collector field to minimize erosion of tne graded surtaces and
protect foundation integrity. The solar repowering site shall
include paved roads and fences tc provide access tc¢ the solar
collectors and receivers and protect against unauthorized entry
to the site.

The characteristics of the Newman Station site shail satisiy all
the necessary siting regquirements for a suceessful repowering
application.

B.3.2 Site Facilities

New site facilities will reguire additions to the existing
control room and maintenance building, and a new socliar feed water
pump house.

The control room will require a second level to house the solar

repowering electronic equipment. The extended control room areas
shall be air conditioned to maintain the correct ambient
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temperature tor the new computers and associated equipment. The
second level will require new toilet facilities. An aaditicn to
the maintenance building will be required to enable piant
personnel tc¢ repair and test complete heliostat assemblies.
Additional evaporative coolers will be reoguired to circulate
fresh air through the maintenance area.

A solar feed water pump house will be required for the solar feed
pumps and the solar repowering equipment switchgear.

The existing fire protection system must pe extended to protect
the new site facilities. Hydrants and hose stations will Dpe
necessary around the solar field water pump house and
maintenance area. Hose stations shall be provided at the various
levels inside the solar receivers tower.

Outdoor 1lighting shail be provided along the soiar cocllectcr
field perimetexr road and at the base and uppexr levels oi the
tower.

B.3.3 Collector Subsystem

The Collector Subsystem shall reflect solar radiation onto the
Receiver Subsystem in a manner which satisties receiver incigent
heat flux requirements specified in Section 3.4.2. In addition,
the Collector Subsystem shall respond to commands from the Master
Control Subsystem for emergency dexrocusing of the reflected
energy or to protect the heliostat array against environmental
extremes. The heliostats shall be properly positioned for repair
or maintenance in response to either master contror Or manual
commands . Heliostat design shall provade for a storea or sate
position at night, during periodic maintenance, and duxing
adverse weather conditions. The Collector Subsystemn shall be
designed to match the receiver design and provide energy to the
receiver working fluid consistent witin the 1nput energy
reguirements of the existing turbine.

Meterological and insolation data corcesponding to the lypical
Meteorological Year for El1 Paso, as supplied on the SOLmMLT
Wweathexr Tapes, shall be used as a design basis for the subsystem.

b.3.3.1 Collector Field

The collector field shall be designed so that 103 Mwt of the
redirected solar energy will impinge on the primary receiver and
26 MWt will impinge on the reheat receiver at noon wanter
solstice witn a direct normal insolation value of W00 w/mz.

The collector rield design shall provide the optimum heliostat
layout considering (as an example) the following:

a. Heliostat capital cost




b. Operating and maintenance cost
C. field wiring cost
d. Land availability
e. Land cost
f. Heliostat performance
g. Receiver size
h. Receiver tower height
i. Plant availability
j. Shading and biocking

K. Atmospheric attenuation

1. Sun position

me. Piping cost

n. Foundation requirements
The Collector Subsystem shall function as appropriate for ail
steady-state modes of plant operation. This shall include the
capability of controiling the number of neliostats in tracking
mode SO as to vary the redirected flux to either receiver uetween
zero and the maximum achievable level with step changes no larger
than 10 percent of the total collector field outpurt.
Drive systems must be capable ot positioning a heliostat to
stowage, standby, cleaning, or maintenance orientation from any

operational orientation withiu 15 minutes ot a command signal.

Elevation and azimuth drives shall not drift from last commanded
positions due to environmental condations.

The drive system shall provide for cost effective stcwage of the
reflective surface to minimize rerlectea peam safety hazards and
dust or dirt build-up on the mirrors. #deliostat orientation
shall be available to the Master Control Subsystem at all times.
Calculated gimbal angles are acceptable: crientation sensors are
not required.

Heliostat control shall be by computer. Control functions shall
be accomplished as follows:

Heliostat Array Controller (HAC) shall:
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Initiate operational mode commands to Heliostat Field
Controller (HFC)

Address commands to HFC ygroups or individual Heliostat
Controller (HC)

Respond to Master Control Subsystem (MCS) 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 HAC
Initiate safe stowage command
Control groups of HCs
Beliostat Controller (HC) shall:

Determine heliostat azimuth and elevation position
requirements

Control ‘drive motors

Provide heliostat axis position data to H¥FC
The Collector Subsystem shall be capabie of emergency defocusing
upon command to reduce peak incident radiation on the xeceiver to

less than 3 percent of imitial value within 120 seconds.

Heat fluxes on tower and normally unirradiated portions oi the
Receiver Subsystem are limited to 25 kW/m2 (7880 Btu/fez).

Beam control strategy and equipment will protect personnel ana

property within and outside the plant facility, including air
space.

The collector subsystem will Dbe designed to satisfy the
environmental conditions specitied in Section bB.4.

B.3.3.2 Heliostats
In order to attain overall plant rield pextormance such that

95 percent or the redirected energy approaching the receivers
will impinge on tne receivers with an inciadent angle of less than
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60, the

following reguirements have been established tor

designing and evaluating individual heliostats.

. Maximum beam pointing error (tracking accuracy) shalil be

limited to 1.5 mrad standard deviation tor each gimbal
axis under the following conditions:

. Wind - none
. Temperature - 09 to 5009C (32° to 1220F)
. Gravity effects - at all elevation and azimuth

angles that could occur in a heliostat field
. Azimoth angles - at all angles except curing stow

. Sun location - at least 0.26 rad above horizom, any
time of year

. RHeliostat location - any position in the field

Beam gquality shall be sucn tnat a minimam ot 90 percent
of the reflected energy at target slant range shali rall
within the area defined by the theoretical beam shape
plus a 1.4 mrad fringe width. Heliostat beam quality
shall be maintained tor 60 days without realignment.

-Beam quality requirements are applicanle under the

following conditions:

. wWind - none
. Temperature - 09 to 50°C (32° to 1229F)
o Gravity effects - at all elevation and azimutn

angles that could occur in a heliostat field

. sun location - at ieast 0..6 rad above horizon, any
time of year

. deliostat location - any position in the 1tield and
any slant range

. Operating moae - tracking on a BCS calibration
target

. Facet alignment — as planned for tihe plant

. Theoretical beam shape - the theoretical beam

contour, aetermined by HELIOS, 21s the .isorlux
contour that contains 90 percent of the total
power. This isoflux contour will be 1increased by
1.4 mrad fringe. The HELIOS computer code is
available through Sandia Laboratories.
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Overall structural support shall 1limit reflective
surface static deflections to an effective 1.7 mrad
standard deviation for a field or heliostats an a 12 m/s
(27 mph) wind.

Wind deilections of the foundation, pedestal, drave
mechanism, torgue tube, and mirror support members shall
be included, but not the slope errors due to gravity and
temperature effects. Wind deflection limits apply to
the mirror norxmal (not reflected peam) ror each axis
fixed in the retlector plane. Both beam gquality and
beam pointing are affected.

To assure that the net slope errors of a fieid ot
heliostats is less than 1.7 mrad, the rms value of the
slope errors taken over the entare reflective surtace of
an individual neliostat, computed under the worst
conditions of wand and heliostat orientation (but
excluding foundation deflection), shall be limited vto
3.6 mrad ior a single heliostat. This lamit represents
a 3-sigma value for the tfiela derived by subtracting
foundation deflection (see b.3.3.2.d) from the tctal
surface slope error (1.7 - 0.5 = 1.2 araa
standard deviation x 3 = 3.6 mrad, 3-sigma). The
conditions under which this requirement applies are:

. Wind, includang gusts 12 m/s (27 mph) at 10-m
(33-1t) elevation

. Temperature — 0¢ to 509C (322 to 122°F)

. Gravity effects - not included

D Mirror module waviness - none

. Facet alignment error - none

The ailowable tilt and/or torsional rotation or a
heliostat foundation shall not exceed = 1.5 mraada total
angular detlection per axis, when the heliostat is
subjected to a 12 m/s (27 mph) operational wind load.
This total deflection, in adaition to elastic response,
includes the amount of plastic or permanent deflection,
including any wobble (looseness) resulting from a prior
22 m/s (50 mph) wind 1load, and shall not exceed t 0.45
mrad.

Botn deflection allowances are 3-sigma limits expressed
ror a single heliostat/toundation field position, and
are computed under the worst condition of wind and
heliostat orientation. For a full fiela of hneliostat
foundations, the effective limits will result 2in a
standard deviation ot 1/3 of the detlection allowances
specified for a single foundation.
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The detlections specitied are applicable at the
foundation-to-heliostat intertace located on a plane
parallel to and approximately 50.8 mm (2 ainches) above
the pier concrete surface, which is represented by the
underside of the heliostat pedestal mounting rlange.

B.3.4 Receiver Subsystem

The Receiver Subsystem shall include a primary receiver and a
reheat receiver mounted on a single tower and shall provide a
means oOf transterring the incident radiant fiux energy from the
Collector sSubsysteln into superheated steam and transport of the
steam to the high pressure 10.1 MPa/538¢C (1450 psig/1000¢F)
turbine and the intermediate 2.93 MPa/538°C (410 psig/1000°F)
turbine.

B.3.4.1 Structural Design

The receiver and tower shall be designed to provide access tor
maintenance and inspection of tower structure, receiver, working
fluad, instruments and controls, hydraulic equipment, etc.
Consideration shall be given to ease of maintenance. Adeguate
provisions snall be made to ensure crew safety at all times for
required operations, inspection, maintenance, and repair. Tne
receaver design shall be consistent with Section 1 or the ASME
Boiler Codes and appropriate sections ot the construction codes.
The design lifetime shall be 30 years. Seismic criteria wilil be
based on a peak ground acceleration of 0.125 g combined witn the
response spectrum given by NRC Regulatory Guide 1.60 and the
operating basis earthquakes given in NRC Regulatory Guide 1.o.

B.3.4.2 Receiver

The praimary receiver shall be an external panel configuration
with a forced recirculation boiler and shall face a 100 degree
norcth field of heliostats. The primary receiver snall be capable
of operating safety and reliably for 30 years with heat fliux
levels not exceeding 660 kW/m2 for water-cooled <tubes and
300 kW/m2 for tne superheater tubes at noon winter soistice with
an incident power level or 117 Mwt.

At the noon winter solstice (design point),the primary receiver
snall be capable of absorbing 91.3 MMt with a receiver incident
pcwer of 103.2 MWt and shall at least generate the steam at the
rate of 129,000 ka/hr (284,000 lb/hr) with outlet conditions of
11.72 MPa/549°C (1,700 psiasz1020°F) . The maximum allowable
pressure drop 1in the superheater shall not exceed 1.9Y3 MPa
(280 psi).

The reheat receiver shall be an external panel configuration
capable of operating safely and reliably with an absorption heat
tlux level not exceeding 149 kW/m2. At the noon winter solstace,
the reheat receiver shall be capable oi absorbiaing 17.5 MWt with a
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receiver incident power level of 25.8 MWt. Steam trlows at the
rate of 115,400 kg/hr (254,500 lb/hr) (including attemperation)
with outlet conditions of 2.97 MPa and 549°C (416 psig ana
1,020°F) . Thne corresponding inlet steam temperature is 373°C

(703°F) , and the maximum allowable pressure drop shall be 193 kPa
(28 psig).

The receivers shall pe designed to be subjected to 10,000 start
up/shutdown cycles and 50,000 cloua transient cycles. The
Receiver Subsystem shall include a control system tG maintain the
HP at 1P turbine 1nlet conditions within tolerances to be set by
plant operators and equipment manutacturers while being subjected
to fluctuations in solar heat fluxes due to normal daily/nourly
variances and partial cloud transients. At those times when the
solar system 18 not capable or meeting turbine inlet
requirements, the receivers shall be maintained in standby mode.
The receivers will be designed t©0 satisiy the environmentai
conditions specified in Section B.4.

B.3.4.3 Working Fluid

The working £luid shall be water/steam for the primary receiver
and superheated steam for the YTeheat receiver. Specifications
and gquality for the working fluid are as follows:

Solar Main Steam

TDS <100 ppb
Na 30 ppb
Sio, 20.0 ppb

Solar Feedwater -

pH 8.7
Conductavity 0.3 mmho
Si0, 3 ppIa

B.3.4.4 Receiver Tower
The receiver tower must support the primary ana reheat receavers,
piping and other elements of the receiver subsystem. Tower
design will regquire the foilowaing:

a. Tower height - 129.5 m

b. Elevation of praimary receaiver centerline - 155.0 m

C. Elevation ot reheat receiver centeriine - 14).1 m

d. Weight of primary ana reheat receivers including support
structure - 1.02 x 106 kg

e. Design waind load - 40.3 m/s (90 mph)
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f. Seismic zone category — UBC Zone 1
g. Deflection limitations (TBD)
h. Soil conditions (TBD)

Structural design will include an analysis of dynamic wina
stresses (vortex shedding) to determine the critical wind
velocity.

The tower will bpe required to support feedwater, maan steam,
reheat and auxiliary piping and associated controls and provide
access tor maintenance and repair. In addition to internad
laaders, platforms and walkways, the design of the tower shall
include an elevator having a capacity of approximately 40Y ky
(900 1b).

B.3.5 Master Control Subsystem (MCS)
B.3.5.1 General Design Requirements

The Newman Unit 1 control system and existing power plant
eguipment shall be modified to provide daily cycling of the unit
and utilize fossil and solax energy for generation of electrical
power. The MCS shall control the solar steam supply system and
the existing plant equipment in a safe and reliable condition
under all modes of operation.

The MCS snall permit the operator to select one of three plant
operating modes: ifossil mode, soliar mode, or combined
solar/fossil mode.

The MCS shall operate the unit under all conditions including
startup, shutdown, transient, steady State, ana enmergency
operation.

B.3.5.2 Design Criteraia

In order to satisfy the general design requirements the MCS shail
meet the following design craiteria:

a. figh Availabilaty

. High component/circuit reliability employing the
latest solid state technology and conservative
designs.

- Major controi systems and components shall nave
full redundant backup.

. Modular architecture to enhance fault detection and
malintenance.
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° Self-diagnostic capability wherever possible.
Redundancy
The MCS will include full system redundancy where
feasitle. A ftailure or one conputer processing unit
(CPU) will not cause a reduction in control, monitoring,
display, or other required plant control functions.
Comprehensive Operator/Plant Interface
. CRT displays are provided ror the following:
- Process monitoring
- Trouble identification
- vperator guidance
- Interactive communications
- Status information
- Historical review
. Main control board with conventional analog
displays, control stations, alarms, etc, providing
the operator with a&a tamiiiar operation/process
intertace.
Flexinality
All control logic functions and controi algyorithms are
implemented in comprehensive direct digital control
(DDC) software. The system 1is prograuwned in a basic
language which allcws changes to be made simply and
quickly.
System Modifications
Existing control systems will be modified only where
necessary. The following criteria will determine which
controls are changea:

. Direct interface with MCS.

. Signiticant enhancement of the repowered unit's
ability to meet the design requirements.

° Abilaity o1 the eguipment to function properly for
the required 30-year lifetime.




In general, all instrumentation that will be replaced meets two
or more orf the above criteria.

B.3.5.3 Operating slodes
B.3.5.3.1 Fossil Mode

when the fossil mode has bpeen selected, the solar repowering
system shall be isolated from the existing fossii fueled power
plant. In this mode, the control system shall permit the unit to
pe placed in either boiler following, or turbine following,
control.

B.3.5.3.2 Solar Unly Mode

with clear Aday insolation available, the operator will seiect a
solar only mcde of operation. The rossil boiler will Lbe shut
down and isolated and the solar repowering system will be
operated with the turbine placed in turbine following controd.
The solar primary receiver, solar reheat receiver, and the
collector subsystem shall be autoumatically controlled tO maximize
thermal energy output from the solar steam supply system. The
turbine inlet control valves will be autamatically positioned to
maintain stable steam conditions to the turbine inlets.

B.3.5.3.3 Combined Solar/Fossil Mode

When intermittent cloud conditions prevaii or whean it is
economical to operate the unit at high load, the HMaster Control
System shall control the plant in a solar/tfossil mode. In the
solar/foss1l mode, the steam from the sclar receivers and the
tossil Dboiler shall be combined prior to pbeing admitted to the
turbine. The control system shall operate the solar steam supply
system to maximize solar thermal output and uses the tossil
boiler to supplement steam to meet the unit's load demand. in
this mode the turbine can be operated in either turoine rollowing
or boiler following control, depending on the needs of the gyrid.

B.3.6 Fossil Boiler Subsystem

The Fossil Boiler Subsystem of Newman Unit 1 shall interrace wath
the solar steam supply system according wo the following boiler
performance requiraments:

a. Minimum automatic operation - 28 percent load (30
percent rated steam flow)

b. Maximum boiler ramp rate - 11 percent/min (change 1n
boiler thexmal output)

Ce. Energy required rrom cold startup to 28 pexcent load -
1.06 x 102 J (100 MBtu) over 4 hours
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d, Energy required £from hot standby to 28 percent load -
1.58 x 103@ J (15 MBtu)

e. Boiler effriciency - 84.4 percent

f. Ability +to maintain superheat and reheat temperature of
5389C (1000°Ff) to minimum load

B.3.7 Electric Power Generating Subsystem (EPGS)

The EPGS will be required to accept steam from either or both the
solar or foss:il steam supply systems.

Uperating constraints imposed by the existing EPGS are as
follows:

e Maximum gross electric output 85.8 MWe
b. Rated main steam flow for guaranteed

output 257,000 kxg/hr

: (567,000 1lb/hr)
C. Main steamn rated temperature 5389C (1000°F)
d. Rehieat steam rated temperature 5380C (1000°F)
e. Main steam rated pressure 10.1 MPa

(3450 psig)

f. Rated reheat pressure drop 455 kPa (37 psi)

g. Steam temperature limitations (at tucbine .aaan stop
valve)

1. Average over 12 montns not to exceed 5389°C (10009F)

2. 5529C (1025°F) ror not more than 400 nours ftor 12
manths

3. 500°2C (10509F for up to 15 minutes: not more than
80 hours/year
h. Steam pressure limitataons
1. 10.1 MPa (1450 psig) at rated output

2. 1.6 MpPa (1523 psig) as turoine approaches zerc
output

3. 13.0 Mpra (1885 psig) momentarily, not exceeding 1z
nours /year

i. Load limitations
Rate of load change is limited by metal temperatures in

critical areas of turbine. Normal turbine load change

B.3-12




rates arxre limited to about 5 MWe/min. Faster load
changes will reguire monitoring of turbine rotor and
casting metal temperatures.

B.3.8 Service Life
The system shall be designed for a 30-year service life.
B.3.Y Plant Availability and Reliability

Consxderation shall bpe given 1in the design to achievang highn
reliability by providing design and operating margins and
utilizing sound engineering design practices.

B.3.10 Maintainability

The solar repowered plant modifications and new installations
shall be designea to be compatible with existing piant
maintainabiljity characteristics and practices. Porential
maintenance locations shall be easily reached aund components,
such as electronic units, motors, drivers, etc, readily xeplaced.
Elements subject to wear and damage such as supporting wheels,
years, etc, shall be easily serviced or replaced. Tihe piant
shall be capable of being serviced witn a minimum or specialized
equipment or tools.
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B.4 ENVIRONMENTAL CRITERIA

This

section addresses plant environmental design requirements

and environmental standards.

B.q.1

Design Requilrements

The system shail be capable of operating in and surviving
acpropriate combinations of the following enviromnments:

Ae

Temperature: The plant shall be able to operate in the
ambient air temperature range from =220 +to +500C
(—8° to 122°F). Performance regquirements shatl be met
throughout an ambient air temperature range of 0°C <to
509C (329F to 1229F).

wind: The plant shall be capable of operating given the
toilowing approximate wind profile as a freguency ot
function of height above grouna level.

Performance requirements shall be met z1or the most
adverse combination of wind and temperature conditions
selected to be consistent with efficient planc
operation. Wind analyses shall satisfy the requiremencs
of ANSI A58.1-1972.

Earthquake: Tnis peak ground accelerations, as
presented below, will be combined with tne response
spectrum given by NRC Regulatory Guide 1.60 and the
damping values given for the operating bases earthquake
in IRC Regulatory Guide 1.01.

Peak Ground Acceleration Average or Firm
Condations = 0.125 g.

The system snall be capable of surviving appropriate combinations
of the environments specitied below:

a.

Wind: The plant shall survive winds with a maximum
speed, including gusts of 40.3 m/s (Y0 wph), without
damage. A local wind vector variation of +10 degrees
from tnhe horizontal shall be assumed for the survaval
condition.

Snow: The plant shall survive a static snow load oif «<50
Pa (5 lb/ft2) and a snow deposition rate cof 0.3 m (71 £t)
in 24 hours.

Rain: The plant shall survive the following rainfall
conditions at a maximum Z4-hr rate of 75 mm (3 in).

Ice: The plant shall survive freezing rain and ice
deposits in a layer 50 mm (2 in) thick.
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e. Earthquake: The peak ground accelerations as presented
below will be combined with the response spectrum given
by NRC Regulatory Guide 1.60 and the damping values
given for the operating bases earthguake in NRC
Regulatory Guide 1.61.

Maximum Survival Ground Accelerations (Peak Ground
Acceleration Average or Firm Conditions) = 0.125 g.

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

Diameter 25 mm (1 in)
Specitfic Gravity 0.9

Terminal Velocity 23 m/s (75 fps)
Temperature -6.7°C (22°F)

ge. Sandstorm Environment: The plant shall survive atter
being exposed to flowing dust comparable to the
conditions described by Methods 510 of MIL-STD-810b.

The plant shall be provided with a lightning protection system
for the tower and receivers.

Be.4.2 knvironmental Sctandards

Federal, state, and local regulations applicable to solar
repowexring Newman Unit 1 are presented in Section B.2.4.




Solar Reheat

Parameter

NAME
NCOM
NSTAI
ETA
T2

LEOF
Downcomer

MAME
NCOM
NSTA1
XL

D1
SUMTHR

NPIPE
PLOSS
RUFF
DELZ
XKL
TA

EOF
VAPJINT

NAME
NCOM
NSTAY
NSTAO1
NSTAO2
NSREF
SCALF

EOF

APPENDIX C

SOLTES 1 INPUT DATA
Full Load (82 Mwe)
50% Solar Repowering

Format
Ab
I10

F10.0
F10.0

A0
I10
I5
F10.0
¥10.0
F10.0

110

F10.0
F10.0
F10.0
F10.0
F10.0

A6
I-10
I5

I5
110
F10.0

Columns

1-6

11-20
21-25
51-60
61-70

1-10

11-20
21-25
51-60
61-70
71-80

1-10

11-20
21-30
31-40
41-50
51-60

1-6

11-20
21-25
26-30
41-45
51-60
©1-70

Description

AUXBLR
2

3

68.
811

PIPE

5

P

387

257
999999999
1
-50

147

333

FLODIV

10
200.



EPGS

Parameter Format Columns Description
NAME AS 1-10 TURBG .
NCOM I10 11-20 13
NSTA1 IS 27-25 9
ETAG F10.2 51-60 100.

X F10.2 01-70 -
ESTAM F10.2 71-80 100.
ETA F10.2 1-10 100.
TB F10.2 11-20 055
EOF

BFDPMP
NAME Ab 1-6 BFDPM#
NCOM I 11-20 17
NSTA 1Y I5 21-25 13
P2 E10 .4 51-00 9,997,750.
ETA1 F10.2 61-70 100.0
ETAM F10.2 71-80 ‘ 100.
PARMOD A10 1-10 -
EOF

FLODIV
NAME A6 1-6 FLODIV
NCOM I10 11-20 13
NSTA1 I5 21-25 17
NSTAO1 I5 26-30 <0
NSTAOZ2 IS5 41-45 19
NSREF 110 51-60 17
SCALF F10.0 o1-70 50.

PIPE
NAME A10 1-10 PIPE
NCOM I10 11-20 21
NSA1Y I5 21-25 20
XL F10.0 51-60 39.6
D1 F10.0 61-70 «203
SUMTHR F10.0 71-80 9999999999




PIPE (Cont?®)
Parameter

NPIPE
PLOSS
RUFF
DEL2
YKL
TA

EOF

NAME
NCOM
NSTA1
XL

DI
SUMTHR

NPIPE
PLOSS
RUFF
DEL2
XKL
TA

EOF

Pump

Solar Boiler

NAME
NCOM
NSTA1
ETA
Tz

EOF

Format

I10

F10.0
F10.0
F10.0
F10.0
F10.0

A10
I10
I5
r10.0
F10.0
F10.0

I10

F10.0
F10.0
F10.0
F10.0
F10.0

Ab
110
I5
E10.4
F10.2
F10.2

F10.2

Ab
110
I5
F10.0
F10.0

Colunns

1-10

11-20
21-30
31-40
41-50
51-60

1-10

11-20
21-25
51-00
61-70
71-80

1-10

11-20
21-30
31-40
41-50
51-60

1-6

11-20
21-25
51-60
61-70
71-80

1-6
11-23
21-25
51-60
61-70

Description

1
5

0

333

PIPE

23

21

244

- 141
9999999999

1
.50

49

333

BFDPMP

24

43
9,997,750
100.

100.

AUXBLR
31

44

gy .3
811



Downcomer

Parameter Format Columms Description
NAME A10 1-10 PIPE
NCOM I10 11-20 Y
NSTA1Y I5 21-25 31
XL F10.0 51-60 387
SUMTHR F10.0 71-80 9999999999
NPIPE 110 1-10 1
PLOSS F10.0 11-20 50
RUFF F10.0 21-30 -—
DEL2 F10.0 31-40 47
LKL F10.0 41-50 —

TA F10.0 51-60 333
EOF

VAPJNT
NAME A6 1-6 FLODIV
NCOM I10 11-20 30
NSTA1 I5 21-25 6
NSTAO1 IS5 20=-30 30
NSTAOZ2 IS5 B1-45 7
NSREF 110 51-60 )
EOF

EPGS
NAME AS 1-10 TUORBG
NCOM I10 11-20 12
NSTA1Y I5 23=25 9
Xxe F10.2 61-70 -—
ESTAM F10.2 71-80 24.3
ETA F10.2 1-10 100.
TH F10.2 11-20 426

FLOD1IV
NAME A6 1-6 FLODIV
NCOM I10 11-20 ) I}
NSTA1 I5 21-25 12
NSTAO1 I5 26-30 4




RISER

Parameter

NSTAOZ2
NSREF
SCALF

EOF

NAME
NCOM
NSA1
XL

D1
SUMTHR

NPIPE
PLOSS
RUFF
DEL2
XKL
TA

EOF
AUXBLK

NAME
NCOM
NSTA1
ETA
T2
EOF

RHTBLR
NAME
NCOM
NSTA1
ETA
T2

EOF

Format

I5
I10
F10.0

A0
I10
15
F10.0
F10.0
F10.0

I10

F10.0
F10.0
F10.0
£10.0
F10.0

Ab
I10
I5
F10.0
F10.0

Ab
I10
I5
F10.0
F10.0

Columns

41-45
51-60
61-70

1-10

11-20
21-25
51-60
61-70
71-80

1-10

71-20
21-30
31-40
41-50
51-60

1-6

11-20
21-25
51-60
61-70

1-6

11-20
21-25
51-60
61-70

Description

15
12
50.

PIPE

3

mn

387

257
9999939999

L)
«50

LLY)

333

AUXBLR

19
84.1
871.

AUXBLR
10

15
84.1
811.




TABLE C-1

SUMMARY OF PLANT EFFICIENRCIES
FOR SOLTES PROGRAM INPUTS

Boiler eEfficiency
% Efficiency

Electrical #» Plant Fossal Fossil Solar Solar
output (MWe) Load Boiler Reheat Boilerxr Reheat
82 100 34 .4 84.4
61.5 75 8L .2 su.2
41 50 Bl 4.1 8.3 68.0
20.5 25 BY .2 B2 84.0 87.5

Turbine-Generator kfficiency
» Efficiency

Plant
Qutput (MWe) EPGS€1r) HP TURBG(2? LP TURBGC3)
82 39.4 100 24.3
61.5 38.8 100 23.5
41 36.6 100 20.8
20.5 31.0 100 13.8
NOTkS e

1. vverall EPGS efiiciency, including all plant thermal,
mecnanical, isentropic, and parasitic lLosses except boiler
erficiency.

2. dP Turbine-Generator provides 20 percent of electrical output
and is assumed, for simpliacity, to ce 100 pexcent efficient.

3. Mecnanical efficiency of LP Turbine-Generator. Incorporates
all EPGS losses, including the condenser neat rejection but
excluding the boilexr eriiciencies.

1 of 1
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ATPPENDIX D

CORCEPTUAL DESIGN DRAWINGS AND DIAGRAMS

The following drawings,

Appendix [
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06T ~FP~58B~8R~2

13505~PP~1A~8R
13505=-FP=1B~-5R

13505~Fp~2A~8R
13505 -FP~2R~5R
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13505-FP-38~5R

WOETF~ER~-S IA~SKR~1
13505-FY~38~3R

o6 T~ FH~3 1A~BR~1Y
34067~ ~31B~ER~1

BEW 5348J0

BEW 268068 &

diagranms, and sketches are included in
Flow Diagram - Solar Repowering, Reheax,
Feedwater, and Main Steam '

Flow Diagram = Station Fundamental

Piping Arrangement of Solar Fesdwater,
Main Steam, and Keheat ~ Sheest 1

Piping Arrangement of Solar Fesdwater,
Main Steam, and Reheat - Sheet 2

Main Steam Line - Sheet 1
Main Steam Line =~ Sheet 2

High Temperature Reheat Steam Line -
Sheet 1

High Temperature Reheat Stean lang -~
Sheet 2

Low Temperature Reheat Steam Line -
Sheet .1

Low Temperature Reheabt Steam Line -~
Sheet 2

One Line Diagram for Solar Repowering
Lot Plan

General Arrangement - Helioztar Field
General Arrangement - ReLimstat Field

Arrangement Solar Receiver with Reheater
for Advanced Repowering

Solar Boiler Plan ~ Sscorions h-A and B-B
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APPENDIX E

EXISTING NEWMAN UNIT 1

E.v LDESCRIPTION

Tnis section reviews the most important characteristics of the
Newman Unit 1 boiler, turbine-generator, and control systems that
could be modified when a solar repowering system 1is added to an
existing unit. Other pieces of equipment and systems are
discussed as appropriate. Figure E.1-1 illustrates the existing
Newman Station. Construction of the unit was completed in  1%60.

£.1.1 Boiler

Boiler design and operating oonstraints are summarized in the
following sections.

E.1.1.1 Boiler De:iign

The existing boiler at Newman Unit 1 has a pressurized water-—
ccoled radiant furnace, a two-stage drainable type superheater,
and a drainapble reheater and was fabriacated by Babcock & Wilcox.
The steam generator 1s designed to burn natural gas. The boilerxr
was refitted in 1962 to allow residual fuel o0il firang for
limited periods of time under manual control. Experience with
operating the unit on o0il has been very limited, and turther
modifications will be reguired to aliow operating on o0il as a
primary fuel. Wwater 1is circulated 1in the boiler by natural
convection.

The nominal full load superheater steam tlow conditions are
254,000 kgs/hr (560,000 1lb/hr) with 10.5 MPa (1,525 psia) ana
538°C (1,000°F) at the superheater outlet and 538¢C (1,000°F) at
the reheater outlet. The steam generator is capable of a maximum
continuous superheater steam flow of 257,200 kg/hr
(567,000 1lb/hr).

The two-stage superheater has a total etfective heating surtace
or 1,227 m2 (13,205 tt2). Water spray attemperators for final
steam temperature control are located in the connecting pipes
between tne two stages. Superheater temperature is controlled by
seiection of burners and by attemperation at high ltoads.

The reheat section has a total effective heating surface of
644 m= (6,930 ft2). Spray type attemperators are located in each
low temperature reheat steam 1line just upstream of the reneat
inlet header connections. Reheat temperature is controlled by
varying excess air ana by attemperation at high l1oads.

E.1-1



The economizer has a total effective heating surface of 1,519 m2
(16,350 £t2) to abscrb heat from the flue gas as 1t leaves the
superheater vrimary section.

The boiler design is illustrated in Figure LE.1-Z%.
k.1.1.2 Boiler Operation

Boiler operation 1s discussed 1n terms of temperature, pressure,
load variations, startup, and banking (warm standby) .

E.1.1.3 Steam Outlet Temperature

Boiler pertormance has exceeded predicted desiygn vaiues for steam
temperature at partial unit loads.

The boiler was designed to maintain a superheat steam temperature
of 5389 down to apout half-load (126,950 kgs/hr steam flouw).
Based on design data, a teaperaure of 510°C can be attained ac
40 percent load (104,310 kg/hr); and a temperature i 4829 can
be attained at 26 percent tocad (86,170 kg/hr).

Based on design information, reheat steam teumperature can be
maintained at 538eC down to about two—-tnirds load
(169,160 kg/Iir) . A reheat temperature ot 5100C can be attained
at 55 percent load (0,590 kgshr). A reiheat tenperature ot
482%C can be attained at 48 percent lioad (142,450 kgynr) .

However, EPE Newman Station operating personnel estimate that the
tull superheat temperature (538°C) can be maintained down to
turbine—generatcer minimum locad (automatic concrol) through
appropriate burner selection and increased excess air.

Eelelald4 Steam Pressuare

Reguired steam pressure at the turbine steam throttle valves is
maintained in accordance with steam demand by the pneumatically
operated compustion control system which proportions tne amount
of air and fuel for maximum combustion efficiency. Cnanges in
main steam flow to the turbine are accompanied by changes in
steam pressure. Following an initial steam pressure change, the
master pressure regulator automatically restores the steam
pressure to the set value of 10.1 MPa (1,4€¢5 psia) by
appropriately adjusting the furnace £faring rate with proper
pneumatic signals to the torced dratt fan inlet vane control
drive and the fuel gas (or oil) control wvalive.

A saftety valve mounted on the main steam piping 1S set to blow at
1.1 MPa (1,590 psig) and reseat at 10.8 MPa (1,545 psig) to
protect the superneater and main steam piping. Sarety valves are
located upstream and downstream of the reneat 8Section. The
cutlet header safety valve is set to blow at 3.7 mPa (517 psiqg)
andé reseat at 3.5 Mra (500 psig).

E.1-2




E.1.1.5 Bcilex Startup and Load Change Capability

According to estimates by EPE operating personnel at Newman
Unit 3%, the max.imum boiler ramp rate (percent per minute rate of
increase or decrease 1in steam flow, measured as a percent oOf
rated steam tlow) akove minimum load (23 MWe) is estimated tc Dpe
about 10-20 percent per minute.

The boiler should only be ramped at the 20 percent/minute rate
during emergency conditions, but up to 10 to 20 occurrences per
year are considered acceptable.

The boiler 1is capable of a maximum continuous superheater steam
flow ot 257,190 kg/hx (567,000 1lb/hr). The minimuu automatic
operating level ot the boiler is about 88,900 kg/nr
(196,000 1b/hr) steam flow based on a turbine-yenerator output ot
about 23 MWe.

£.1.7.0 Startup and Standby

Warming the boller and turbine irom a cold (shutaown) condition
to the minimum automatic operating level (88,%00 xgshr sceam)
regulres burning approximately 2,830 m3 at 16°C (100,000 scf) ot
natural gas, about 106 x 10¢ kJ (100 MBtu) over a #4-hour period.
This warmup period is necessary to gradually increase boiler drum
temperature and avoid damage due to thermal stresses.

The boiler can be ®panked™ at warm standby (316-3719C) following
the 4-hocur warrup pericd for an overnight period. Neglectlinyg
losses during standby, about 63.3 x 10 kJ (00 x 106 Btu) are
reguired for initial warmup, and #2.2 x 1e kJ (¥0 x 106 Btu) to
pring the unit to the minimum automatic contrclled lcad or
23 Mwe.

Following operation, the bwoiler can be banked at a hot standby
(427%4829C) overnight. An estimated 15.8 x 306 kJ (15 x 10¢ Btu)
is required to return the unit +to the minimum autosatic
controlled load ot «3 MwWe.

E.1.1.7 Boiler afficiency

The boiler efriciency varies slightly with ditferent unat lcads.
Values ot estimated boiler eiriciency are shown at five loads on
Taple E.1-1. These values were predicted based on boiler aesign
information provided Dby the manufacturer. Actual boiler
performance at full and part 1load has snown nigher boiler
etficiencies.
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E.1.2 Turbine-generator

The major design features and operating limitations of the Newman
Unit 1 turbine-genecator are described in the tolilowing sections.
A Cross section of the turbine-generator iS shown 1n
Faigure E.1-3.

E.1.2.1 Design

The 75 MWe (nominal) Allis—-Chaimers steam turbine—generator unit
was designed to deliver 82 MWe continuously at 3,600 rpm. The
tandem—compound, dounle-flow construction steam turpline 1s
designed for throttle steam conditions ot 10.1 MPa (1,465 psia),
main steam temperature of 538°C (1,0009F), reheat temperature of
538°C (1,000°F), and 5.08 KPa (1.5 inches Hg) absolute
backpressure.

The steam turbine is arranged tor a single exnaust connection to
the condenser and for extraction of steam at 1five points I10r
feedwater heating and deaeration.

Two main steam stop valves are mounted on the front of the steam
chest which is separate from the turbine proper. The steam chest
contains six control valves with six inlet bend connectinyg pipes
to the high pressure turbine. Two reheat intercept vaives and
two reheat stop valves are also included.

A turbaine mechanical-hydraulic control system 1inciudes a
hyaraulic cil relay type constant speed governor. A Steam chest
control valve gear is automatically controlled trom the load
limit device and operating governor. The load limit 1s manually
operated.

The alternating current generator 1s rated at 96,000 kva,
0.85 power factor (lagging), 13,800 Vv, 3 phase, 60 #4z, 3,000 rpm,
4,017 amp per phase at 0.31 MPa (45 psia) hydrogen pressure.

E.1.2.2 Operation and Limitations

The performance of the turbine—-generator and operxrating
limitations associated with flow, temperature, and pressure are
described in the following sections.

E.1.2.3 Pertrornance

The turbine 1s designed to give the lowest heat rate when
carrying a load of 81.5 MW at 85 power factor, 0.31 MPa (45 psia)
hydrogen pressure, with an exhaust pressure of 5.08 kPa
(1.5 1nches Hg), and with steam extracted from the five
extraction pornts to provide temperature of 235.7°C (456.3°F) fror
the feedwater leaving the first point heater.
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The overall efficiencies of the generator and exciters are
summarized in Table E.1-2. '

E.1.2.4 Temperature Limitations

The steam temperature at the turbine main stop vailve shall
average not more than 538°C (1,0009F) over any 12 montn operating
period. In maintaining this average, the temperature shall not
exceed 546°C (1,0159F). For abnormal conditions, maximum
temperature shall be limited to 552¢C (1,0259F) for operacting
periods of not more than 400 nours for a 112-montn period. in
addition, steam temperature may rise to 506°C (1,050¢9F) for a
15-minute duration or less, aggregating not more tnan 8V hours
per 12-montn operatinyg period.

The turbine may be operated with cnhe reheat valve closeda as long
as the pipe metal temperature difierential between the operating
and isolated reheat steam headers 1s maintained at or below 10€C

buring startup, 1t is recommended that tne exhaust temperatures
be xept below 66°C (1509F) by increasing exhaust vacuum or by
using water sprays in the exhaust ends.

E.1e2.5 Pressure Limitations

The steam pressure at the turbine main stop shall be controlled
so that it does not exceed 10.1 MPa (1,405 psia) at rated output,
put it 1wmay increase to 10.6 MPa (1,538 psia) as the turpane
output approaches zero. During abnormal conditions, the pressuxre
may rise to 13.1 Mra (1,900 psia) momentarily, but the aggregate
duration of such swings shall not exceed 12 hours per 1z-month
operating period.

E.le2.6 Load Limitations

The allowable rate of load change 1s based upon the measurement
of metal temperatures at certain critical areas of the turpine.
The turbine generator 1is equipped witn metal temperature
thermocouples located at the high pressure cylinder, reneat bpuwl
of the combined high pressure - intermediate pressure cylinder,
low pressure cylinder exhaust hood, steam inlet bends, and the
steam chest.

Rate of 1loading the unit should be controiled in order that tne
following conditions are not exceeded:

vondition Temperature Limit

Rate of metal temperature 1499C (3009F) per hour
increase

Temperature ditterential
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between outer cylinder wall
and cylinder flange, outer

surface:
(a) HP turbine 930C (200¢f) difrerential
{b) IP turpine 662C (150°F) dirferential
Temperature dirterential 66°C (150°F) differential

between cylinder flange
and corresponding bolt

Rapid metal temperature 389C (1009F)
cnange allowed providing

the new temperature is

held constant for 172 hour

before further changes

Ee1.2.7 Puture Madification

Moaifications forxr the turbine are presently scneduled tor the
period December 19¢2 through mMarch (983. These modifaications,
including increased and updated instrumentation, #1.l permit
reliable cyclic operation of the turbine as the unit is relegated
to peaking operaticn.

E.1.3 Boiler and Turbine Control Systems

The following sections descrike the design pmilosophy anda key
design teatures of the contrcol systems at Newman Unit 1.

#.1.3.1 Design Philosophy

The Newman 1 control system was designed tor vaseload operatioun,
with automatic contirol available for 1loads as 1ow as 23 MWe.
Mechanical-hydcraulic turbine controls interact witn pneumatic
poller combustion controls in a boiler-following control mode.
The roiler-following unit control concept 1s illustrated in
Figure E.1-4. A boiler-following unit control scheme is one
where the 1ioad 1s set at the turbine controls and the bciler
controls react to maintain reguired steam pressure. This type
control systen is intended for units that are primarily
baseloaded and change load gradually and infreguently.

E.1.3.2 Turbine Control System

Important elements of the turbine control system include the
governing system, turbine steam valves, turbine trip system, and
the load lamit control and speed changer.

E.1.3.3 Governing System

The governing system consists of a main governor, an overspeed
governor, and a load dump anticipator.
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The turbine main governor 1s a centrifugal type, gear driven rIrcm
the main turbine shaft. Decrease in generator load during normal
operating conditions is maintained py increase in turbine snatt
speea. Under these conditions, the governor causes the 1inlet
valves to partially close and throttle steam flow. In the event
of a generator 1load increase, which results 1n a turbine-
generator shaft speed decrease, the governor and servomotor react
in an opposite manner so as to open the steam inlet valves.

The overspeed governor is set t¢ trip the machine at 110 percent
of rated speed.

The load dump anticipator acts to close the reheat intercept
valves and main inlet (control) valves to a position slightly an
exceess of that required to carry the station auxiliary d{cad.
The speed governor assumes control of the intexcept valves to
hold speed and closes the intercept valves if the speed is 1n
excess of 101 percent. A roll-back relay operates the speed
changer motor which closes the control valves to reduce turbine
speed until the intercept wvalves open. This system is
anticipatory by design to limit turbine overspeed when the main
generator circuit breaker is tripped, in distinction from the two
governors describea above which operate when speed is already
above normal.

¥ ele3.4 Turbine Steam Valves

The main stop valves are opened by admitting stop valve control
o1l pressure wnich causes a piston to move tne valve stem against
a spring.

There are six pluyg type inlet (control) valves mounted 1n a steam
chest separate trom the turpilne proper. A common cam shaft, aliso
mounted on the steam chest, has a separate cam for each inlet
valve. These individual cams open and position the spring-loaded
iniet valves, as required by turbine load, as a function of main
cam shaft position. A mechanical linkage connects the main cam
shaft to the controls and governor. When the turbaine 1s carrying
a ioad, the intetr valves are positioned py manual maniputation of
the load limit control.

There are two reheat intercept valves: one located in each of
the parallel high temperature reheat steam lines and immediately
upstream of the reheat stop valves. Each intercept valve 1is a
single seated globe type valve opened by the intercept valve
operating o0il pressure. 1If the reheat stop valves close because
of a decrease in trip o0il pressure, this closes tne intercept
valves automatically.

Tne intercept valves are wide open during normal tucrbine
cperation. Upon sudden load rejection, the turbine starts to

increase shatt speed and the main governor reacts and causes the
valves to begin to close. At 101 percent of normai speed, the
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intercept valves start to close and are fully closed at
103 percent speed. As the turbine snaft speed increases, the
control system continues to close the intercept valves untal the
valves are tightiy closed at approximately 103 percent of normal
speed. If the shaft speed starts to decrease back toward normal
operating speed before the intercept valves are completely
closed, the oontrol system reverses the action described above
and opens the valves. There are two reheat stop valves: one 1in
each of the two parallei high temperature reheat steam lLines
located just downstream of the reheat intercept vaives. The stop
valves are an unbalanced, wing check type, opened by trip oil
pressure. Loss of trip o0il pressure closes the reheat stop
valves.

E.1.3.5 Turbine Trip System

The turbine-generator unit 1is, or can be, tripped bpy the
followang:

Manual trip button in control room

Mmanual trip button cn starting panel at front cf machine
Automatic trip on low condenser vacuum (18 inches Rg abs)
Automatic trip by solenoid valve

Automatic trip by overspeed governor

The means for tripping the turbine 1s tc¢ arain oil back to the
turbine 0il tank which then permits the springs to close the main
steam stop Vvalves, reheat stop vailves, and reheat 1intercept
valves.

The vacuum trip mechanism 1s provided tor the purpose of trapping
the turbine upon loss ot vacuum.

The solenoid trip can be actuated by tile following:

Boiler trip auxiliary relay

Unit and generator difterential relay
wenerator ground auxiliary relay

Loss of field relay

Negative phase overcurrent relay

Control room benchboard mounted pushbutton
Low relay oil pressure

The manual trip button on the turbine starting panel actuates tne
solenoid trip by a mechanical linkage.

The primary function of the poiler trip relay is to protect the
reheater. The relay operates to trip the fuel to the boiler on
load rejection 1f the turbine iniet (control) valves stay in the
no-load position for more than 10 seconds. The relay operates
instantaneously when the turbine main steam stop valves close.
For operation of the unit at light loads and during startup, a
setup circuit is provided that automatically puts the bciler trcip
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relay 1in service atter the unit reaches approxamately
20-50 percent load. The boiler +trip relay can be manually
tripped by a control room benchboard pushbutton.

When +the unit 1is tripped and after the intercept valves close,
steam remains "bottled up" in the intermediate and low pressure
sections of the turbine. To limit shaft accelexation due to this
steam leaking through the shaft seals from the intermediate
pressure to the 1low pressure turbines, a reheat aiaphragm
unloading valve and a balanced piston loading valve are provided.
They discharge the steam to the main condenser.

E.71.3.6 Load Limit Control and Speed Changer

The load limit control is normally used to limit the maximum toad
to be carried on the unit and, as such, 1t is set at a load
greater <tnan the operating point or expected range. The load
limit control may also be used to maintain a specific load on tne
unit and, at such times, the main governor does not act as a
regulator and ioad increases cannot be made at the control board.
The load limit device is a control oil flow regulator vetween the
control oil supply from the main governor to the main servomotor
which controls the inlet valves. The load limit device is
operated from the starting panel at the front of tne machine and
the setting is indicated by a dial indicator above the control
knob.

The load limit control is aiso used when starting the turbine and
bringing it up to speed prior to loading the generator.

The speed changer can be controlled from eitner the knob on the
starting panel at the front of the machine or by a control switch
on the control room penchboard.

£.%.3.7 Boiler Control

The primary functions of the pneumatically operated combustion
control system is to maintain required steam pressure at the
turpine steam throttle valves by proportioning the fuel-aix
supply in accordance with steam demand for maximum combustion
efticiency. Aaqditional control functions include control ot
superheat and reneat tempercure, and feedwater flow.

E.1.3.8 Steam Pressure Control

Changes in main steam flow to the turbine are accompanied by
changes in the steam pressure. Following an initial steam
pressure change, the master pressure reguiator (sensitive to the
pressure of steam to the turbine throttle) automatically restores
the steam pressure to the set value of 10.1 MPa (1,450 psig) by
appropriately adjusting the furnace firing rate witn proper
pneumatic signals to the forced draft fan inlet vane contxol
drive and to the fuel gas control valve. The pneumatic signal to
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the former is biased as necessary by the fuel-air ratio
controller to maintain the maximum combustion efficiency.
However, the fuel-air ratio controller in turn may be biased
slightly also by the excess air adjustment relay to alter
fuel-azir ratio for maintaining desired zreheater outlet steam
temperature.

E.1.3.9 Fuel-Air Ratio Control

The fuel-air ratio control receives pneumatic signals from the
air flow transmitter and from the gas flow transmitter. The
pneumatic signal from the air flow transmitter may be biased by
another pneumatic signal from the reheat steam temperature
control, prior to its being received by the fuel-air ratio
control.

The fuel-air ratio control sends a pneumatic signal to bias the
signal sent from the master pressure regulator to the forcea
drart fan inliet wvane control drave, to provide for maximum
combustion etficiency consistent with excess alr alterations
reguirea for satisfactory reheat steam temperature control.

E.1.3.10 Fuel Control

Fael flow to the burners is measured by a flowmeter which
actuates a pneumatic transmitter. Signals from this transmitter
are sent to the fuel-air ratio controlier, the ruel gas flcw
recorder, and tuo a Standatrol relay installed in the pneumatic
signal 1loading line from the master pressure regulator to the
fuel gas control valve. The purpose oxr this relay, which also
receives a pneumatic loading signal from the air flow
transmitter, is to prevent the fueli-air ratio from rising to a
dangerous value which could happen if the air flow was suddenly
decreased to or near zero. This relay would cause tne fuel flow
to tollow the air flow down, preventiny the formation of a
dangerously rich fuel-air mixture and resulting in a hazardous
conditions.

To prevent the occurrence of a dangerously lean mixture, a tuel
minimum flow control valve is 1nstalled in parallel with the
aforementioned fuel control valve. Should the fuel control valve
pe closed sufficiently so that the fuel pressure dJdownstream
becomes too low for stable combustion in the furnace, the fuel
minimum flow control valve opens tc maintain a minimum downstream
tuel pressure sutticient to prevent the burners trom losing
ignataion.

£.1.3.11 Air Flow Control
As mentioned under steam pressure control, air flow to the boiler
is controlled by the forced dratt fan inliet vane control drive

which responds to a pneumatic signal received directly from the
master steam pressure regulator. However, this pneumatic¢ siagnal
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passes through a limiting relay which also receives a pneumatic
signal indicating fuel flow. This limits the minimum signal to
the forced drart fan to match minimum gas flow. Should, on an
increase in boiler load, the fuel flow not respond (within
limits) as quickly as required, the pneumatic signal to the
forced draft fan vane positioner is delayed to maintain a safte
fuel—-air ratio for preventing blowing out the furnace burners.

E.1.3.32 Superheat Temperature Control

with steam flows greater than hali-load, measures must be taken
to limit the rfinal steam temperature to the maximum design valiue
ot 5410C (1,00590F).

Selection of fuel burners to be used.

httemperator sSprays 1in the connecting pipes Dbetween the
primary ana secondary superheater sections.

Use of the lower two or three burner rows at any steam flow tends
to increase furnace heat absorption in relation to other heating
surfaces and have a resultant effect on lowering tinal superheat
temperature. Conversely, at loads below nalf-load, tfiring the
upper row or two rows of burners as reguired helps to increase
final superheat temperature.

At high loads the total steam temperature leaving the superheater
cannot pe controlled by burner position alone and attemperator
sprays must be used.

E.1.3.13 Keneat Temperature (Control

The reheater is designed to produce a final steam temperature of
5410C (1,0050F) . Attemperator sprays 1located an the low
temperature reheat steam lines just ahead ot the connecticns to
the inlet header are provided. Water to the attemperators 1is
taken from the tourth stage of the boiler teed pumps. &t low
steam flows, steam temperature can be maintained at or near 541eC
(1,0050F) by ancreasing the percentage of excess combustion alr.

#£.1.3.14 Feedwater Control

The flow ot feedwater, to maintain proper boiler drum level anu
provide for steam tlow requirements, is regulated by a three-
element type controller. This control directs the operation ot
the two tfeedwater regulating control valves, one in each of the
poiler feed pwnp discharge lines.

E.1.4 Feedwater System

The feedwater system includes the condensate pumps, Steam air jet
ejector condenser, gland steam seal condenser, tive stages of
feedwater heaters, €vaporator condenser, and boiler feea pumps.

E.1-11
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A fire protection system 1s provided for the general yarda areas
including tne area adjacent to the cooling tower. The systewm
consists of 20.3 cm (8 inches) underground main along the nortn
side ana east and west ends of tne Newman Station. Water
pressure to the system 1S boosted by a fire pump. &Hydrants and
nose stations are located at various points throughout the yard.
The Newman Unit 1 main transformer, station service transformer,
and the reserve station service transtormer axe provided with
individual water spray systems.
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AND BOILeR

At full turbine 1load, the feedwater temperature is raised to
approximately 2360C (4570F) and pressure is raised to
approximately 11.0 MPa (1,600 psia). The flow of feedwater, to
maintain proper boiler drum level and provide for steam slow
requirements, is regulated by a three-element type controller.

E.1.5 Condensing and Circulating Water Systems

The circulating water system includes two circulating water pumps
which discharge cooling tower basin water through the condenser
back to the cooling tower. The cooling tower is a cross-flow
induced draft type with five cells. Circulating water makeup is
supplied from the well water tank or the well water suppiy line
to the tank. Cooling water for the generator hydrogen coolers

and turbine o0il coolers is supplied from the circulating water
system.

E.1.0 Compressed Air Systems

All pneumatic instrument and control equipment is supplied by the
instrument compressed air system which includes a single-stage,
double-acting horizontal reciprocating compressor, aftercooler,
moisture separator, air receiver, and air dryer. The air
compressor is rated at 0.08 m3/s (80 scfm) and 793 kKPa
(100 psig). When instrument air pressure drops to 552 kPa
(65 psig), service air is directed to the instrument compressed
air system to ensure system requirements.

The service air system supplies compressed air for furnace aoor
aspiration, blowing out tuel gas 1lines, and tor general

housekeeping purposes. The compressor is a two stage double-
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E.2 EXISTING UNIT PERFORMANCE SUMMARY

Thas section summarizes the operating characterastics and
performance of Newman Unit 1.

E.2.1 Unit Characteristics

Newman Unit 1, currently an intermediate load unit, operated
approximately 46 percent of 1981 with a 25 percent capacity
factor. Last year <the unit had a scheduled ocutage rate of
7.5 percent, and a torced outage rate of 12.0 percent. The major
forcea outage in 1981 was due to a boiler leak. Operating and
maintenance costs (excluding fuel) for 1981 are estimated to Dbe
$669,000.

Newman Unit 1 consists of a 75,000 kw (nameplate) tandem-—
compound reheat turbine~generator and a 254,000 kg/hr
(560,000 1b/hr) steam generator. This unit currently generates
82 MW (net) at full load. Steam conditaions at the turbine
throttle are 10.%1 MPa (1,465 psia) and 538°C (1,000°F) wath 538°C
(1,000°F) reheat. The steam generator 1s designed tO burn
natural gas and occasional tuel oil.

The electracal output of the wunit 90,000 kVA generator 1s
delivered to the EPE system through a 95,000 kVA FOA 13.8/115 kV
step-up transiormer to the 115 KV substation transtormer.

Table E.z2-1 summarizes the design conditions of the plant
components at maximum unit capability.

E.2.2 Unit Pertormance

The original plant design heat balances at 83 MW gross and
approximately half unit capability (41 MW gross) are presented
in Figures 6.2-1 and E.2-2, respectively. Actual performance
indicates that the maximum unit gross output 1is 86 MWe versus
83 MWe . The design heat balance for 41 MWe shows tne reheat
temperature at 4910C (9159F) due to the lower burner firaing rate.
In actual operation at 1low loads, the reheat is maintained at
5389C (1000°F) by increasing the excess alr to the boilerx.

Table k.1-1 summarizes the calculated unit heat rates, boiler
efficiencies, and superheat and reheat temperatures at various
loads. Overall efficiency of the generator and exciters as a
function of load are tabulated in Table E.1-2. Tests will bpe
conducted during the solar repowering system design phase to
update the performance of the unait and the values given 1in
Taples E.1-1 and E.1-2.



STATION DESIGN SUMMARY AT MAXIMUM UNIT CAPABILITY

Turbine-generator*
Generation, kW (grqss)
Generation, KW (net)
Steam at main stop valves

Pressure, MPa (psia)
Temperature, °C {(°F)

Steam at reheat intercept valves

Pressure, MPa (psia)
Temperature, °C (°F)

xtraction pressures, MPa (psia)

1st point (15th stage)
2nd point (21=t stage)
3rd point (26th stage)
4tn point (30th stage)
5th point (33rd stage)

Condenser vacuum, kPa (in Hg abs)
Flows, Kgs/hr (lb/hr)

To turbine main stop valves
Tco turbine intercept valves
1st poaint extraction

2nd point extraction

3rd point extraction?

4th point extraction

5th point extraction

To condenser

Circulating water to cooling tower,
m3/s (gpm)

Steam Generator

Steam flow at secondary superheater outlet,
kg/hr (lb/hr)

Jorum pressure, MPa (psia)
Fuel gas consumed, m3/hr (ft3/hr)

1 or 2
E.2-2

83,110

79,585

10.1
538

257,200
230,900
23,200
12,500
12,600
12,000
11,200
184,800

2.3

257,200
11.1

23,200

t1,465)
(1,000)

{u25)
(1,000)

(452)
(181.1)
(79.3)
(24.7)
(7.4)

(2.0)

(567,000)
(508,960)
(51, 110)
(27,570)
(27,730)
(27,750)
(24,620)
(407,370)

(36,800)

(567,000)
(1,610)
(749,000)




TABLE B.2-1 {Cont)

Auxiliary Power
Boiler feed pumps, condensate pumps, forced
draft fan, circulating water pumps,

coocling tower fans, air compressors, and
miscellaneous, kWe v 3,525

Heat Rate {at 6.8 kPa 2 in. Hg backpressure)

Turbine heat rate, kJ/kWh (Btu/kWh ) 8,700 {8,290}

station heat rate, kJI/kWh (Btu/kWh } 1@,800 {10,235)

NOTES:

* When operating at 0.87 power tactor and 0.31 MPa (45 psia)
H, pressure

1. Includes normal operation of evaporator to just make up losses.
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