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APPENDIX A 

SELECTION OF PREFERRED SYSTEM 

'!'his section ot the report summarizes the selection process 
resuiting in the most practica1 system configw:::ation for solar 
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 o:t specific solar components and the heliostat 
field geometry/tower locat1on. The syste1n trade study results 
are presented in Section A.3 including the rationale for 
selecting the preferred system configuration and the soiar 
repowering percentage. Section A.4 summarizes the 
characteristics of this preferred system. 

A.1 D~SCRIPTION OF SYSTEM ALTERNATIVES 

The EPE system has a total gene.rating capacity ot 1,033 M.We. 
Sufficient land is available to apply solar repowering to all EPE 
gas and oil-fired un1ts, which represent 922 MWe or 89 percent of 
the total system. EPE selected Newman Unit 1 ior 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 tnan 
14.2 kJn2 (3,500 acres) ot unencumbered, rlat land is available 
adjacent to tne Newman Station; (3) the remaining economic life 
of Newman Unit 1 favors dispatch of the solar repowered unit 
relative to the balance of the EPE systern; l4) 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 opera~ing 
conditions that coul.d result from solar application. 

Newman Unit 1 is an 82 MWe (net) tandem-compound, double-flow, 
reheat steam turbine built in 1960 for baseload duty using 
natural gas as the primary fuel (oil. as a limited alternate fuel. 
source). The Baseline Configuration for solar repowering Newman 
Unit 1 utilizes water/steam central receiver tecnriology to 
provide .main steam to the high pressure stage 10.1 MPa/538°c and 
reheat steam to the intermediate stage 2.9 MPa/538°C of the 
turoine generator. Fossil energy is used to supplement solar 
generated steam tor intermittent cloudy day operation and for 
economic · dispatch when solar energy is not available. This 
~'<>nf1guration 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 

minimum technology risk for operation in 1985 with hardware 
procurement beginning approximately 4 years earlier. 

A.1-1 



The rationale for EPE•s choice oi water/steam as the working 
fluid in its solar repowering conceptual design is t..hat 
water/steam systems are the simplest. lowest technology so1ution 
to solar repowering existing generating units and will, 
therefore. minimize technical risk. 

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

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

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

Water/stean1 systems use proven materials in proven 
applications; the behavior and lifetimes of tne materials are 
known under all expected operating conditions. 

The question of technical ris.K will be an important one in early 
solar repowering demonstrations. The goal ot a solar repowering 
demonstration will be to verify the technical viability of solar 
repowering concepts and developed hardware and it will serve as a 
necessary stepping stone to later large-scale stand-alone soiar 
facilities. EPE believes that the solar repowering design 
deve~oped for Newman Unit 1 minimizes technical risk since it 
incorporates proven• standard water/steam technology. 'l'his 
minimization of technical risk is important to the conservative 
electric utility industry. 

Expanding on the technical risk issue, an unfavoranle solar 
repowering demonstration may imply that solar is not an 
acceptable generation alternative for the 1990 1s. In EPE•s 
opinion, the system chosen for an initial demonstration must have 
a high probability to successfully prove that it may be sUitaoly 
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 heliostat field was sized to provide a 
repowering fraction of 75 .percent at an insolation level of 
950 W/m2 at 2 p.m. winter solstice. The heliostat field 
consisted of 4,735 heliostats (81.b 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 netween the existing Newman 
Unit 1 and the solar subsyscem for the Baseline Configuration 
consists of (1) steam supply piping interface from tilt soiar 
(both primary and reheat receivers) and the fossi1 steam 
generators, (2) ieedwater piping intertace supply to the solar 
and fossil steam generators, (3) control interface between the 
fossil and solar subsystems, and (4) power supply .i.ntertace to 
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the heliostat tield, 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. Atternperation ot the solar generated. 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 whenever available, with fossil steam 
generation replacing any steam flow reduction due to intermittent 
cloud cover and for econonu.c dispatch. 

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

unit by means of a 
system of the existing 
the so1ar Sjstem by 

The heliostats employed in the collector field for design 
analyses are the Westinghouse Second Generation Heliostats, which 
have a glass reflective sur~ace 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 select~d as representative of the class of 
configurations that will be available in 198S for solar 
repowering applications. 

The external central receiver concepts (primary and reheat) 
employed for the Baseline Configuration are based on the advanced 
water/steam pwnped recirculation central receiver technology 
being developed oy DOE. This boiler technology is wel.l known 
throughout the utility industry. Primary receiver length is 
27.ij m and the diclmeter is 18.4 m. Length ot 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) 011 

the basis ot utilizing commercial/utility .boilex design 
approaches, utilizing conventional boiler materials with known 
properties and demonstrated lifetimes~ having the greatest 
potential to satisfy 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 \lll.J..t and tor 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. 

A.1-3 



The data presented in Table A.1-2 were used for tht 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 .ouilding foz supplying 
the reheat steam conditions, as opposed to the field location 
established for the Baseline Configuration as indicated in 
Taole A.1-1. It should be further noted that th~ Preferred 
Configuration selected from the trade studies provides a 
heliostat north field geometry with a single tower, located 
adjacent to the turbine building, supporting bot.n the primary and 
reheat receivers. The selected configuration does not influence 
t~e relative comparisons of the system alternatives since each 
alternative can utilize the north field geometry; rather, the 
primary eftect is a reduction in the magnitude of tne cost/value 
ratios which will be presented in Section A.3. 

Four alternate configurations (Table A.1-1) were developed to 
assess the perrormance, economic attractiveness, ease of 
op~ration and maintenance, and environmental and safety impact of 
the Baseline Configuration. The alternate configurations were: 
(1) a configuration incorporating thermal energy buffer 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 supp1ement the solar 
generated reheat steam, and (3) a configuration using solar 
energy (with the option of nufter storage, the fourth 
configuration) to provide primary steam to the high pressure 
stage and using tossil 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 studi~s on the .basis of being 
~ess cost effective than the other system configurations while 
not offering any benefit in terms of improved operations, reduced 
maintenance, or ennanced reliability. Th~ cost estimates for the 
alternate configuratio~s are presented in Section A.3. 
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1~ CONFIGURATION DESCRIPTION 

(a) Primary Steam 

(b) Reheat Steam 

(c) Buffer Storage 

(d) Intermittent Cloudy Day 

(e) Economic Dispatch 

2. REPOWERED UNIT CHARACTERISTICS 

(a) Unit Type 

(b) Unit Rating 

(c) Repowering Percentage 

(d) Collector Subsystem 

- Field Configuration 

- Field Area 

- Heliostat Area 

- Number of Heliostats 

(e) Primary Receiver 

- Type 

- Size 

- Heat LOSS 

TAl:ILE A.1-1 

SOLAR REPOWERED NEWMAN UNI'.r 1 CHARACTERISTICS 
OF ALTERNATE SYST.E.M CONFIGURATIONS 

Baseline 
Configuration 

Solar 

Solar 

Fossil Boiler 

Fossil. Boiler 

Reheat Steam 
Turbine 

79.6 MWe 

751 

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.b M'We 

751 

360 

1.7 km 

387,100 Ill 

4,735 

External 

18.4 m dia by 
27.8 m long 

25 .MWht 

1 of 3 

Alternate 2 

SOlar 

Solar 

Primar:y 

Butter Storage/ 
Awciliary 
Heater 

Fossil Boiler 

Reneat Steam 
Turbine 

79.6 MWe 

15~ 

360 

1.7 km 

387,100 m 

4,735 

External 

18 .4 Ill dia by 
27.8 m long 

25 MWnt 

Alternate 3 

Solar 

Auxiliary 
Heater 

Fossil. Boiler 

Fossii Doi.I.er 

.Reheat Steam 
Turbine 

79.o MWe 

b41 

3(10 

1.7 km 

329,000 m 

4,025 

External. 

18.4 m dia oy 
27.8 m long 

25 MWnt 

- -

Alternate 4 

Solar 

Aux.1.liary 
Heater 

.Primacy 

Bu:tfer Storage/ 
Auxiliary 
Heater 

Fossii .E:101.1.er 

.Reheat Steam 
Turbine 

79.b MWe 

b41 

3b0 

1.7 XIII 

329,000 m 

4,0..!5 

.t.xterna.l. 

1tJ.4 m dia by 
:t7.8 m long 

4:5 M.Wnt 

- -



(f) Reheat Receiver 

- Type 

- Size 

- Heat Loss 

(g) Tower 

- NUml>er 

- Height 

(h) EPGS 

- Gross Unit Efficiency 

- Net Unit Efficiency 
(Solar/Fossil) 

- Turbine 

- Port Load 

- Minimum Output 

- aeat Rejection 

(i) Fossil Boiler 

- Type 

- Rated Load Efficiency 

- Part Load 

- Startup Energy 

- Bank Energy 

- - - - - -

Baseline 
Configuration 

External 

18.4 m dia by 
5.0 m long 

5 MWht 

1 

170m 

41.3 

37.5/39.5 

10.1 MPa/538°C/ 
538°c 

EPE Correction 
curve 

8 MWe 

Wet Cooling 
Tower 

Gas/Oil 

84.4:1 

84 .. 41 

10&x10 kJ 
(100 MBtu) 

•rABLE A. 1-1 (Cont) 

Alternate 1 

External 

18.4 m dia by 
5.0 m l.ong 

5 MWht 

1 

170 m 

41.3 

37.5/;39.5 

10.1 MPa/538°C/ 
538°c 

EPE Correction 
curve 

8 MWe 

Wet COOling 
Tower 

Gas/Oil 

84.41 

84.4:i 

106x10 JtJ 
(100 MBtu) 

15.8x10 kJ/startup---­
(15 MBtu/startup) 

2 of .3 

Al.ternate_2 

External 

18.4 m dia by 
5.0 m long 

5 MWht 

1 

170 m 

41.3 

31.5/39.5 

10.1 MPa/538°C/ 
53t1°c 

£PE. Correction 
C."Ul.-ve 

8 MWe 

Wet Cooling 
ToWer 

Gas/Oil. 

84.4' 

84.41 

106x10 kJ 
100 MBtu) 

- - - - - - -

Al:t.ernate 3 

1 

155 m 

41.J 

37.5/39.5 

10.1 MPa/53&°C/ 
538°c 

EPE Correction 
Curve 

8 MWe 

Wet Cool.ing 
Tower 

Gas/01.l 

84.U 

8~.41 · 

106x10 kJ 
(100 MBtu) 

Al.ternate 4 

1 

155 m 

41 • .s 

37.5/39.5 

10. 1 iVJPa/53t1°C/ 
53a 0 c 

EPE. correction 
C.'urve 

8 MWe 

wet cool.ing 
Tower 

Gas/Oil. 

&4.4:\ 

84.4~ 

10bx10 kJ 
(100 MBtu) 

15.Sxl0 kJ/Startup---­
(15.MBtu/startup) 

- - - - - -



- - - - - - - - - - - - - - - - - - -
TABLE A.1-1 (Cont) 

Baseline 
Cp.nfiquration Alternat~J Al.ternate 2 Al.terna-c.e 3 A.lternate 4 

- Minimum Standby 3&1 --- ---- 3bl 

(j) Auxiliary Heater 

- Startup Energy/ -- --- 37.1x10 kJ 37.1x10 kJ 37 .1x10 .k..l 
(35 MBtU)/ (35 MBtu)/ (35 M.Btu)/ 

Bank Energy 8x10 kJ 8x10 kJ 8x10 kJ 
(7.5 MBtu) (l.5 MBtu) (7.5 .MBtu) 

- Efficiency --- --- b51 851 t15lt 

(k) Buffer Storage 

- Size --- 15 Min 15 Miu -- 15 Min 

- Efficiency ---- 100i 100, --- 1001 

- Turbine ---- 482 8 C/4828 C ---- --- 482°C 

3 of 3 
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TABLE A.1-2 

SOLAR REPOWE.R£D NEWMAN UNIT 1 BASELINE CONFlbUI<ATION -
75, REPOWE.RING FRA.C'l.'ION (SOLAR REHEAT-SEPARATE TOWER) 

REVISED COST .ES'l'l1-1.A.'I'ES ( 1980 MILLIONS OF DOLLARS) 

Category 

5100 Site Improvements 

5200 Administrative Areas 

5300 Collector Subsystem 

5400 Receiver Subsystem 

Priinary Receiver 
Reheat Receiv~r 
Primary Tower 
Reheat Tower 
Primary Piping 
Reheat Piping 

5500 Master Control Subsystan 

5600 Nonsolar Energy Subsystem 

5700 ~nergy Storage bubsy5tan 

5800 Electric Power Generating ~u.bsystem 

Total Direct Cost 

Cont.1.llgency ana Spares ( 15 Percent) 

Indirect Costs (lj Percent) 

'l'otal. Capital Investment 

AFUDC (20 Percent) 

Tota~ Capitalization 

Annual O&M (3 Percent) 

1 of 1 

Demonstration 
Unit 

5.o 

1.0 

titi.O 

~i.2 

(10.5) 
( .l.~) 
( 2 .il) 
( 1.0) 
( -..S) 
( 1.0) 

... b 

0.5 

0 

.i.4 

123.3 

18.5 

18.S 

lb0.3 

_J2.0 

1~2-~ 

5.& 

N't.h 
Unit 

5.6 

1.0 

.l"'-~ 
1~-5 

(8 .4) 
(2 .2) 
(i. .4) 
(1.0) 
(4 .5) 
(1.0) 

1.1 

o.s 

0 

.t. • .l 

52.1 

7.b 

7.8 

01.·1 

13.5 

81.2 

2 .4 
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A.2 SUBSYSTEM ANALYSIS RESULTS 

This section presents 
collector, receiver, 
subsystems. 

the 
and 

A.2.1 Collector Field Studies 

trade-off 
thermal 

study 
energy 

re&-ults 
buffer 

for the 
storage 

The Baseline Configuration utilizes a 360° field of heliostats 
located north of Newman Unit 1. '!'he primary and re.neat 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 collect.or subsystem to assess the mtrits 
of (1) alternate tield locations, (2) north field with the tower 
adjacent to the turbine building (requiring the relocation ot 
Fann Road 2529) versus the 360° field of heliostats for .ooth the 
primary and reneat receivers, (3) a separate heliostat field and 
tower for both the primary and reheat receivers, and. (ij) locati.ng 
tne reheat receiver at a station below the top of the primary 
tower. The results ot these trade studies are summarized in 
'l'able A.2-1. The most cost effective contiguratiun utilizes a 
north tield of heliostats with a single tower housing both the 
primary and reheat receivers located near 't.he turbine .ouildi.ng. 
The centerline of the reheat receiver for this configurdtion is 
located at a station approximately t,0 m below the centerline of 
the primary receiver. 

This configuration results in an effective cost savings of 
approximately 12 million dollars when compared to the Bastline 
Configuration (including provision for relocating !!"arm to I-tarket 
Road 2529 to the north). This cost saving is primarily realized 
from a reduction in -c.he number of he.Liostats resul-c.ing from the 
nor~h field and from savings in primary and reheat piping 
resu.lting from locating the tower near the turbine building. 

A.2~2 Water/Steam keceiver Concepts 

The Baseline Configuration defint:!d in -c.he proposal tor solar 
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/538DC) and rel1eat 
steam to the intermediate stdge (2.9 MPa/538DC) of the turbine 
generator. A trade study was performed to assess the merits ot 
the application of improved water/steam receiver concepts 
(recirculation boilers) to repowering Newman Unit 1. 

Four water/steam receiver concepts were reviewed for this 
application as follows: 

A.2-1 



Receiver Configuration 

J:.xternal/Once-Through Boiler 

External/Forced Recirculation 
Boiler/Screened Tube Concept 

External/Forced Recirculation 
Boiler 

cavity/Natural Recirculation 
Boiler 

Primary Vendor Contacted 

Rockwell International 

babcock and Wilcox 

Combustion sgineering 

Martin-Marietta/ 
Foster Wheeler 

The first concept is currently being developed by DO~ tor 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 Facility 
in Albuquerque, New Mexico. DOE as part ot: the Advanced 
Water/Steam Receiver Program is studying the latter three 
concepts. The Phase 1 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 performanct:: of the EPE Program. Note that the vendors 
indicated a willingness to respond to a future receiver 
procurement specification to be issued as part of tne design 
phase of the demonstration program even though the configuration 
may differ from their recommended designs. This trade study is 
therefore concerned only with selecting a receiver concept. A 
vendor will be competitively selected in a sUbsequent program 
phase. 

'l'able A.2-2 presents a swrmary of key design, performance, and 
cost characteristics fo.r each of these concepts. These data were 
developed on the basis of providing a primary receiver thermal 
power output of 141 MW which is equivalent to a 7!> percent 
repowering fraction. 

The alternate concepts were compared on the basis of the 
following criteria: performance, costs, developinent risk, 
operating and maintenance, reliability, satety, and new 
technology demonstration. The characteristics of each of the 
receiver concepts relative to these critaria 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 technology on the basis of utilizing proven 
couuuercial/Utility boiler design approaches, utilizing 
conventional boiler materials with known properties and 
demonstrated lifetimes, having the greatest potential to satisfy 
intennittent cloudy day operating requirements, minimizing 
maintenance, more closely matching existing water treatment 
facilities capabilities, and being available for a 1985 
demonstration. The external, pWllped recirculation receiver was 
preterred to the cavity, natural recirculation receiver on the 
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oasis of lowest capital cost, comparable performance and 
reliability, a delivery schedule more compatible with a 1985 
demonstration, less susceptibility tot.low stagnation and burnout 
in low heat flux regions, and ease of replacement, if necessary, 
ot tne superheater tubes. The comparison was closf'::. enough, 
however, that EPE would not object to substitution of an internal 
cavity receiver if it was desirable to demonstrate this concept. 

A.2.3 Thermal Energy Buffer Storage (TES) Concepts 

Four thermal energy buffer storage (T~S) concepts were evaluated 
to determine if the inclusion of buffer storage as part of the 
solar repowering subsystem is cost effectiv~ for this 
application. A buffer storage system is not technically r€quired 
to permit urlit operation during interinl..ttent cloudy days since 
the existing fossil boiler can be fired at a rate ( 10-20 percer.tt 
steam flow/minute) sufficient to offset most of the anticipated 
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 tnis single-set sensible neat 
stordge system, the maximum achievable storage temperature is 
less than 3710c (700°~), therefore, the maximum steam temperature 
that can .tJe generated by this TES system is less tnan 3430c 
(650°F). 

Tl1e second TES concept uses a two-set sensinle heat storage 
system. In this concept, 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 utilized in 
heating a low temperature sensible r1eat storage set. 'l.'he high 
temperature storage set has a top storage temperature of s1ooc 
(9S0°F), sufficient to produce superheat stea.m 4d2°C at a 
pressure level compatible with the intermediate pressure {IP) 
turbine. 

The third TES concept stores only the energy trom the superheat 
of the charginy steam, while the saturated steam is then directed 
to the feedwater heaters. This concept can provide primary and 
reheat steam at a temperature o.t 482°c (~QOOF). 

The first concept was discaraed on the basis of not having the 
temperature capability to buffer the high pressure stage 
transients. Due to the increased nUJ11ber of heat exchangers and 
storage vessels, the second concept was judged to .be more costly 
than the thi1.d approacn. The third concept was developed in 
further detai.l to establish a capital cost estimate. 

Figure A.2-1 snows a flow schematic tor this low vapor pressure 
storage media (HITEC) concept. The achievable heat rate is about 
9,q11 kJ/kWh (8,920 Btu/kWh) with a net electrical output ot 7~ 
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MWe; the reduced output resulting from the reduction :ui steam 
temperature to 482°c. This concept also has a very luni.ted 
tslow) charging rat€. For exan1ple, if only the first point 
teedwater heater is supplied by the saturated steam from the 
charging circuit, it would require 4 hours to fully charge the 
•r£.s (15 minutes to discharge). ThE: capital cost estimate for 
this concept is approximately b million dollars (as indicated on 
I-'igure 3 .2-1) • 

In the low vapor pressure storage media concept, the cost of the 
heat exchangers comprises the greater part of the total '.rl!.S cost. 
Therefore, the fourth concept studied min.:i.mizes heat exchanger 
components in an effort to reduce cost. A variable pressure 
accumulator (VPA) is utilized to minimize the .t1~at. transttr 
surface area. The flow schematic ot the TES system is shown 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 latent heat is transferred to hot water. 
Assuming- the V~A fully-charged pressure is 10.3 MPa (1,500 psia) 
and the fully-discharged pressure is 3.4 MPa (500 psia), then 
wnen fully discharg~d, 90 percent of the accumulator volume is 
fillt:!d with saturated high temperature water at 31JOC {5~60F), 
with a cushion ot saturated steam (at the same temperaLure and 
pressure) above it. In the discharge mode, steam is drawn from 
the top as the pressur~ in the steam cushion decreases; some of 
tne water 1.n the vessel tldshes to steam. The steam from the 
accumulator is superheated to 4820C (900°FJ in the single heat 
exchanger and directed to the IP turbine. As flashing to steam 
is continued, the ~ater decreases in temperature, the Sdturdtion 
pressure decreases, and the water level is lowered by the amount 
of water converted to steam. In the discharged state, the 
accumulator water volume is t,Q percent. In this concept, all 
evaporation and steam generation are internal to the VPA. Tne 
heat rate is about 11,018 .kJ/kWh (10,500 Btu/kWh) and produced a 
net electrical power of 54 M.We. The capital cost estJ.mate tor 
this concept is approximately 5 million dollars as shown in 
Figure A-2; the major cost item is the accumulator. 

The value of thermal en~rgy buffer storage for this solar 
repowering application was established by dispatching the 
Baseline Contigu:cation and Alternate 1 (Table A.1-1) on tne EPE 
system (see Section A.3). This analysis indicated tLlat the 
capital cost of the thermal energy buf fe:z: storage subsystem tor 
providing primary and reheat steam must be less than .:l,1.5 to 
$2.5 million to be cost effective for solar repowering Newman 
Unit 1; otnerwise, it is more cost effective to uti1ize the 
existina fossil boiler to supplement the soiar generated steam 
tor operation ot the unit during cloudy days, provided the boiler 
can accommodate such supplemental operation. Since none of the 
concepts evaluated nave projected capital costs close to this 
range and since the boiler itself does not present any 
unreasonable operational constraints, the inclusion of a thermal 
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1. Configuration Description 

Solar Repowering Fraction (~} 
Prunary/Reheat Field 
No. oi 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 Wintex Solstice) 

Primary (MWt) 
Reheat (MWt) 

6. Demonstration Unit Cost (1980 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 STUDr !U.SULTS 

Baseline 
Contiguration 

75 
3b0°/3600 

1 
170/155 

820 

Exc.ernal 
1b.5 dia x 24.5 long 

External 
1b.5 dia x 5.0 long 

4023 
712 

191 
34 

8&.0 

10.5 
2.9 
3.7 
2.8 ---

---9..:.Q 

109.9 

Separate 3b0° 
Reheat Field 

75 
3b09 /3o0° 

:l 
159/bb 

770 

External 
15.0 dia x 27.0 long 

External 
9.9 dia x 11.5 long 

404d 
702 

193 
34 

8b.3 

10.5 
2.6 
3.7 
2.8 
1.0 

_hl 

109.4 

1 of 1 

- - - - - -

Separate N-Reneat 
Y-1el~ 

75 
3&09 /Noxth 

2 
159/132 

770 

.External. 
15.0 dia x 27.0 long 

.&xternal. 
1b.5 dia x 1b.5 long 

404d 
605 

19.:S 
33 

b4.5 

10.5 
2.& 
3.7 
2.8 
2.2 
~ 

107.3 

- - -

bk>rtn Fie.l.d 

7!> 
1&0° N/1b0° N 

1 
190/13..t 

1100 

J:iX't.er na.l 
15.0 cu.ax 20.0 long 

.t;JCC.erna.l 
15.0 dia x 20.0 lung 

37~0 
ti~ 

bl 
33 

80.0 

10.5 
3.1 
1.3 
l.b 

...!.:! 
99.5 

- - - -



- - -

Criteria 

Performance 

-

outlet Temperature 

outlet Power 

Efficiency 

Capital Costs 

r.eveloE-Cllent Risk 

Time Frame 
(from Contract Date 
through Checkout) 

Risk 

Operating Maintenance 

- - - - - - - - - -
TABLE A.2-2 

CHARACTBRISTICS OF AL'reRNATE RECEIVER CONC&PTS 

cavity Configuration 
Natural 

Recirculation Boiler 

516°c (Scalanle to 
555°c) 

141 MW 

9f, - 89ll, 

11.5M $ 

5 Years 

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

Conventional boiler and 
simple control systems 
with no pumping. 

Relatively slow 
transient response. 

Cavity may reduce 
impact of cloud 
cover transients. 

Replacement of panels 
is more difficult tor 
cavity than external 
configuration. 

R~ce~ver Alternatives 
£xternal Configuration 

Forced Recirculation 
Boiler 

Screened Tube Concept. 

516°c (Scalable to 
555°c, 

1UMW 

85 - 97,r, 

10.5M $ 

3.5 Years 

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

Conventional boiler 
with forced pumping and 
control system. 

Rl.bbed tube design 
enhances stability. 

Continuous pumping 
power is required. 

Panel concept enhances 
replacement time. 

1 of 2 

£Jtternal Contiguration 
One Pass Once-Through 

Ste~ Generator 

51o 0 c (~calaDle to 
555°C) 

141 Mk 

84 - 8{,j 

13.4M $ 

3.5 Years 

High risk design witn 
.boil.er technology that 
requires veriticaion to 
handle dynamic varia-
tions. · 

Design less conserva­
tive in terms of uibe 
size and control 
systems. 

Most complex system 
with complex control 
and pumping system to 
react to transients. 
Small orl.ficed tubes 
may be susceptible t.o 
plugging. 

- - - -
External Contigur at.ion 

Forced 
Recirculation .t:IOil.er 

High Temperature Concept 

5550c (Scala.nle to 
594°C) 

lq 1 MW 

85 - 871 

7.9M $ 

4 Years 

Intermediate risK with 
well established .boil.er 
technology; however,, 
less conserva.tive des1.gn 
approach and greater 
risK associated with 
coating degradation. 

C.Onventional .boiler 
with forced pUlllping and 
control system. 

Continuous pumping pa,,,er 
is required. 

Superneater exposed to 
larger heat flux 
gradients with oriticing 
reqU1.red to match t.1..ow 
w1.th gradient. 

-



-

Criteria 

Relia.bili ty 

Satety Factors 

New Technology Demon­
stration 

- - -

TABLE A.2-2 (COnt) 

R~ce~Y~~ ~_:t.~natives 

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 
burnout in low heat 
flux area. 

:r.xposure 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 Recirculation 

Boiler 
Screened Tu.be Concept 

Intermediate reliability 
with torced pumping and 
control system for re­
circulating boiler. 
Screen tube design re­
duces and flattens 
superheater heat flux 
and enhances lifetime. 

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

Forced recirculation 
boiler in solar appli­
cation. 

2 of 2 

- - - - - - -

E:xterna~ Configuration 
One Pass Once-Through 

Steam Generator 

Lowest reliability due 
to complex orificing. 
Pumping and flow con­
trol system ror 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 or Barstow 
demonstration. 

- - -

External COntiguration 
Forced 

Recirculation Boiler 
aign Temperature Concept 

Intermediate reliability 
with torced pumping and 
control system for re­
circulating ooila:. 
liigher quality of 0.5 
ma.Jces tube design more 
susceptible t~ DNB. 
although ribbed tu.be 
concept may offset 
pro.bl.em. 

Steiifil exposure due to 
failure in recircuiating 
pwnp and control system 
are ra:U.ures peculiar 
to forced circulation 
system. 

Forcea recirculation 
.boil.er in solar appli­
cation. 

- - - - -
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CHARGING 

STEAM 
TO FEEDWATER 
HEATERS 

FLOW SCHEMATIC 

DISCHI\RGHIG 

TO H,P, TURBINE 

SUPERHEATER REHEAT 

IIOILER 

PREHEATER 

FEEDWATER 

COST ESTIMATE (1980 M $) 

Desuperheater 1.19 

Boiler 1.88 

Superheater 1.02 

Reheater 0.79 

High Temperature 0.22 
Storage Tank 

Low Temperature 0.16 
FROM H,1', Storage Tank 
TURBINE 

Hi tee 0.61 

Hitec Pumps 0.12 

Piping 0.03 

Total 6.02 

FIGURE A. 2- I 
LOW VAPOR PRESSURE STORAGE 
MEDIA CONCEPT USING 
DESUPERHEAT TO CHARGE SYSTEM 



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

FROM 
RECEIVER 

TO I ,P, 
TURBINE 

DESUPERHEATER/ 
SUPERHEATER 

t 

FLOW SCHEMATIC 

DISCHARGE CHJ\RGE 

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 
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AK3 SYSTEM ANALYSIS RESULTS 

The integration ot solar repowered units into electric utility 
systems raises a number of questions as to the val.ue of the 
repowered units, problems they might introduce, and requirements 
that should be placed upon them. In addition to te ct.anical 
feasibility, economic and reliability impacts are a major concern 
to £P~. •rnis involves the cost of repowering, the quantity of 
fossil fuels displaced, a potential capacity credit for unit life 
extension, and the reliability ot the solar repowered unit. 

A cost/value analysis was pertonned to evaluate solar repower.ing 
of Newman Unit 1 on the EPE system. The analysis was performed 
using the methodology and computer programs dev~loped by 
Westinghouse as part of EPRI Contract RP-648. The following 
general asswnptions 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-6q8 

Newman Unit 1 operated to maximize the bene:cit of solar 
repowering 

N~wrnan Unit 1 operated from either solar, fossil, or d 
combination of solar and fossil modes 

Day•s insolation profile and load demand known in advance 

Thirty-year operating lite 

The characteristics of the plar.111ed ( 1985) EPE system wex:e modeled 
in detail. Hourly load demand, generation unit descriptions, and 
conventional fuel constraints were considered. Eighty-nine 
percent ot the present EP~ system generation capacity is composed 
of gas- and oil-fired Wlits; however, ny 1965 this percentage is 
expected to be reduced to approximately 50 percent by the planned 
addition of nuclear baseload units. Tne gas- and oil-fired units 
will be operated primarily on gas oetween 19oS and 19~0. because 
of the existing Federal regulations restricting the use or 
natural gas as a utility fuel after 1990, operation will be 
mos-c.ly on oil 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 tor use in.the 
analysis (Table A.3-1). Except for the escalation rate for gas 
and oil, the scenarios are identical. The A acenario assumes an 
8 percent escalation rate and the B scenario a 12 percent rate. 

A.3-1 



The solar repowered Newman Unit 1 is dispatched on the EPE system 
to maximize the benefit derived from solar repowering. The 
ability 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 ana 
reheat), the fossil boiler, or a combination of solar producea 
steam and fossil during cloudy days. A cloudy day tor 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 o~ EPRI Contract RP-6ij8-1, 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 Albuquerque, New Mexico 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 rtcords may 
correspond witll more insolation transients ot greater ~"tagnitude 
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 ana data on sky cover versus insolation transients are 
available for the El Paso region, or until planned pilot plant 
experiments fer 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 important 
in determining the economic benefit ot solar repowering. In 
order for the existing Newman Unit 1 boiler to he capable ot 
responding to insolation variations tiuring perioos 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 ot rated thermai 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 tor the repowered 
unit: 

Fossil Boiler Is Operated Only on Cloudy Days 

The tossil boiler is assumed to be started fran a cold 
condition for each cloudy day and also on those days it is 
economical to dispatch the unit on fossil fuel relative to 
the balance ot the EPE system. A 6-hour startup period is 
typical for the boiler in order to reach 36 percent of rated 
load. The fossil boiler is maintained in this minimum load 
condition (3b percent of rated load) throughout the cloudy 
day. The boiler firing rate is increased it it is economical 
to supplement the steam produced by the solar receiver (when 
compared to generating the equivalent power using units on 
the balance of the EPE system) or 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 ooiler is shut down at the end of 
each cloudy day unless economic dispatch considerations would 
continue its use. 

~il 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 is operating from 
solar generated steam, the fossil .boiler is maintained in a 
hot condition similar to the above scenario. At the end ot 
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 1 boiler in a warm 
standby condition for periods as long as several days; for 
longer periods the boiler mu.st be intermittently fired. The 
boiler can then oe 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 tossil fuel to operate tne 
unit and thus resulting in a more ravorable cost/value ratio. 
This operating scenario was used for most of the cost/value 
analysis. 

Table A.3-2 summarizes the results of the cost/vaiue analysis Ior 
the Baseline Configuration (detined in Table ·A.1-1). These data 
indicate that the Baseline Configuration results in substantial 
fossil fuel savings that are equivalent to approximately 110,000 
barrels of oil per year and has the potential (Nth unit) to be 
economically competitive (depending on the fossil fuel escalation 
rate) on the EPE sys~em. In addition, the data show that the 
repowered Newman Unit 1 is economically dispatched using 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 tractions 
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 
cost/Value ratio is fairly insensitive to repowering iractians 
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 ot the repowered 
Newman Unit 1 on the EPE system on fossil fuel. 

EPE operating personnel have established thdt, to:c· a 
demonstration unit, the minimum repowering fraction considered 
acceptable to adequately demonstrate the engineering, operating, 
and maintenance aspects of soiar repowering is 50 percent. As 
illustrated 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 tor the 
demonstration w1it will be based on a 50 percent repowering 
fraction. 

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

'I'he 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 cost/Value ratio ny less 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 the Baseline Configuration 
and Alternative 1 (Table A.1-1). The capital cost of the thermal 
energy buffer storage subsystem for providing primary and reheat 
steam must be in the range ot 1.5 to 2.5 million dollars to be 
cost effective for solar repowering Newman Unit 1; otherwis~, it 
is more cost effective 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 configurations 
identified in Table A.1-1, a set ot evaluation criteria were 
developed as follows: 

Cost 
Annual electrical energy output 
Cost/ben~fit 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 relative to these criteria are summarized in 
Tab1e A.3-3. Alternatives 1 and 4 which inc1ude 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 
Unit 1. A buffer storage subsystem is likewise not technically 
required to permit unit operation during intermittent clrudy days 
since firing of the existing fossil boiler can be increased at a 
rate sufficient (10-20 percent steam flow/minute) to offset most 
of the anticipated insolation transients. The inclusion ox a 
buffer storage subsystem in the demonstration unit could be 
accommodated if desirect by DOE to demonstrate this technology and 
would result in a modest savings in tossil 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 ris.Ks and costs associated wit:.h a system 
configuration utilizing a fast response buffer storage system 
will be increased in comparison to the Baseline Contiguraticn. 

In general, the Baseline Configuration is more attractive than 
Alternative 3 for this repowering application. Table A.3-4 
swmnarizes the strengths and weaknesses of these cwo 
configurations relative to the evaluation criteria. The prl.lllary 
factors in the selection of the Baseline Configuration over 
Alternative 3 is that it has the more tavorable cost/value ratio, 
it o±fers the greatest potential to conserve fossil fuel 
resources, and it provides the capability to demonstrate solar­
only operation with relatively small penalties in terms ot 
operating and maintenance constraints. and it is most reliable. 

A.3-5 
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TABLE A.3-1 

EPE ECONOMIC SCENARIOS (1985) 

h 

Present Worth Discount Rate 121 

Carrying Charge Rate 161 

Capital Cost, $/kWe 300/600/1400/1700 
(c-t/c-c/coal/nuc) 

Fuel Cost ($/MBtu) 

Gas/#& Oil/12 oil/14 Oil/ 3.bb/6.5/7.5/7.53/1.5/1.0 
Coal/NUC 

Fuel Escalation kate (l) 8/8/7/7 
(gas/oil/coal/nuc) 

Capital Escalation Rate 81 

O&M Escalation Rate 71 

1 of 1 
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1:l~ 

1&1' 

300/600/1400/1700 

3.bb/6.5/7.5/7.53/1.5/1.0 
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TABLE A.3-2 

COST/BENEFIT ANALYSIS RESOL'l'S FOR BASELINE CONFIGUl<ATION 
FOR SOLAR IU;POWERING NEWMAN UN:IT 1 EPE SYSTEM/ECO~IC 

SOLAR REPOWERING FRACTION (75 PERCENT) 

(10 6 1980 Dollars) 

Demon strati.en Unit Nth Unit 

Direct Plant Cost 123.3 52.1 

Plant Cost 
(PWRR, M$) 

Capital 206.6 87.3 
Operating 71.8 30.2 
Total 278.4 117.5 

Value (PWRR*, M$) 

Fuel Escalation 8 12 8 12 
Rate Percent Percent Percent Percent 
Fuel Savings 110.6 18&.0 110.& 1d6.0 
Fuel Cost -28.5 -48.3 -28.5 -48.3 
Variable O&M 3.5 3.5 3.5 3.5 
Capacity Credit 10 .2 10.2 10.2 10.2 
Total 95.8 151.4 95.8 151.4 

Cost 
(mills/kWh) 190.0 212.0 94.6 107.5 

Cost/Benefit 
katio 2.91 1.84 1.23 0.78 

Energy (10 6 kWh) 191.3 191.3 

Capacity Factor 0.265 0 • ..265 

* Present worth ot revenue requirements method 

1 of 1 
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Criteria 

Cost (Total 
capitalization) 

Annual Elec­
trical Energy 
output 

Cost/Benefit 
Ratio (B" Fuel 
Escalation) 

Annual Fossil 
FUel Savings 

Equivalent 
Barrels of 
Oil/Year 

Operating and 
Maintenance 
Factors 

Reliability 
Factors 

- -

TABLE A.3-3 

CHARACTERISTICS OF ALThl<NAT£ SOLAR R.t.POW.t'.RING SYSThMS 

Baseline Configuration 
Primary Steam - Solar 
Reheat Steam - solar 
Buffer Storage - None 

Demo Plant 
Nth Plant 

191 x 10 6 kWh 

Demo Plant 
Nth Plant 

109,400 

192M $ 
81M $ 

2.91 
1.23 

Next to fewest addec 
components 

More complex heliostat 
control system 

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

Next to most impact on 
operator training 

Intermediate impact on 
reliability 

-

Most heliostats 

Control system for 
focusing on 2 

- - -

s~~ern A~ternatives 
Alternate 1 

Primary Steam - Solar 
Reheat Steam - Solar 
Butter Storage -

Prim_aruReheat 

Demo Plant 
Nth Plant 

173 x 106kWh 

Demo Plant 
Nth Plant 

115,700 

201.M $ 

91M S 

2.92 
1.31 

Most added components 

More complex neliostat 
control system 

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

Requires most training 
of operators 

Greatest impact on reli­
ability 

Most heliostats 

Control system for fo­
cusing on 2 receivers 

1 of 3 

Alternate 3 
Primary Steam - Solar 
Reheat Steam - Aux Heater 

Buffer Storage - None 

Demo Plant. 
Nth Plant 

191 X 106.l(Wh 

Demo Plant 
Nth Plant 

60,000 

166M $ 
71M $ 

3.04 
1.29 

Fewest added ccmponents 

Less compl.ex hel.iostat 
control. system 

Turbine inlet temperature 
control is l.ess compl.ex 
with auxil.iary boiler for 
reheat 

Least impact on train­
ing of operators 

Least impdct on rel.i­
ability 

Fewest heliostats 

Control system for fo­
cusing on 1 receiver 

- - - - - - -

Alternate'4 
Pr .1.mary Stedl[1 - Solar 
Reheat Steam - Aux Heater 
Buffer Storage - Prrnry 

Demo Plant 
Nth Plant 

173 X 10 6 kWh 

Demo Pl.ant 
Nth Plant 

99,t>OO 

17t,M. $ 
80M $ 

J.:.ts 
1.~iS 

Next to most added com­
ponents 

Less complex he1iostat 
control system 

Tw:bu.e inlet tempera­
ture control. is l.ess 
cooiplex with auxi1iary 
boiler for reheat. use 
of Duffer storage in­
creases compl.exity. 

Next to l.east impact 
on training of operators 

Intermediate impact on 
rel.iability 

Fewest he1iostats 

Control system tor fo­
cusing on 1 receiver 

- - - - -
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Criteria 

Environmental, 
Institutional 
and Satety 
Factors 

Technical Risk 
for 1985 

- - - -
Baseline Configuration 
Primary Steam - Solar 
Reheat Steam - Solar 
Buffer Storage - None 

receivers 

2 receivers 

Less failure modes 

Larger terrestrial 
field for neliostats 

Greatest reduction in 
air pollution 

Development of low cost 
heliostat in progress 

Primary solar receiver 
requires design and 
test to spec. 

Reheat receiver re­
quires design and 
test to spec. 

- - - - - - -
TABU A.3-3 (Cont) 

System Alternatives 
Alternate 1 

Primary Steam - Solar 
Reheat Steam - Solar 
Buffer Storage -

Pr i.lnc:gll!t~h~~t. 

2 receivers 

Bufter storage and con­
nections to 2 receivers 

Most failure modes 

Largest terrestrial tie~d 
for hel1ost.4ts and ~utter 
storage 

Greatest reduction in air 
poll.ution 

Oevel.op111ent of low cost 
heliostat in progress 

Primary solar receiver 
requires design and 
test to spec. 

Reheat receiver re­
quires design and 
test to spec. 

Needs development of 
low cost, high tempera­
ture, fast response 
butter storage. 

2 of 3 

Al.ternate 3 
Pr1.IDary Steam - soiar 
Reheat Steam - P.wc Heater 

Buffer Storage - None 

1 receiver 

Oil fired auxiliary 
heater may be l.ess 
rel.ianle for fast 
tra~sient appl.ication 

Least failure moaes 

Smallest terrestrial 
t iel.d · tor hel.iostats 

Reduction in air 
pollution 

Requires Texas Al.r 
control. Board Licen­
sing and National. .Enerl;JY 
Act variance for new 
heater. 

Developnent of low cost 
heliostat .:a.n progress 

Prima.r}' solar receiver 
requires design and 
test to spec. 

Fast response auxil.iar:i,· 
heater requires design 
and test to spec. 

- - - -
Alt~nate ,. 

Primary Steam - Solar 
Reheat Steam - Aux Heater 
Buffer Sto+aqe - PrJ.mary 

1 receiver 

Buffer storage and con­
nection to 1 receiver 

Oil tired heat~ may ne 
l.ess reliable tor ~ast 
transient application 

Less failure modes 

Smal.ler terrestrial 
field for heliostats 
and butter storage 

Reauction in air 
pol.lution 

Requires Texas A:u: 
Conuol BOcU:d Licen­
sing and National Jmergy 
Act variance tor new 
heater. 

Development ot low cost 
neliostat in progress 

Prl..lll.ary soiar receiver 
requires design and 
test to spec. 

Fast respo~se auxil.iacy 
neater requ.ues design 
and test to spec. 

Needs devel.opment of l.Olll' 
cost, high tempera­
ture, tast response 
butter storage 

-



-

Criteria 

New Technol.ogy 
Demonstration 

- -

Basel.ine Configuraticn 
Primary Steam - Solar 
Reheat Steam - Sol.ar 
Buffer Storage - None 

Low cost hel.iostat 

Total solar input 
ca-,:>abil.ity 

Primary receiver 

Reheat receiver 

- - - -

'l'ASLE A.3-3 (Cont) 

Al. ternate 1 
Pr i.mary Steam - Solar 
Reheat Steam - Solar 
Buffer Storage -

l:'ri!uary/Reh~at 

Low cost nel.iostat 

Total. sol.ar input 
capability 

Primary receiver 

Reheat receiver 

Buffer storage 

3 of 3 

- - -

S~em Alternatives 

Alternate 3 
Primary Steam - Solar 
Reheat Steam - Aux Heater 

Buffer Storage - None 

Low cost hel.iostat 

Partial solar input 
capabil.i.ty 

Primary receiver 

Auxiliary heatex 

- - - -

Al.ternate ll 
Prunary Steam - So.lax 
Reneat Steam - Aux Heater 
Bw:fer Srnrage - PrJ.J11ary 

Low cost heliostat 

Partial solar input 
capability 

Primary receiver 

Auxiliary neater 

.&utter storage 

- - - - -
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TABLE A.3-tt 

COMPARATIVE EVALUATION OF SYSTBM ALTERNATIVES 

STRENGTHS: 

WEAKHESSES: 

Baseline 
Configuration 

Most tavorable cost/ 
benefit ratio 

Additional annual 
fossil fuel savings 
(over 30 percent) 

Littl~ impact on 
reliability 

Very little 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. 

1 of 1 

Alternative 3 

Lowest total capital 
costs 

Least requirements 
for operating and 
maintenance 

Least impact on 
reliability 

Very little impact:. on 
safety and environ­
ment 

Very iittle technical 
risk 

Does not demonstrate 
total solar input 
capability 

Increases fossil 
fuel consumption 



I 
I 
I 

3.5 

I 
I 3.0 

I 2.5 

I 0 
.... 2.0 

I 
<( 
a: 
IJJ 
::::, 

I 
...J 

~ 
...... 

1.5 

.... 
Cl) 

I 
0 
(J 

1.0 

I 
I 

0.5 

I 0 
100 

I 
I 
I 
I 
I 
I 

DEMONSTRATION UNIT 

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

EPE SYSTEM/ECONOMIC SCENARIO 

8% GAS/OI L ESCALATION 

--- 12%GAS/OIL ESCALATION 
FOSSIL BOILER STANDBY· 36% RATED LOAD 

150 200 250 300 350 
COLLECTOR AREA· 1000 M2 

25 50 

400 

75 
SOLAR REPOWERING ·FRACTION· PERCENT 

FIGURE A.3-I 

------ ---

450 500 

REPOWERING FRACTION ANALYSIS 
FOR THE BASELINE CONFIGURATION 

100 



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

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 is 
used to provide steam to the high pressure and intermediate 
stages of the turbine generator. The system and subsystem 
analyses sunmarized 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 for the solar repowering demonstration at Newman 
Station. The Preferred Configuration, based on a solar 
repowering fraction of 50 percent, utilizes a north fie1d 
f160° arc) of heliostats. A single tower housing the primary and 
reheat receivers is located adjacent to the turbine building. 
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 ot the Advanced Water/Steam 
Receiver Program. 

A.4-1 
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TABLE A.4-1 

SOLAR REFOW.r.JIBD 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 ot heliostats 

Receiver/Tower Subsystem 
Primary receiver type 

Primary receiver size 

Reheat Receiver 
Type 
Size 

'lbwer 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 

Reheat steam turbine 
82 MWe 
50 Percent 
Maximize solar benetit 
Fossil operation only on cloudy days 
Economic dispatch on fossil energy 

North field (160° arc) 
1.5 Janz (includes exclusion area) 
246,000 mZ 
2,776 

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

External 
1~ 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°G 
Wet cooling tower 

Gas/oil 
84.4l Rate load efficiency 

Automatic operation 
Startup energy/cold condition 
Warm standby 

Minimum 28l of rated unit electrical output 
10b x 10 6 .kJ/startup 
15.8 x 10 6 kJ/startup 

WTE: 

* Based on an insolation level of 950 watts.tmz 

1 of 1 
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APPENDIX B 

N~WMAN UNIT 1 SOLAR RE.POWERING SYSTr:.M SPECIFICATION 

B.1 GEN.ERAL 

B.1.1 Scope 

This specification defines the system and subsystem 
characteristics, design requirements, and system environmental 
requirements for solar repowering of Newman Unit 1 which is 
operating on the El Paso ~lectric Company (EPE) system. 1.rhis 
unit has a reheat steam turbine rated to produce 8~ MWe with a 
10.1 Pa/538°c (1,~50 psig/1,000°F) main steam condition and a 
2.93 MPa/538°C (420 psig/1,000°F) 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 or noon winter 
solstice). It will operate in parallel with the present gas/oil 
fired boiler. 

In general, the level ot detail presented in this specification 
is consistent with the conceptual design phase of a large power 
plant project. E.ngineering information is developed to t:ne 
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 solar repowering ot Newman Unit 1 will consist of 
the following major el.ements, which are described in the 
following sections. 

• Site: 
• Site Facilities 
• Collector Subsystem 
• Receiver Subsystem 
• Master Control Subsystem 
• Fossil .Boiler SW>system 
• Electric Power Generating Subsystem 
• Specialized Equipment 

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

.B.1.2.1 Site 

Newman Station is located at the notth end cf: the city of .E;l 
Paso, 24 km (15 miles) nortneast of the downtown area, and 
19.3 .Km (12 miles) from the El Paso SULMET station. The site is 
near the New Mexico border on the east side of the Franklin 
Mountains. 

B.1-1 



The Newman site is nearly flat with a downwazd slope of 
approximately one percent from west to east. A road to the west 
provides storm drainage, although some minor natural rwiotf 
gulleys (arroyos) exist northwest of the existing station. The 
site is in the Tularosa Basin, bounded by fault block IOOuntains 
to the east and west, with 305 to 610 meters (1000 to 2000 feet) 
of underlying sediments. Approximately 14.2 .1cm2 (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 ot the Newman 
Station•s major existing facilities. Newman Station consists of 
four oil and gas-fired units capable of generating 498 MWe. 
Newman Unit 1 is located at the northern end ot the station. 

Figure B.1-3 aescribes the proposed site arrangement tor Solar 
Repowering Newman Unit 1. The concrete tower supporting the 
primary and reheat receivers will be located adjacent to the 
Newman Unit 1 turbine building, with a 160° north heliostat 
field. The approximate land area that will be utilized by the 
heliostat field is 1.09 kmc (269 acres). 

Site preparation acitivites for repowering Newman Unit 1 will 
include primary grading, surface preparation, and construction ox 
roads. The collector field will be graded and will include 
north-south drainage trenches covered with crushed stone to 
channel rainwater from the site. The natural arroyo at the 
northwestern part of the tield will be diverted north of the 
tield perimeter to preclude erosion of the graded surfaces. Tne 
main entrance to the Newman 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 (~00 ft) 
exclusion zone is provided outside this perimeter road. The 
solar main and reheat receivers will be mounteo on d tower 
accessible from the main entrance road. E.xclusion areas will be 
provided to avoid interferences with the inspection and 
maintenance of existing equipment and piping situated in the 
heliostat field area. 

B.1.2.2 Site Facilities 

New structures and tacilities associated with Solar Repowered 
Newman Unit 1 will include an addition to tne existing control 
room, a solar feedwater 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 w~ll house 
the Master Control Subsystem, collector and receiver contxols, 
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operator control panels, beam characterization system, and data 
acquisition system. A new equipment room will be ~rovided near 
the top of the receiver tower. The rooms will be air conditioned 
to maintain the correct temperature for the electronic equipment. 

~vaporative cooling of the maintenance building addition and the 
solar feed water pump house will be provided by propeller type 
tans which will draw the outside air into the enclosures through 
in1et 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 field; a fire water booster 
pump and hose stations ~ill be located inside the so1ar 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 compcsed ot an array ot 
heliostats and supporting power and control elemen~s which 
interact with the Master Control Subsystem. The heliostat array 
will be arranged in a 2.79 radian (160°) fan shaped c..-onfiguration 
north of the single receiver tower (Figure B.1-3). The heliostat 
array will reflect solar radiation onto the elevated absorners 
(boiler, superheater, and reheater) ot the Receiver Sunsystem in 
a manner which will satisfy the receiver incident tlux 
requirements. The Collector Subsystem is sized for a solar 
multiple of 1.0 at the design point. The Collector Subsystem 
components wiJ..l include the tollowing: 

a. 

b. 

2,~98 heliostats, including reflective surtace, 
structural support, drive units, control sensors, 
pedestals, foundations, cabling, ana cable array 
installations. 

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

The Collector Subsystem description is based on the 
characteristics ot a generic second generation heliostat. The 
design description, performance characteristics, 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. 
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B.1.2.4 Receiver Subsystem 

The Receiver Subsystem provides a means ot transtorming tlle 
inciaent radiant flux energy from the Collector subsystem into 
superheated steam. The receiver fluid is water/steam. The 
Receiver Subsystem will consist of primary and reheat receivers 
to intercept the radiant flux reflected from the Collector 
5\1.bsystem, a single tower structure to support the two receivers, 
receiver header piping and riser, and downcomer piping for the 
primary receiver. 

The receivers will be 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 pressure; 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 Master Control Subsystem (MCS) is used to sense, detect, 
monitor, and control all system and subsystem parameters 
necessary to ensure safe and proper operation of the entire 
integrated repowered plant. Specitically, this subsystem will 
provide for stable plant operation during startup, steady-state, 
shutdown, transient, or emergency conditions in the ±ossil 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 equi.pment, time code generator, control and 
display consoles, and solar/non-solar electric power control 
interfaces and sottware. 

B.1.2.6 Fossil Boiler Subsystem 

'!"he Fossil Boiler sunsystem provides a fossil energy source which 
is retained to enhance performance and/or maintain normal plant 
operation during periods of reduced or no insolation. The Fossil 
Boiler Su.t>system consists of the Newman Unit 1 fuel handling, 
boiler, and related equipment. It also consists of the control 
system necessary to regulate the steam flow, temperature, and 
pressure; and the required control necessary tor safe and 
efficient operation, startup, shutdown, and standby or tne Fossil 
Boiler Subsystem. Essentially all of the existing Newman Unit 1 
ooiler equipment will remain after neing retrofitted with a solar 
steam supply system, although IOOst of the existing pneumatic 
control system will be replaced with electronic comnustion and 
feedwater controls. 

B.1-4 

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



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

B.1.2.7 Electrical Power Generating Subsystem 

The Electrical Power Generating SUbsystem (EPGS) provides the 
thermal output from the receivers and/or the Fossii Boiler 
Subsystem for converting to electrical power. The output trom 
the EPGS will be regulated tor integration into El 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 equipnent has 
been identified during the conceptual design effort. 

B.1.3 Definitions of Terms 

Beam Pointing Error 

The angular difference between the aim point and measured beam 
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 ~760h and plant or 
unit rating in MW. 

Capacity Factor, Annual - Overall 

Annual solar and non-solar MWh divided by the product of ~760h 
and plant or unit rating in MW. 

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 specified 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 conswning 
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 flux falling on a surface of given 
orientation (W/m2). 

Fluid, Receiver 

The fluid used to coo1 the solar receiver and distribute the 
absorbed solar energy to other parts of the system; heat 
transport fluid of the receiver. 

Fluid, Working 

The fluid 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 Energy Cost 

That cost per unit of energy which, if held constant throughout 
the lite of the system, would represent the total required life 
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 specified conditions as 
designated by the manufacturer. 

Present Value 

The present value of capital and operating costs (or annual 
savings, brought over a given ti.me period such as the iife 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 absorbed by the fluid flowing through 
we 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 
delivered 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 ot net energy which can be delivered trom 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. 

l'hermal 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 REFERENCES 

The following references will provide the guidelines for 
development of designs that are presented in this specification. 
These references will intluence the design and st1ection of 
vessels, heat-transfer equipment, 1nechanicaL equipment, 
structures, civil work, piping, instrumentation, and electrical 
items that are used in the utility industry. 

B.2.1 Standards And Codes 

The latest zevisicns ot each of the following cod~s in effect 
during final design will be used. 

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

OSHA kegulations 

• 

• 

• 

OSHA Title ~9, Part 1910 occupationai Safety and 
Health Standards AS.ME. Boiler and Pressure Vessel Code 

Section I - Power ~oilers, inciuding: ~..NSI 831.1-1977 
Power Piping 

Section II - Materials Specifications 

• Section VIII - Pressure Vessels 

NRC kequlatory Guides 1.60 and 1.61. 

Institute ot ~l.ectrical and Electronic Engineers (I.EeisJ Codes, as 
applicable. National Fire Protection Association (NFPA) National 
Fire Codes Hmnan Engineering Design Criteria 

• MIL-STD-801C 

• MIL-STD-1472 

Design, Constructicn, ana Fabrication Standards 

• 

• 

• 

• 

Standards of 
Construction) 

.AISC (American Institute of Steel 

Standards of ACI (American Concrete Institute) 

Standards of 
Association) 

TEMA (Tub: Exchanger Manufacturer•s 

ANSI A58.1 Building Code Requirements for Minimum 
Design Loads in Buildings and Other Structures 
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~.2.2 Other Publications And Documents 

National Energy Conservation Policy Act of 1978 

Power Plant and Industrial £uel Use Act of 1978 

Public Utilities Regulatory Policy Act 

Energy Tax Act of 1978 

Environmental Legislation 

• National. Environn1entcd Policy Act (NBPA) 

B.2.3 Permits And Licenses Required 

Construction Permit 

Waste Water Discharge Permit (NPDES) 

SPCC (~pill Prevention Containment CountP.rmeasure) 

Air Navigation Approval (FAA) 

Elevator Permit/Certificate 

Stdte (Highway Connector) 

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

B.2.4 Applicable Laws And Regulations 

Texas Clean Air Act of 1973 (Air Control Board) 

•rexas Water Quality Act of 1977 (Dept of Water Resources) 

Federal Aviation Regulation, Part 77 (FAA) 

El Paso Building Law 

Department of •.rransportation, State Highway Dept Regs 

El Paso Zoning Laws; Buildina Laws; Texas Regulation, Control ot 
Air Pollution from Visible ~missions of 1975. 
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---·----------- - -- -

B.3 REQUIREMENTS 

The Solar Repowered Newman Uni.t 1 shall be designed 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 electrica~ output, ij2 MWe, 
at the design point solar conditions corresponding to noon winter 
solstice. The solar mu.l tiple at the design point is 1 • 0. 'l'he 
design lifetime shall be 30 years. The repowering system shall 
include both a primary and reneat receiver mow1ted on a single 
tower which will supply 10 .1 MPa/538°c ( 1, 4t>Spsia/1000°F') steam 
to the high pressure turbine inlet and ~.93 M.Pa/538°L 
(425 psia/1000°F) reheat steam to the interm~diate pressure 
turbine inlet of Newman Unit 1. Tr.Le. solar receiver subsystem 
will operate in parallel with the existing gds/oil tired bo~ler 
to meet the total. daily electrical. demand requ1.:cemer1ts. The 
performance and operating requirements of tne solar retrofit 
subsystems are detined below: 

Es.:i.1 Site 

The collector field and otner tacilit.1.es associate<l with Solar 
~epowering Newman Unit l will require approx::unate~y 1.09 kin~ 
(2o9 acres) ot iand. 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 11ew access 
road to the Newu\dn Station and a perimeter roa.a around tne 
heliostat field will be provided to support vehicular traffic. 

Heliostats shall be excluded from portions of the co~l.ector field 
where existing equi_pment ano piping rights-of-way are required, 
ano wnere future transmission line rights-or-way will b~ located. 

Drainage d.1.tches axe required to channel rainwate::r from tne solar 
collector field to minimize erosion of tue graded su.rtaces and 
protect foundation integrity. The solar repowering site shall 
include paved roads and fences to provid,~ access to the solar 
collectors and receivers and protect against. unauthorized entry 
to the site. 

The characteristics of the Newman Station site shall satis1y all 
the necessary siting requirements tor a successful repowering 
application. 

~-3-~ Site Facilit~es 

New site facil.1.ties will require additions to the existing 
control room and maintenance building, and a new soiar feed water 
pump house. 

The control room will require a second level to house the soiar 
repowering electronic eqll.1.pment. 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 lliill .require new toil.et facilities. An aaditic.n to 
·the maintenance building will be required. to enable pl.ant 
personnel tc repair and test complete heliostat assemblies. 
Additional evaporative coolers will be required to circu1.ate 
fresh air through the maintenance area. 

A solar f t!ed water pump house will be required tor tt1e solar teed 
pumps and the solar repowering equipment switchgear. 

The existing fire protection system must oe extended to ~rotect 
the new site facilities. Hydrants and hose stations w1ll be 
necessary around the solar field water pump house and 
maintenance area. Hose stations shall bt provided at the various 
levels inside the solar receivers tower. 

Outdoor lighting shall be provided along the so~ar collector 
field perimetei road and at the base and uppe:.c leveJ.s of the 
tower. 

B.3.3 Collector subsystem 

The Collector Subsystem shall reflect solar radiation onto the 
Receiver Subsystem in a mdnner which satisties receiver l.nciaent 
heat flux requirements specified in Section 3.'l.2. In addition, 
the Collector Subsystem shall respond to commands from the Master 
Control Suosystem for emergency dei:ocusing of ti1e retlected 
energy or to protect the heliostdt array against enviromnen:ta.l 
extremes. The heliostats shall be properly positioned for repair 
ox maintenance in response to either master contro~ or manual 
commands. Heliostat design shall provide for a storea or sate 
position at night, during periodic maintenance, and ctm.ing 
adverse weather conditions. Tht Collector Subsystem ~hal.l .be 
designed to match the receiver design and provide energ~· t.o the 
rec~iver working fluid consistent with th~ input energy 
requirements of the existiny tw:bine. 

Meterological and insolation data corresponding to the lypical 
Meteorological Year for El Paso, as supplied on the ~OLM.l:.'l' 
'Weather Tapes, shall be used as a design basis tor th~ subsystem. 

B.3.3.1 Collector Field 

Tne collector field shall be designed so that 103 Mwt ot the 
redirected solar energy will impinge on the primary receiver and 
~6 MWt wil.l impinge on t.be reheat receiver at noon winter 
solstice with a direct normal insolation value of 1000 w/m2. 

The collector :tield design shall provide the optimum he.Liostat 
layout considering (as an example) the following: 

a. Heliostat capital cost 
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b. Operating and maintenance cost 

c. ~ield wiring cost 

d. 

e. 

f. 

g. 

Land availability 

Land cost 

Heliosta-c. per£ onnance 

Receiver size 

h. Receiver tower height 

i. 

j. 

k. 

1. 

m. 

n. 

Plant availability 

Shading and blocking 

Atmospheric attenuation 

Sun position 

Piping COS'C. 

Foundation requirements 

'rhe Collector Subsystem shall tunction as appropriatt:, tor al.l 
steady-state modes of plant operation. This shall include the 
capability ot control..ling the nwnber of .t.1.eliostats in trcic.Jcing 
mode so as to vary the redirected tlux to either receiver Let~een 
zero and the maximum achJ..evable level with step changes no larger 
than 10 percent of the total collector field output. 

Drive systeIOs must .be capable ot positioning a .beliostat to 
stowage, stand.Dy, cleaning, or maintenance orient:ation trom any 
operational orientation withiL 15 minutes ot a command signal. 

Elevation and azimuth drives shall not drift trom last commanded 
positions due to environmental conditJ..ons. 

The drive system shall provide for cost effective stc~age of th~ 
reflective surtace to rninimJ..ze :.cetlectea .beam safety llazc:U"ds and 
dust or di.rt build-up on the mirrors. ·1-1el.iostat orientation 
shall be available to the Master Control Subsystem at all times. 
Calculated gimbal angles are acceptable: vrientation sensors are 
not required. 

Beliostat control Shall be by canputer. Control functions snall 
be accomplished as follows: 

Heliostat Array controller (HAC) shall: 
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Initiate operational mode conmands to Heliostat Field 
Controller (H~""C) 

Address commands to HFC groups or individual lieliostat 
Controller (HC) 

Rt:spond to Master Control Subsystem (MCS) commana.s and 
requests 

Interface with beain characterization system 

Provide time .base 

Heliostat Field Controller (HFC) shall: 

Determine sun vector 

Transmit sun vector to HC 

Transmit status and data to RAC 

Initiate safe stowage command 

control groups ot HCs 

Heliostat ~ontroller (HC) shall: 

Determine heliostat azimuth and elevation 
requirements 

Control drive motors 

Provide heliostat axis position data to Hi'C 

position 

The Collector Subsystem shall .be capaDle of emerg-t:!:ncy d~focusing 
upon command to reduce peak incident radiation on the receiver to 
less than 3 percent vf initial value within 120 seconas. 

Heat tluxes on tower and normally unirradiated poxtions oi the 
Receiver Su.t>system are limited to 25 KW/m2 (7880 Btu/f~a). 

Beam control strategy and equipment will protect personnel and 
property within and outside the plant facility. including air 
space. 

The collector subsystem will be designed to satisfy the 
environmenta.1. conditions specitied in Section .b.4. 

B.3.3.2 Heliostats 

In order to attain overall plant rield pertormance such that 
95 percent or the redirected energy a.pproachi.ng the rece:Lvers 
will impinge on tne receivers with an incident angle of less than 
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60, the following requirements have been established 
designing and evaluating individual heliostats. 

tor 

Maximum beam pointing error (tracxing accuracy) shca.Ll be 
limited to 1.5 mrad standard deviation tor each gi.ml:>al 
axis under the followinq conditions: 

b. 

• 

• 

• 

• 

• 

Wind - none 

'l'emperature - 0° to 50°c (32° t.o 122°.1!') 

Gravity effects at all elevation and azimuth 
angles that could occur in a heliostat fie1d 

Azimuth angles - at all angles except aur.1.ng stow 

Sun location - at least 0 • .2.6 rad above .horizon, any 
time ot year 

• Heliostat location - any position in the field 

Beam quality shall be sucn tnat a mininumi or ~O percent 
of tht reflected energy at target slant range shali rall 
within the area defined by the theoretical beam shape 
plus a 1.4 rnrad fringe width. Heliostat beam quality 
shall be maintained :tor t,Q days without r~a.lignment. 
Beatil quality requirements are app.lica.ol~ under the 
following conditions: 

• 

• 

• 

• 

• 

• 

• 

• 

Wind - none 

Temperature - 0° to so 0 c (3.2° to 122 8 F') 

Gravity effects at all elevation and a;l.;imut.n 
angles that could occur i.n a heliostat field 

sw1 location - at ieast 0.~6 rad above horizon, any 
t.1.Ine ot year 

ael.iostat locat1.on - any position in the .tiel.d i:tlld 
any slant range 

Operating moae 
't..arget 

tracking on a BCS calibration 

Facet aligmnent - as planned for tl1e plant 

Theoretical beam shape the theoretical .1:>eam 
contour, determined by HELIOS, 1.s the .1..t>o:tlux 
contour that contains 90 percent ot the totd.l 
power. This isoflux contour will be increased by 
1.4 mrad fringe. The HELIOS com~uter code is 
available through Sand:,.a La.bo1:atori~s. 
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c. 

d. 

Overall structural support shall l.imit reflective 
surface static deflections to an effective 1.7 mrad 
standard deviation for a field o:t he.li.ostats in a 12 m/s 
(27 mph) wind., 

Wind deflections ot th€ foundation, pedestal, drive 
mechanism, torque tube, and mirror support members sha.ll 
be included, but not the slope errors aae to gravity and 
temperature effects. Wind deflection lunits apply to 
the mirror normal (not reflected beam) ror each axis 
fixed in the retlec-c.or plane. Both beam qual..ity ana. 
beam pointing are affected. 

To assur·e that the net slope errors of a ti.e.ld ot 
heliostats is less than 1.7 mrad, therms value ot tne 
slope errors taken over the entire reflective su.rtace ot 
an individual neliostat, computed under the worst 
conditions of wind and h~liostat orientation (but 
excluding foundation deflection), shall be linu.-c.ed -c.o 
3.6 mrad tor a single .heliostat. This J.l.JO.it represents 
a 3-sigma value for the fiela derived by subtracting 
toundatior.1 deflect.ion (see b.3.3.2.d) f:rom the totdl. 
surface slope error (1.7 - 0.5 = 1.2 mract 
standard deviation x 3 = 3.b :rm:ad, 3-sigma). The 
conditions under which this requirement applies are: 

• Wind, including gnsts 12 m/s (2"1 mph) at 10-m 
(33-it) elevation 

• Temperature - o~ to so 0 c (32° to 1~2°F) 

• 

• 

• 

Gravity effects - not included 

Mirror module waviness - none 

Fa.cet: alignment error - none 

The a..llowable tilt and/or torsional rot.atiou or a 
heliostat foundation shall not exceed x 1.~ mraa totai 
angular ctetlect1.on per axis, when the heliosta~ is 
subjected to a 12 m/s (27 mph) operatio1&al iliind load. 
·rhis total deflection, in ada.ition 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 load, and shall not exceed± 0.45 
mrad. 

Bota deflection allowances are 3-sigma limits expressed 
for a single heliostat/foundation field position, and 
are computed under the worst condition of wind and 
heliostat orientation. For a full fiela of heliostat 
foundations. the et:tective liml.ts will result in a 
standard deviation of 1/3 of the deflection allowances 
specified for a single foundation. 
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The deflections specified are applicanle at the 
foundation-to-heliostat interface located on a p1ane 
parallel to and approximately SO.~ mm (l inches) above 
the pier concrete surface, which is represented by the 
underside of the heliostat pedestal mountl.119 flange. 

a.3.4 Receiver Subsystem 

The Receiver Subsystem shal.l includ~ a primary receiver and a 
reheat receiver mounted on a single tower and shall provide a 
means of transferring the inciaent radiant fiux energy trom the 
Collector tiubsystei.\ into supezheated steam and transport ot the 
steam to the hi9b pressure 10.1 MPa/53tS"C (14:::>0 psig/lOOOC.F) 
turbine and the intermediate 2.93 M.Pa/538°c (410 ps19/1000°F) 
turbine. 

B.3.~.1 Structural Design 

The receiver and tower shall be designed to provide access ~or 
maintenance and inspection of tower structure, receiver, work.l.ng 
fluid, instruments and contro1s, hydraulic equipment, etc. 
Consideration shall be given to ease ot maintenance. Adequate 
provisions shall be made to ensure crew safety at all times for 
required operations, inspection, maintenance, and repair. Tne 
receiver design shall be consistent with Section 1 or the ASME 
.80iler Codes and appropriate sections ot the construction codes. 
The design lifetime shall be 30 years. Seismic criteria wiil be 
based on a peak ground acceleration of O .125 g combined witl1 the 
response spectrum given by NRC Regulatory Guide 1.60 and the 
operating nasis earthquakes given in NRC Regulatory Gu.ide l.b. 

B.3.q.2 Receiver 

The primary receiver shall be an external panel configuration 
with a forced recirculation .boiler and snall face a 1o0 degree 
norm field of heliostats. The primary receiver slld.ll be capanle 
ot operating safety and reliably tor 30 years with heat tiux 
leveis not exceeding 6b0 kW/m2 for water-coo1ed tubes and 
300 kW/mZ for tne superhea.ter tubes dt noon winter solstice with 
an incident power level of 117 Mltt. 

At the noon winter solstice (desi.gn point),the primary receiver 
shall be capable of absorbing ~1.3 MWt with a receiver incl.dent 
power ot 103.2 MWt and shall at least generate the steain at the 
rate of 129,000 kg/hr (2b4,000 lb/hr) with outlet conditions o:t 
11.72 MPa/549°C (1,100 psia/1020°F). The maximum cll.lowable 
pres~ure drop in the superheater snall not exceed 1.~3 MPd 
(280 psi) • 

The reheat receiver snall be an external ~anei configuration 
capable of operating safely and reliably with an absorption heat 
flux level not exceeding 149 kW/m2. At the noon winter solstice, 
the reheat receiver shall be capable ot absorbing .17.5 MWt witn a 
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receiver incident power level of 25.8 Mwt. StecilD riows at the 
rate of 115,ijQQ kg/hr (254,500 lb/hr) (including attemperationJ 
with outlet conditions of 2.97 MPa and 549°c (416 psig ana 
1,0~0°F) • Tne corresponding inlet steam te1operatw:e is 373°c 
(703°F), and the maximum allowable pressure drop snail be 193 KPa 
(28 psig) • 

The receivers shall .oe designed to be subjected to 10,000 st.art 
up/shutdown cycles and 50,000 cloua transient ~ycies. The 
Receiver Subsystem shall include a control system to maintain the 
HP at IP turnine inlet conditions within tolerances tone set by 
plant operators and equipmeiit manufacturers while being subJected 
to fluctuations in solar heat f1uxes due to normal daily/noUI.ly 
variances and partial cloud transients. At those times when the 
solar system is not capable ot meeting turbine inlet 
requirements, t.he receivers shall be maintained i.11 standJ:>_y· mode. 
The receiv~rs will be designed to satis1y the environmentaL 
conditions specified in Section B.q. 

B.3.4.3 WorkiLg Fluid 

The working flUJ.d shall be water/steam-for the primary receiver 
and superheated steam for the 'l"eheat recei.ver. Specifications 
and quality for the working tluid are as 1ollows: 

So~ar Main Steam 

TDS 
Na 
SiO~ 

< 100 ppb 
30 ppb 
20.0 ppb 

Solar l!"eedwater .. 

pH 
Conductivity 
Si0 2 

8.7 
0.3 mmho 
3 ppm 

B.3.4.4 Receiver Tower 

The receiver to~er must support the primary anu reheat receivers, 
piping and other elements of the receiver subsystem. Tower 
design will require the following: 

a. Tower height 129.5 m 

b. Elevation of primary receiver centerline - 155.0 UL 

c. 

d. 

Elevation ot reheat receiver centeri.ine - 14~.1 m 

Weight of primary anel reheat receivers includin9 support: 
structure - 1.02 x 10 6 .k.g 

e. Design ~ind load - 40.3 m/s (90 mph) 
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f. Seismic zone category - UBC Zcne 1 

g. D~flection limitations (TBD) 

h. Soil conditions (TBD) 

Structural design 
stresses (vortex 
velocity. 

will include 
shedding) to 

an analy&is 
de-termine the 

of dynamic w.i.na 
critical wind 

The tower will oe required to support feedwater, ma.1.n oteam, 
reheat and auxiliary piping and associated controls and provide 
access ror maintenance and repair. In addit~on to internal 
l.actders, platforms and walkways, the design of the tower sl1all 
include an E:!leva-c.or having a capacity of approximately ~0~ kg 
(900 lb) • 

B.3.5 Master Control Subsystem (MCS) 

B.3.5.1 General Design Requirements 

'.rhe Newman Unit 1 control system and existing power pl.ant 
equipment shall be modified to provide daily cycling of the unit 
and utilize fossil and solar energy for generation of electrical 
power. The MCS shall control the solar steam supply system dlld 
the existing pla:.nt equipment in a sate and re.liable con<1.1.tion 
under all modes of operation. 

The MCS shall permit the operator to select one of th:tee plant 
operating modes: fossil mode, sO.1.ar mode, or comb.1.ned 
solar/fossil mode. 

The MCS shall operate the unit under all conditions inc1uding 
startup, shutdown, transient, steady state, cill<1 emergency 
operation. 

B.3.5.2 Design Criteria 

In order to satisfy the general design requirements the ~cs &bail 
me~t the following design criteria: 

a. High Availability 

• 

• 

High component/circuit reliaoilit1 
latest solid state technology and 
designs. 

emplo:y1ng the 
conservative 

Major contro~ systems and componen~s sha~l nave 
full redundant backup. 

Modular architecture to enhance faul.t detection and 
mallltenance. 
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• Self-diagnostic capability wherever possible • 

b. Redundancy 

c. 

d ... 

e. 

The MCS will include fu11 system redundancy wnere 
feasible. A failure of one computer processing unit 
(CPO) will not cause a reduction in control., monitoring, 
d.1.splay, or other required plant contt·ol functions. 

Comprehensive Operator/Plant Interface 

• CRT displays are provided tor the followin~: 

• 

Process monito.z:ing 

Troubie identification 

Operator guidance 

Interactive communications 

Status information 

Historical review 

Main control board witn conventional andlog 
displays, control stations, alarms, etc, providing 
the operator with a familiar operation/process 
intertace. 

FlexiL.1.lit.1 

All control logic functions and control alyoritbms are 
implemented in comprehensive 
(DDC) software. The system 
language which allows changes 
quickly. 

System Modifications 

direct digital control 
is progra.uned. in a basic 

to be made si111ply and 

Existing control systems will be modified only wh~re 
necessary. The following criteria wil.l deteriuine which 
controls are changea: 

• Direct interface with MCS. 

• 

• 

Signiticdnt enhancement of the repowered unit•s 
ability to meet the design requiremefits. 

ability or the_ equipment to function ?roperly for 
the required 30-year lifetime. 
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In general, all instrun1entation that will be replac~d meets two 
or more or the above criteria. 

B.3.5.3 Operating Modes 

B.3.5.3.1 Fossil Mode 

When the fossil mode has been selected, the sola.c repowering 
system shall be isolated from the existing fo.ssi.1. fueled power 
plant. In this mode, the control. systeDt shall permit the unit to 
ne placed in either boiler following, or turbine following, 
control. 

B.3.5.3.2 Solar only Mode 

With clear day in.solation available, the operator will seiect d 

solar only mode of operation. The ~ossil boiler will be shut 
down and isolated and the solar repowering system will be 
operated with the turbine pl.aced ir. turbine following cont.J:o.L. 
The solar primary receiver, solar reheat receiver, and the 
collector subsystem shall be automatically controlled to maxl.lD.1.ze 
thermal energy output trom the solar steam supply system. The 
turbine .1.nlet control valves will be automatically positioned to 
maintain stable steam conditions to the turbine inlets. 

B.3.5.3.3 Combl.ned Solar/Fossil Mode 

'When 1.ntermitte.nt. cl.oud conditious prevail. or wnen it is 
economical to operate the miit at nigh load, the Mast.er Control. 
System shall control the plant in a solar/fossil rJOde. In the 
so.lar/fossil mode, the steam tram the so~ar receivers and tne 
fossil .boiler shall be conwined prior to being admitted to tne 
turbine. The control. system sha.ll operate the solar steam suppll' 
system to maximize solar thermal output and uses the fossil. 
boiler to supp--.Lement steam to meet the unit's load demand. In 
this mode the turbir~e can be operated in ei'ther turbine .tollowing 
or boiler following control, depending on the needs of the yrid. 

.S.3 .. o Fossil Boiler Subsystem 

'l.'he Fossil Boiler Subsystem ot Newman Unit 1 shall i.:r:ater:race witb 
the solar steam supply system according t:.0 the following boiler 
perforn~nce requirements: 

a. .Minimwn automatic operation 
percent rated steam flow) 

2d peLcent load (3b 

b •. Maximum boiler ra~p rate - 11 percent/nun (chc:Ulge in 
boiler thermal output) 

c. Energy required .trom cold stai:tup to 28 percent l.oad -
1.06 x 1011 J (100 I'1Btu) over~ hours 
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d., Energy required trom hot standby to 28 percent load -
1.58 x 1010 J (15 MBtu) 

e. Boiler efticiency - aq.~ percent 

f. Ability to maintain superheat and reheat temperature of 
538°c (1000°F) to minimmn load 

B.3.7 Electric Power Generating Subsystem(EPGS) 

The EPGS ~ill be required to accept steam from eithex or both the 
solar or foss~l steain supply systems. 

uperating constraints imposed by the existing EJ:>G~ are as 
follows: 

a. 
b. 

c. 
d. 
e. 

f. 

g. 

h. 

Maximwn gross electric output l:J5.8 MWe 

257,000 kg/hr 
(S&J,000 l.b/hr) 
538°c (1000°F) 
538°C ( 1000°F) 
10.1 i.'l!Pa 

Rated main steam flow for guaranteed 
output 

Main steam rated temperature 
Reheat stec:ain rated temperature 
Main steam rated pressure 

(1450 psig) 
N.a.ted. reheat pressure drop 255 kPa (.:.H psi) 

St..e-a.ra temperature limi.tations (at turbine . .oain stop 
valv~) 

1. Average over 12 months not to exceed S.:s8QC (1U00°.F') 

2. 

3. 

552uc (102S°F) t:or not more than 400 nours for 12 
months 

5ob°C (1050°F for up to 15 minutes: not more thelll 
-tlO hours/year 

Steam pressure limitations 

1. 

2. 

3. 

10.1 MPa (1450 psig) at rated output 

10.6 MPa (1523 ps.1.g). as tui::.oine approaches zero 
output 

13.0 MPa (18~5 psig) momentarily, not exceedi1,g ll 
hours/year 

i. Load limitations 

Rate of load change is lirrdted by metal temperatures in 
critical area& of turbine. Normal turbine load change 
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rates are limited to about 
changes will require monitoring 
casting metal temperatures. 

Serv·ice Life 

5 MWe/min. Fastez load 
of turbine rotor a11d 

The system shall he designed for a 30-year service life. 

B.3.Y Plant Availability and Reliability 

Consideration sha11 ne given in the design to achieving high 
rel1.ab1.l1.t:y by providing design and operating margins and 
utilizing sound engi.neering design practices. 

B.3.10 Maintainability 

The solar repowered plant modifications and new installations 
shall be designed to be compatible with existing plant 
maintainability characteristics and pract1ces. Potential 
roaintenance locations shall be easily reacn.ed an.d components, 
such as electronic units, motors, drivers, etc, readily repla~ed. 
Elements subject to W€ar and damage sucn as supportJ.ng wneels, 
~ears, etc, shall be eas:...ly serviced or repl.aced. The pl.ant 
shall ne capable ot being serviced witn a minimum ot specialized 
equipment or tools. 
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B.~ ENVIRONMENTAL CRITERIA 

This section addresses plant envirorunental design requiremel'itS 
and environmental standards. 

B. 4. 1 Design Requirements 

The system shall be capable of operating in and surviving 
appropriate comoinations of the following environments: 

a. 

.b. 

Temperature: The plant shall be able to operate in the 
am.oient air temperature range from -22° to +~o 0 c 
(-SO to 122°F). Performance requirements shail be met 
throughout an ambient air temperature range- of o0 c to 
50°C (32°F to 122°F). 

Wind: The plant shall be capable ot operating given the 
to~lowi.ng approximate wind profile as a trequency ot 
function of height above ground level. 

be met tor the most 
ternpera~ure conditions 
with efticient plan~ 

satisfy the requiremenc.s 

Performance requirements shall 
adverse combination ot wind and 
selected to be consistent 
operation. Wind analyses shall 
ot ANSI ASB.1-1972. 

c. Ectrthquake: Tnis peak ground accelerations. as 
presented Oelow, 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 ~~c Regulatory Guide 1.bl. 

Peak Ground Acceleration Average or Firm 
Conditions= 0.125 g. 

The system snall be capable of surviving appropriate combinations 
of the environments specitied belo-.1: 

a. 

b. 

c. 

d. 

Wind: The plant shall survive winds 
speed, including gusts of ~0.3 m/s (~O 
damage. A Local wind vector variation 
from tne horizontal shall be assumed for 
condition. 

with c1. 

mpt .. ) • 
of +10 
the 

maximum 
witnout 
degrees 

survival 

Snow: The plant shall survive a static snow ~oad of i50 
Pa (5 lb/ft 2 ) and a snow deposition rate of 0.3 m (1 ft) 
in 24 hours. 

Rain: The plant shall survive the following rair1fall 
conditions at a maximum 2q-hr rate of '1!> nm (3 1.11). 

Ice:. •rhe plant shal 1 survive freezing rain and ice 
deposits in a layer 50 rmn (2 in) thick. 
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e. 

t. 

Earthquake: The peak ground accelerations as pre&ented 
below will be combined with the response spectrum given 
by NRC Regulatory Guide 1.&0 and the damping values 
given for the operating bases earthquake in NRC 
Regulatory Guide 1.61. 

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

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

Diameter 
Specific Gravity 
Terminal Velocity 
remperature 

25 mm (1 in) 
0.9 
23 m/s (75 fps) 
-6.7°C (22°F) 

g. Sandstorm Environment: The pl.ant shall survive a:tter 
being exposed to flowing dust comparctble to the 
conditions described oy Methods 510 of ~UL-SrD-bl0B. 

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

.e.. q • 2 .imvironmental Standards 

Federal, state, and local regulations applicabl~ to solar 
repowe:r.ing Newman Unit 1 are presented in Section .b.2.-.. 
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I 
I APPENDIX C 

SOLTES 1 INPUT DA TA 

I Full Load (82 MWe) 
501 Solar Repowering 

I 
So.l.ar Reheat 

Parameter l2~ ColUlUils Description 

I NAME A6 1-6 AOXBLR 
NCOM IlO 11-20 2 
NSTAI IS 21-25 3 

I 
ETA F10.0 51-60 b8. 
T2 F10.0 &1-70 S11 

EOF 

I Downcomer 

I MAME A10 1-10 PIPE 
NCOM 110 11-20 5 
NSTA1 IS 21-25 ). 

I 
XL F10.0 51-t,O 387 
D1 i;·10 .o 61-70 .257 
SUMTBR FlO.O 71-80 999999999 

I NPIPE 110 1-10 1 
PLOSS F10.0 11-;J.0 .50 
RUFF F10.0 21-30 

I 
DELZ F10.0 31-LJO 147 
XKL F10.0 41-50 
TA F10.0 51-60 33l 

I EOF 

i VAPJNT 

I I Ao 1-& NAME FLODIV 
I NCOM I-10 11-20 9 

I 
NSTAl IS 21-25 5 
NSTA01 IS 26-30 9 
NSTA02 IS 41-45 10 
NSREF 110 51-60 5 

I SCALF F10.0 61-70 200. 

EOF 

I 
I 
I C-1 

I 



I 
EPGS I 

Parameter Fo:z:mat Columns DescriEtion 

NAME A5 1-10 TUR.liG I NCOM 110 11-20 13 
NSTAl I5 21-25 ~ 

ETAG F10.2 51-60 100. I x• Fl0.2 bl-70 
ESTAM F10.2 71-80 100. 

ETA F10.2 1-10 100. I 
TB F10 .2 11-20 655 

EOF I 
BFDPMP 

NAME. Ab 1-€, BFDPM? I 
NCOM IlO 11-io 17 
NSTA1 IS 21-25 13 

I P.2 E10.4 51-60 9,997,750. 
ETA1 F10.2 61-70 100.0 
ETAM F10.2 71-80 100. 

PARMOD A10 1-10 I 
EOF I 

FLODIV 

NAME A6 1-b PLOD1V I NCOM 110 11-20 18 
NSTAl IS 21-25 17 
NSTA01 15 26-30 ~o I NSTA02 IS tJ1-"5 19 
NSREF 110 51-bO 17 
SCALF F10.0 61-70 so. I 

~ 

NAME A10 1-10 PIPE I NCOM IlO 11-20 21 
NSAl IS 21-25 20 
XL FlO.O 51-60 39.b I D1 FlO.O 61-70 .203 
SUMTHR F10.0 71-80 9999999999 

I 
I 

C-2 I 
I 



I 
I PIPE (Cont•) 

Parameter Format Co1umns Description 

I NPIPE I10 1-10 1 
PLOSS F10.0 11-20 .5 

I 
RUFF F10.0 21-30 
DELZ F10.0 31-~0 0 
Y.KL F10 .0 tt1.-50 

I 
TA F10.0 51-60 333 

EOF 

I RISER 

NAME A10 1-10 PIPE 

I 
NCOM I10 11-20 23 
NSTA1 IS 21-25 21 
XL F10.0 51-60 2q4 

DI F10.0 61-70 .1q1 

I SUMTHR F10.0 71-80 9999999~99 

NPIPE 110 1-10 1 

I PLOSS F10.0 11-20 .50 
RUFF F10.0 21-30 
OEL2 F10.0 31-40 149 

I 
XKL F10.0 tt1-50 
TA F10.0 51-60 333 

EOF 

I Pump 

I 
NAME A6 1-b BFDPMP 
NCOM 110 11-20 l4 
NSTA1 IS 21-25 23 
PZ E10.~ 51-60 ~,997,750 

I ETA1 .F10 .2 61-70 100. 
ETAM F10.2 71-80 100. 

I PAR.MOD F10.2 1-10 

EOF 

I Solar Boiler 

NAME A6 1-0 AUXBLR 

I NCOM 110 11-20 31 
NSTA1 IS 21-25 2tt 
ETA FlO.O 51-60 d8.3 

I T2. FlO.O b1-70 811 

EO.F 

I C-3 

I 



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

I 
Downcomer I 

Parameter Format Co1umns Descri:etion 

NAME A10 1-10 PI.PE I 
NCOM I10 11-20 i, 

NSTA1 IS 21-25 31 

I XL F10.0 51-60 387 
D1 F10.0 61-70 .257 
SUMTHR F10.0 71-80 9999999999 

NPIPE 110 1-10 1 I 
PLOSS F10.0 11-20 .so 
RUFF F10.0 21-30 I DEL2 F10.0 31-40 147 
XKL F10.0 41-50 
TA F10.0 51-60 333 

I EOF 

VAPJNT I 
NAME A6 1-6 FLODIV 
NCOM I10 11-20 30 I NSTAl IS 21-25 6 
N.iTAO1 IS 2b-30 30 
NSTAO2 IS 41-tJS 1 
NSREF 110 51-60 b I SCALF F10 .·0 61-70 200. 

EOF I 
~ 

NAME AS 1-10 '!'URBG I NCOM I10 11-20 12 
NSTAl IS J.1-25 ~ 
ETAG Fl0.2 51-60 100. I x• F10.2 61-70 
ESTAM F10.2 71-80 24.3 

ETA F10.2 1-10 100. I 
TB F10.2 11-20 426 

FLODI\1 I 
NAME A6 1-6 F·LODIV 
NCOM Il0 11-20 14 I NSTA1 I5 21-25 12 
NSTAO1 IS 26-30 4 

I 
C-4 I 
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I 
I RISER 

Parameter Format Columns Description ,, 
NSTAO:l IS ~1-45 15 
NSR.E.F I10 51-60 12 
SCALF F10.0 &1-70 50. 

I EOF 

I NAt"i.E A10 1-10 PIPE 
NCOM 110 11-20 3 

I 
NSA1 15 21-25 q. 

XL F10.0 51-60 387 
D1 F10.0 61-70 .257 
SUMTHR F10.0 71-80 9999999999 

I NPIPE I10 1-10 1 
PLOSS F10.0 11-20 .50 ,, RUFF F10.0 21-30 
DEL2 F10.0 31-40 147 
XKL F10.0 41-50 
TA FlO .O 51-60 333 

I EOF 

I AUXBLR 

Ao 1-6 NAME AUXBLR 

I 
NCOM I10 11-20 7 
NSTA1 IS 21-25 19 
ETA .r,,10. 0 51-60 84.1 
T2 F10.0 61-70 811. 

I EOF 

I RHTBLR 

NAME Ab 1-6 AUX.SLR 

I 
NCOM I10 11-20 10 
NSTA1 IS 21-25 15 
ETA F10.0 51-60 84.1 
T2 F10.0 61-70 811. 

I EOF 

I 
I 
I 
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Electrical ~ 
output (MWe) 

82 
61.5 
41 
20.5 

Plant 
Output (MWe} 

82 
61.5 
41 
20.5 

NOT~.S: 

TABLE C-1 

SUMMARY OF PLANT .lsFF'.ICI.t;NCIES 
FOR SOL'rEs PROGRAM INPUTS 

Boiler Efficiency 
l\ Efficiency 

Plant Fossil F'ossil Solar 
Load ~oil~ Rehea.t Boiler 

100 134.4 8ij.4 
75 84.2 8~.2 
50 84.1 &~.1 88.3 
25 84.L. 84.2 81+.0 

Turbine-Generator E;ff icienc::i 
~ Efficiency 

EPGs<:a.> HP TURBG<c> LP 

39.4 100 
38.8 100 
36.6 100 
31.0 100 

Solar 
Reheat 

&8.0 
47 .!:> 

TURBG<~> 

.l4.3 
23.5 
~0.B 
13 .8 

1. overall EPGS efticiency, including all plant t.hen,ial, 
mechanical, isentropic, a.nd parasitic .Losses except boiJ.er 
efficiency. 

2. flP Turbine-Generator provid~s 20 percent of electrical output 
and is asstnned, for simplicity, to be 100 percent etficient. 

3. Mechanical efficiency of LP Turbine-Generator. Incorporates 
all EPGS losses, including the condenser neat rejection but 
excluding the boiler efficitncies. 
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APPENDIX D 

CONCEPTUAL DESIGN DRAWINGS AND DIAGRAMS 

The following drawings, diagrams, and sketches are included in 
Appendix D: 

14067-EM-9-SR-1 Flow Diagram - Solar Repowering, Reheat, 
Feedwater, and Main Steam 

14067-PID-1-1 Flow Diagram - Station Fundamental 

14067-FP-59A-SR-1 

14067-FP-59B-SR-2 

13505-FP-1A-SR 

13505-FP-lB-SR 

1350S-F·P-2A-SR 

13505-FP-2B-SR 

13505-FP-3A-SR 

13505-FP-3B-SR 

1406 7-EW-S lA-SR-1 

13505-FY-3A-SR 

14067-FM-31A-SR-1 

14067-FM-31B-SR-1 

B&W 5328J 

B&W 268068 E 

Piping Arrangement of Solar Feedwater, 
Main Steam, and Reheat - Sheet 1 

Piping Arrangement of Solar Feedwater, 
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 Stean1 Line -
Sheet 2 

Low Temperature Reheat Steam Line -
Sheet 1 

Low Temperature Reheat Steam Line -
Sheet 2 

One Line Diagram for Solar Repowering 

Lot Plan 

General Arrangement - Heliostat Field 

General Arrangement - Heliostat Field 

Arrangement Solar Receiver with Reheater 
for Advanced Repowering 

Solar Boiler Plan - Sections A-A and B-B 
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SOLAR RECEIVER TOWER 
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---J--,l--
---1---

ORIGINAL ISSUE 
DWG NQ 14067-EM-9-SR-1 
SUPERSEDES 
DWG N0,13505-FM-9-SR 

~o kL~R 

LE END 
FLOW INDICATOR 

FLOW RECORDER 

WEST STDE (SEE NOTE 2) 

ATTEMPERATOR 

SUMMER 
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TE.MPERATURE 
CONTROL SYSTEM 
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PRESSURE TRANSMITTER 

TEMPERATURE TRANSMITTER 

FLOW TRANSMITTER 

HAND VALVE (REMOTE LOADED) 

FLOW SWITCH 

SAFETY VALVE 
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TEMPERATURE CONTROL VALVE 
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sss SECONDARY SUPERHEATER 
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NOTES: 
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SIDE OF CONTROL VALVE 
2. ONLY EAST SIDE OF SOLAR MAIN AND REHEAT RECEIVER FLOW 
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SIDE FLOW PATHS INDICATED BY@ SYMBOL. 

ISSUED FOR STUDY 
PURPOSES ONLY 

FLOW DIAGRAM 
SOLAR REPOWERING 
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ELl?ASO ELECTRIC CO. 
STONE & WEBSTER ENGINEERING CORP 
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-t H. T. REHEAT HUDEl1 
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. I· r-31 PULL -o:o"GAP 

s~ u7 I~~ se,o LSS 

y~~~; 
~ 

PLAN 
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a, 

I 
PLAN 

41.,"GAP ~, 

~0 . 4-('rfG>'L 
jf GAP . ~r ~ • 4. f':IIAL .<,tcD W!LD 

1]x . 
71r ltHK 1 

~ Y-Y 
" ~ DETAIL "A" 

SCAl [: NONE 
COLO PULL GAP· AT fl:;AL. fl(LO WHO 

DETAIL-•~"·. 
SCA1.~ :J',r-o· 

NOTES: ,. 
i-PfPUJQ Z'j € ll"!Dtl~ 540'.,VN O!.A~R..q,~"'l'A1'1CALLY Ot.J!..Y. EXACT L(,O .. TiON TO BE OE.T£fiMHJED IN 

FIELD [XCf.PT .t.5 NO-:-E.D. 
Z·FOR WE!(,HT AND MATfRIAi.. OF PIPE AND f1TT1'-J:;5 5£~ f"IPf .!;.PfCJFlCATIONS CL.AS$ 601-(. 

3·HOT DIMENSIONS ARt 1~;P1CATED SY !f: 

4-ALL PIP!: DIMENSIONS, EXCEPT HOT L[J.;GTHS C F'OSITION'S, A~[ etr,:~~ T•.IE COLO POU. AT FINAL 
F lfLD WEt..0 ( ARE FOR FASRICA':'OR' ~ ERfCTOR. 

5.·COLD PIJLL 1s BASCO O'I 100,i lN. VERTICAL ( 100~ IN HOIUZQITAL OIIIUTIONS. 

:-re~ N~~ .. 1tt.RS AU.iA(i.!'i1 TO INSTRUMUrfT CONNtCTT~s· SEE 1r,S!'P,u.~fNT ~(H'fDt,:.£ 

~' . 
7-\~J INDICAlE PrPf ~An( NUMBERS ANO A~[ TO _8t PA[C'E.DEO BY L[T":'tRS =·...,1.-m 
8·THE rocLONINO P[RTAINS TO PIPINO ,NSJALIEO SY S (w ANO 0..."t:5 "°r /.PPI.Y '.Ill C.Q'J'.f'MDIT 

M,4,NUF.ACTu,n.R's PiP;t,:.:,:-
A)-MAW:f.JG.S 0, SP'flNG I-IAl'IGERS, rOR. All PlPl :a.rlf.5 TV CC F'!J~H::;..;rr, TO TH[ Fl£L'O 
B)~~WiNGS Of RIGID tiANGl!:RS ' SUPPORTS FOR PIPING UKGftf THAN c, TO 81 fUIOJcrit, ;; lH!·fttLD 
CHU~!r, '"'.l:t..~f~S -"~D ~IPpi,~~ ~0111: PIPIN/"I, r:• "-~ S~-'.t!.!!~ '!f) !!f !f_l~~~~t' ~y !~f f!!'!_~'I 
~ . 

9-l i.' POSIT:()N OF !3!A"1 ATTACHM,NT (HANGfR ROD Pl.uMB W'i~N P!r! 15 HOT) 

LJ-'i-,ccLO Posic:JN ~< ?:PE. <CLAMP (MrE~ c01.c PULL ~NC F<NN- """' ·wno) wctll tiA11~£R 
RO[.'I our Or- Pi..UMS 

IO·H,<NGER LO~OS IOCLUJ! AEACHM[NTS TO ?1°E. f01( TOTAL LOAD ON EACH HAN~CP. ANO HANGFR 
DETAILS SEE o,v~·~ 96oi6 ·MP· 102• A .. •I lo I~ 

1i:-w.P. O!'NOTE.5 WORIC1NG Pea.;"'!" 
IZ · r.w DENOTES FIELD wu.o 
ll·S-HTR-HI ·C[HOTES SPRI.HGHANGEA. 
14. DRAWING NOT TO SCALE. SCALE AS INOJCAT~O rs FOR RE:.F£R£.NCE ONLY. 

IS. r=°---ENCLOISED AREA INDICATES ADDIT'i'oN's .. 7 
~ISION$ FOR J.0.J.3505 -------•---' 

rs. ~~p~~~ S~E,i ~T~i:::.~~'~f~~rAki:1~;."ffT"ROLS,AND fNSTRUMENTATION ~OR THE SUL.AA 

REF'. DWGS: HIGH TEMR REHEAT LINE $MEET NO.Z _____________________ OWG 13:lio&-FP-28-SR 
FLOW DIAGRAM- MAIN, REHEAT 4; EXTRAGTION LIN~-- ____________ r,wG 13505-F"M-ZA-SR 
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l 

DEICltll'TION 
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PURPOSES 
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CONTflOL ROOM 
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RfMEAT ATTEMPUATOR ( 
--COLD POSITION 

ISSUED FOR STUDY 
PURPOSES ONLY 

.. 

' 
: a: 1· 

o><, 

4,l) 
01~ 

"' 

REF: DW65: 

SECTION '·x-x·' 
DETAIL 'A" 

SCA1...E: l'IONE 

COLD PULL GAP (; Of"F'5U 

* NOTE: 
roll ANGLE Of "ITCH l!EFER TO 
W.P. NI Z ON SilJE tLE\~ $1.1. N1 ?. 

NOTES: 
!-F'!PING 2.f' g u~~~r~ 51-'0·:::-; D!AGRA\UJIJ...IICALLY-ON:..."'. t,.)(,J,,CT L~CA'TIQN, TO Be Ot-:'[i(.M\t~(O ,u 

FIELD t"\cE?r AS trnTE.D, 
2-tOR WEIGH I A:'-;0 MATE.r?IA.1.. or PIPE ANO F:71?tJ~S SEE: PIP[. SPEC, FIO·-TICNS CLAS! 601 

3-HOT :.'H . .ttMSIOMS A.RE. !NOl('Ai(O ~y ~ 

4-ALL PIPE Dl~l[NSlCN.S, EXCEPT l-JOT L'ENGiH[. ~ POSlT~ONS, J..!1S. .?.~?en~ fti:'. c,:..~ i=':.ii.i.. Af" f:NAL 
flEi..0 WE::LD E ARE FCR F"A.B~!C.ATO;::.: f; rRECT,:'.P 

S-CDLO.?IJLL ,c, BASED ON so~ IN vtRTICAL ( 5~'1, !N HORIZIJNTAL "DIP.ECTIC~S. 

G-F"OR N1J'-'Bf~-~ ADJACU~T TO INSTRUM[NT CONNE:TIONS SEE. 1NSTR'JM(l"!T SCkEOUL..f.. 

1-@ l'JDICATE PIPE MARK NUMBE<a.; AND A~E TO BE PRECEDED Ell' L[TTCR,j S·lJ~ 

a-THr:'. FOLLO'N;t-JG Pr?'T.AJNS 1::: ?!PIMG it.lSU•.L!_EO B'f s.(·N. AJ-lO uv~:; :~ .,l,Pr" .. r .TD EQ.'JIP.MENT-
MANuF;..C.TUREP"s P1P1\\IG:-

A)-DR"-W"'GS Gr SPRING HANGERS <OR ALL Pl?r SILES ro Fl!: Ft'Rt·JISHr.O TO TH[ fl!::L:l. ' 
B)-DRAWll'JGS CF RiG!D HAN{-,ERS ~ 5U?Ffa,RT$ f.;~ P'.PINQ Lr.Rt;[?. T~AN ,· re 8!. FUtH..Jl~\.-IED TO Th[ rlELD· 
c)- R\C.\O H..t..l'-lGtRS AN.) SUP?ONiS F,'.)? PIP!t.lG , .. ~.ND S1-.AA!...LLR TQ e~ F'"U~~-.:~r-:r:. ~~, It-It r:c. ... c, 

9- HANGER PIP!, CLAMP AND tTS BEAM ATTACH~1e.NT TO I't LOCATE!) IN THt COL.I) 
POSfftON SO THAT THE HANGE'.R ;.:,;,i:, WILL I',E PLL:,1:8 wHCN PIPE: IS HO't, 

iO-,-,'ANGE~ u:,,;tis INCL!..:=:s: AiTACHMC.NTS TO P1P(, ~D~ TOT~L l.DAD ON !ACl-f HANWrlt 
AND DETAIL~ SE"E .:,\.....-G, !)t.,t.,~-MP·.AH·I TO 12., ( S· LT~ •r, 1) %)£'NOTE"$ .HANG£'A, 

rl•v,\P. DENOTES WORKING POINT, 

12- F. W, DENOTES FrELO WELD, 

13- PIPE F"AB~ICATOR ~ ALLOW FDR A t\:' ~PAC! S~!fN W(LDtr-Ki f'NO~ (~t[ DWG. ,sro.·~ ... .: ... •!!A)-!1'...::":!!~r-!:~t·:~. ~-! 
ALL FIELD WELDS rxc!PT AT THt CDILtR CONf!'S ,Utt" !DP OF REHEAT ATTE,ltPC~ ... :' ... ··f·:.~ -~:·.:.":...·:'. .. ~-:.:..:.-~-· :"'~. 
REHEAT ATTl:MP[;;.;T.::i; TO Bt SHDRW;!D BY I AS IN!.11CJIT[0 0'1. StOt El.EVATl.?N,.Tu c;, .. ,,..,.,_ .. _ ,.A ...... Jr• 
mr AND sorro~ GF REHEAT ATTEN!PERATOR . 

14 oAAWIN,; NOT TO SCALE. SCALE AS INOICATEO IS FOR AEF~RENCE. ONLY, 

IS. 1----ENClOSED AREA INDICATES A~DITIONS-f7 
~ISIONS F"OR J.0.13505 ------ __ ....:.._J _ , 

I~ LOCATING DIMENS,ONS, 512£5, AND DESIGNATIONS OF VALVES,CONTADLS. ANO INSTRUMENTATION FOR THE SOLAR 
REPOWERING SYSTEM TO SE DETERMINED AT F"INAL 0£.SIGNa 

REH~AT ATTEMPfRATOR - ---- - -- --- -- -- -l!DILO? :-:Mt'$ ·Dw!I, .: ... :.o:::l-2.. 
~i1:~~~~~~~~~~EA~~Elx~~!cTioN Ll~ES ~:. -:_--:_ -:_-:-= : ~ --~ _-_-:: ~~~:};ig:_:~~-~:~R 

t-t TURBIN[ 

I 
i 

IND 
LAl'4~l 

LO,ATI: l'ALVL5 
SUIT ta rt[I.O 

ll'RU !LOW TO CONll 
/~oa coNT: S[E 
iJW6. 9"6t ·f P.Z6 

0 ;:-,icLLJ 'HANU'c,1 i..ow TEMP. .REHEAT STEAM LINE 

ORIQINALIAUI BTONB A WEBSTEJI l:NGUU£1UNG COIU'ORATIOJf 

DESGAIPTION auco INSP CORff ~ IHI.:& acr.c"IP'flON --=J3505:f P-~A~SR · 

D-10 



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

£-d..:1-909£1 

~• B 
~---------=7~""-=------------+------------~~c~-----------'----1 

·t f.ONDENSER 4 
TuRBINt EXHAUST 

I 

L WP. Htl 

'TOW._;;;-N•I· . 

,aosrn 
CUI TO SUIT_ ' 
'PITCH. SEE j 
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I 
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. VOS- 60 C. J,/ ,. 

SIDE ELEVL\TION 
LOOKING NOl'l'TH 
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• EL. 41~0"-o' -------~-

~TQrl-lF'"AT_ 

.. - - - . !-~~==~-=--

,._PITCH 

Yf.W.Af1Tl1 MAKING 
nNAL WELD A'> 
NOTED BY DETAIL "A" 

JJ/OWN01'/ S»,f'I!/ 

/ 
I 

/ 

SUPERHEATE RJ 
ATTEMPERATOR \ . 

. lt1 
111 
1! 

__________ ___ ________________ _f[L.40'5"-0" 

I• f6~ 

1 i 1RO"" CDLD ~ •1.1 Of"IIOIL.EII~ 1 i r . ,o Hor PO~rT•D~ 
!S' ' . or W.P. HT2. 

~ lo 
~ ... 
,t-'"' ... 

r Lro W.P. N•2 . -

ETE.fl~INING 'TH[ V!J~~IOJ. 
Ol"f·SET AT FINAL rlELD WELD. 

HOL~S "TRVI". WHEN ALL .Wtl.DS· 
ARE '11AOE l'IIOM THE BOILER ' 
WIN TO TI<E CDU) PULL i
MENSION USED ONLY IN 

AP !;. 8t:'F?>l2!: IMP :s 
l!,OL-T!:Jl CLOS CZ,. 

D 

® r,·-~• 4) _______ ei'6• ___ ,,_ ___ ~ r-~--=-----=--
1 

t.SOILE/i' ( TURBIN! 1. 

NOTES: 

ISSUED FOR STUDY 
PUROSES ONLY 

I 
t_ 

I. FOR GENERAL NOns AND RUERtNC~ 3. LOCATING_ DIMENSIOJ\15, SIZE!\ AND-OESl~MfDF VALVES, a>NTAOI..S, AND 
INSTRUMENTATION· FOR THE SOL.AR RE.Pc>WERING SYSTEM 'IO BE DETER ow,:;·s 5ft SliEET NI I DWG. 1asos--FP·3A-SR 

2..r=_ ---ENCLOSEb AREA INDICATES AOOITIONS J 
~;,i~N_:.!9~ ,J.0.13505 _.:. ___ _ 

ATFINALOESIGN. · _·-:.,......:..,-; .• ~---;.;.,.v·· .. ·------. ··•--, 
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EXISTING STATION 
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2400 V BUS NO. 1 

1 

ISTASERVXFMR - l., ,-- "1 ~OOKVA 

1750'1000 KVA AWFA I L; T 2•00c• 80 V 
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I NOTE 1 400V BJS? NO 1 £ 480 V BUS i COO.LING TOWER 
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NOTE 2 

NOR STA SERV XFMR 
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1J.S-2.4KV 

10 " 12 

1 
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ISSUED FOR STUDY 
PURPOSES ONLY 
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NOTES: 
1. EXISTING 300 KVA XFMRTO BE REPL.ACEDAS DEPICTED 
2. TIE & SWITCH TO BE ADDED 

ONE LINE DIAGRAM 
FOR SOLAR REPOWERII\IG 

UNIT NO. I-NEWMAN POWER STATla-1 
EL ~SO ELECTRIC CO EL PAS). 
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E. 1 DESCRIPTION 

APPENDIX E 

EXISTING NEWMAN UNIT 1 

Tnis section reviews the most important characteristics of tne 
Ne·wman Unit 1 .oo.iler, turbine-generator, and control systems that 
could be modified when a solar repowering system is added to an 
existing unit. Other pieces of equipment and systems are 
discussed as appropriate. F'igure E.1-1 illustrates the existing 
Newman Station. Construction of the unit was comp.Leted :ui 19&0. 

E.1.1 Boiler 

Boiler design anct operating constraints are swmnarized in the 
following sections. 

E. 1. 1. 1 Boiler De~iign 

The existing boil.er at Newman Unit 1 has a pressurized water­
cooled radiant furnace, a two-stage drainable type super.hea·c.er, 
and a drainci.ole reheater and was fabricated by Babcock & Wilcox. 
Tne stEdlll ger,erator is designed to burn natural. 9as. ThE: boiler 
was refitted in 19b2 to allow residual fuel oil tiring for 
limited periods of time under manual. control. .Ex.~rience with 
operating the ur.1.it on oil has .been very 11.mited., and turther 
modifications will be required to al.low operating on oil as a 
primary fuel. Water is circulated in the botler oy natural 
convection. 

The nominal full load superheater st:.e~ tlow conditions are 
15~,000 kg/hr (560,000 lb/hr) with 10.5 MPa (1,525 psia) ana 
53tJ°C (1,000°F) at:. the superheater outlet and 538QC (1,000°F) at 
the reheater outlet. The steam generator is capable of a maximum 
continuous superheater steam flow ot 257,200 kg/hr 
(567,000 lb/hr). 

The two-stage superheater has a total etfective heating surtace 
OJ: 1,227 m:t (13,205 .tt 2 ). Water spray attemperators tor final 
steam temperature control are located in the coru!ecting pipes 
between the two stages. Superheater temperature is control.led by 
seiection ot burners and by attemperation at high ~oads. 

The reheat section has a total effective heGting surface of 
644 m~ (6,930 ft2). Spray type attemperators are 1ocated in edch 
low temperature reheat steam line Just upstream of the reheat 
inlet header connections. Reheat temperature is controlled by 
varying excess air anci by attemperation at high J.oads. 

E.1-1 



The economizer has a total effective heating surface of 1,519 m2 
(16,350 ft 2 ) to absorb heat from the flue gas as it 1eaves the 
superheater primary section. 

The .boiler design is illustrated in Figure E.1-2. 

~.1.1.2 Boiler Operation 

Boiler operation is discussed in terms of temperature, pressure, 
load variations, startup, and bauking (warm standby). 

~.1.1.3 Steam Outlet Temperature 

.Boiler pertormance nas exceeded predicted design va.l.ues for steam 
temperature at partial unit loads. 

The boiler was designed to maintain a superht::at steam temperature 
of 538°c down to a.tJOut halt-load (126,980 kg/hr steam flow). 
Based on design data, a temperaure of 510°c can be attained at 
40 percent load (104,310 kg/hr); and a temperature ot -.&2°c can 
be attained at 26'percent load (86,170 kg/hr). 

Basea. on design information, reheat steam teinptrature can be 
maintained at 538°c down to about two-tnirds ~oad 
(16~,160 ,cg/hr). A reheat temperature of 510°c can be dtta.ine'd 
at SS percent load ( 140, 5~0 kg/hr) • A ret.Leat temperature of 
482uc can be at.tained at 4cs percent .load (122,450 kg/hr). 

However, EPE Newman .Station operating personnel est.iu,ate 
full superhe~t temperature (538°C) can be maintained 
turb.1.n~-generator minimum load (automatic con1:.rol) 
appropriate burner selection and increased excess air. 

E.1.1.4 Stearr, Pressure 

that the 
down to 

ti.trough 

Required steam pressure at the turoine steam throttle valves is 
ma.intained iu accordance with steam demand by the pnewnatical.ly 
operated combustion control system which proportions tne amount 
ot air and fuel tor max.Luum combustion efficiency. cnanges in 
main stea.in flow to tht turbine are accompanied by changes in 
steam pressure. Following an initial steam pressure change, the 
master pre'ssure regulator automatically restoLes t.t;.e steam 
pressure to the set value of 10.1 1-Wa (1,~~5 psia) by 
appropriately adjusting the rurnace firing rate with proper 
pnewnatic signals to the torced draft tan inlet vane control 
drivE and the fuel gas (or 011) control vaJ.ve. 

A safety valve mounted on the IUdin steam piping is set to bl.ow at 
11.1 MPa (1,590 psig) and reseat at 10.8 MPa (1,SU5 psig) to 
protect the supe:r::neater cilld main steam piping. Safety valves are 
1ocated upstream and do~streain ot the reheat section. The 
outlet header safety valve is set to blow at 3.7 M?a (S17 psig) 
and reseat at 3.5 MPa (500 psig). · 
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E.1.1.S Boilex Startup and Load Change Capability 

According to estimates h}' EPE ope:r:ating personnel a:c Newman 
Unit l. the max.unum boiler ramp rate (percent per minute rate of 
increase or decrease in steam t1ow, measurtd as a ptrcent of 
rated steam-tlow) above minimum load (23 .Mlie) is estimated to ne 
about 10-20 percent per minute. 

The boiler .should only be rai:nped at the 20 percent/Ininute rate 
during emergency conditions, but up to 10 to LO occurrences per 
year are considered acceptable. 

The boiler is capable of a maximum continuous superheater steam 
flow ot 257,190 kg/hr (567,000 lb/hr). The minimum automatic 
operating level of the boiler is a.bout d8,~00 kg/nr 
(1~6,000 lb/hr) steam tlow based on a turbine-generator output ot 
about 23 MWe. 

£.1.1.6 Startup and Standby 

Warming the boiler. and turbine front a cold (shutdown) condition 
to the mini.mum automatic operating level t88,~00 Kg/hr st€am) 
requires burning approxiinately 2,830 m3 at 16°c (100,000 scf) of 
natural gas, about 106 x 10 6 kJ (100 MBtu) over a '1--hour period.. 
•rnis ~armup period is necessary to gradually increase boiler drum 
temperature and avoid damage due to thermal stresses. 

The boiler cat1 be Iii.banked" at warm standby (316°-3 71°C) tol.l.Owi.ng 
the 4-hour warr .. up peri.od for an overnight pe2.-iod. Neglecting 
losses during stand~y, about 63.3 x 16• kJ (60 x 10• Btu) are 
reguired for initial warmup, and ij2.2 x 10• KJ (40 x 10 6 Btu) to 
.bring tbe unit to tne minllllum automat.i.c controlled load ot 
~3 M~e. 

Following operation, the boiler can .be .oanx.ed at a hot standby 
(~27~4b2°C) overnight. An estimated 15.8 x 10 6 kJ (1~ x 10• Btu) 
is required to .return the unit to the minimum automatic 
controlled load ot ~3 MWe. 

E.1.1.7 Boiler Bfficiency 

l'he boil.er ef:ticiency varies s1ight.Ly with dit.terent unit loads. 
Values or estimated boiler exxiciency are shown at five 1oads on 
Table· .E.1-1. These valu~s were precticted based 01. boiler 6.esign 
information provided by the manufacturer. .Actual. boiler 
performance at full and part l.oad has shown 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-generator are described in the tollo~J.Dg sections. 
A cross section of tne turbine-generdtor is shown in 
Figure E;.1-3. 

I..1.2. l Design 

The 75 MWe (nominal) Allis-Chalmers steam turbine-generator unit 
was designed to deliver 82 MWe continuously at 3,600 rpm. The 
tandem-compound, double-flow construction steam turbine is 
designed for throttle steam conditions of 10.1 MPa (1,qbS psia) • 
main steam tempera-cure of 538°C (1,000°F), reheat temperature of 
53d°C (1,000°F), and 5.08 KPa (1.5 inches Hg) absolute 
backpressur~. 

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

Two main steam stop val.ves ai:e mounted on tne front of tht;: steam 
chest which is separate trom the turbine proper. The steam chest 
contains six: cont.rel. valves -,ith six inl.et bend connecting pipes 
to the high pressure turbine. Two reheat intercept vaLves and 
two reheat stop valves are also included. 

A turbine mechenical-hydraulic control system includes a 
hyctraulic 01.l :relay type constant speed governor. A stedlll chest 
control valve geor is automatically contzolled trorn the load 
l.imit device and operating governor. ·rhe load limit is manually 
operated. 

The alternating current generator is rated at ~6,000 kVA, 
0.85 power facto~r (lagging), 13-,800 V, 3 phase, 60 tlz, 3,600 rpm, 
ij,017 amp per phase at 0.31 MPa (45 psia) hydrogen pressure. 

E.1.2.2 Operation and Limitations 

The pe~formance of the turbine-generator 
limitations associated with fJ.ow, temperature, and 
described in the following sections. 

E.1.2.3 Per.tormance 

and operating 
pressure are 

·rhe tur b1.ne is designed to 91. ve the lowest heat rate when 
carry1ng a load of 81.5 MW at &5 po~er factor, 0.31 MPa (45 psia) 
hydrogen pressure, with dn exhaust pressure ut 5.08 kPa 
(1.5 inches Hg), and with st~am extracted from the five 
extraction points to provide temperature of ~35.7°C (45b.3°F) ror 
the teedwater leaving the first point heater. 

E.1-4 

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



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

The overall efficiencies of the generator and exciters are 
summarized in Table E.1-2. 

h.1.2w4 Temperature Limitations 

The steam temperature at the turbine main stop vaive shall 
average not more than 538°c (1,000°F) over any 12 mont:.n operat.1.ng 
period. In maintaining this average, the temperature shall not 
exceed S46°C (1,015°F). For abnormal conditions, maximum 
temperature shall be limited to 552°c (1,025°F) for operating 
periods of not more than '400 hours for a 1.l-mont.h period. In 
addition, steam temperature may rise to 5bb°C (1,0S0°F) tor a 
15-minute duration or less, aggregating not more t.nan 80 hOlLrl3 
per 12-montn operating period. 

The turbine may ne ope:rated.with cne reheat valve c1osect as lo11g 
as the pipe metal temperature differential between tne 0perc1.tin9 
and isolated reheat steam headers is ma:u1tained at or below 10°c 
(50°1'") • 

During startup, it is recommended that tne exhaust temperatures 
be Jtept below &b°C (150DF) by i.ticz:easing exhaust vacuum or by 
using water sprays in the exhaust ends. 

E.1.2.5 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, 
nut it may increase to 10.b MPa -{1,538 psia) a.s the turo:L.ne 
output approaches zero. During abnormal conditions, the pressw:e 
may rise to 13.1 MPa (1,900 psia) momentarily, but the aggregate 
duration of such swings shall not exceed 12 hours per 1:t-month 
operating period. 

E.1.2.6 Load Limitations 

The allowable rate of load change is based upon tne measurement 
of metal temperatures at certain critical areas ot tl1e turnine. 
The turbine gentrator is equipped witn me-cal te111perature 
thermocouples located at the high pressure cylinder, re.neat oowl 
of the combined high pressure - intermediate pressure cy1inder, 
lo~ pressure cylindeL exhaust hood, steam inlet bends, and the 
steam chest. . 

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

\,;Ondition 

Rate ot metal temperature 
increase 

Temperatµre ditterential 

E.l-5 

Temperature Limit 

1~9°C (300°.t') per hour 



between outer cylinder wall 
and cylinder flange, outer 
surface: 

(a) HP turbine 
{b) IP tur.oine 

Ttmtperature dirferential 
bet~een cylinder flange 
and corresponding bolt 

Rapid metal temperature 
change allo~ed providing 
the new temperature is 
hel.d con.stant for 1/~ hour 
before further changes 

E.1.2.7 Future Modif~cation 

93oc (200°F) dl.fterential 
&& 0 c (1S0°F) dirferential 

&6°C (1S0°F) diffei:ent~al 

.Moctif1.cations for the turbine are -presentl.y scheduled tort.he 
period December 1~112 through March t9d3. These modificat.ions. 
incl.uding increased and updated instrumentation, '411iil permit 
reliable cyclic operation of 'the turbine as the unit is relegated 
to peaking operation. 

E.1.3 Boiler and Turbine Control Systems 

The following sections describe the design philosophy anct x.ey 
design features of the control systerns at Newman Unit 1. 

i:.1.3 .1 D~si,gn Philosophy 

The Newman 1 control system was desigr,ed. tor r;asel.oad operation. 
witn automatic control available for loads as low as 23 MWe. 
Mechanical-hyd.cdulic t:ur.oi1je controls interact witn pnewnatic 
boiler combustion controls _;i.n a boiler-tallowing control mode. 
The boiler-following Wlit control concept is illustrated in 
Figure E.l-4. A boiler-following Wlit control scneme is one 
where the load is set at tl1e turbine controls and the bc.l...Ler 
controls react to maintain required .stea.m pressure. Tnis type 
control system is intended for units thdt are primar1..ly 
baseloaded and change load gractually and infrequent.Ly. 

E.1.3.2 Turbin~ Control System 

Imoortant elements of the turbine control syste.m include the 
governing system, turbine steam valves, turbine trip system, and 
the load lllnit 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 anti.cipator. 
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The turbine main governor 1s a centrifugal type, gear driven from 
the main turbine shaft. Decrease in generator load during normal 
operating conditions is maintain~d by increase in turbine shaft 
speea. Under these conditions, the governor causes the inlet 
valves to partially close and throttle steam flow. In t:he event 
of a generator load increase, which results in a turbine­
generator shaft speed decrease, the governor and servomotor react 
in all opposite manner so as to open the steam inlet valves. 

The overspeed governor is set tv trip the machine at 110 percent 
of rated SJ:Jeed. 

The load aump anticipator acts to c1osc the reneat intercept 
valves and main inl.et (control) valves to a position sli9ht.ly 1n 
exceess of thdt required to carry the station auxiliary load. 
·rhe speed governor assumes control. of the intercept valves to 
hol.d. speed ar~d closes the intercept valves if the speed is in 
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 valves 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. 

:r;.1.3.4 Turbine Steam Valves 

The main stop valves are o~ned by admitting stop valve control 
oil pressure wn.ich causes a piston to move tne va.l.vt:: stem against 
a spring. 

There are six plug type inlet (contro.l.) valves mounted in a steam 
chest separate trom the tur.oine proper. A common cam sha.ft, a:;_so 
mounted on the steam chest, has a separate cam tor each inlet 
valve. These individual. cams open and position the spring-loaded 
inlet valves, as required by turbine load, as a function of main 
cam shaft position. A mechanical linkage connects the main cam 
shaft to tne controls and governor. When the turbine 1.s carrying 
a l.oad, the inl.et valves are positioned ny manual manipuJ.ation of 
the load limit control. 

There are two reheat intercept valves: one located 1.n each ot 
the parallel high temperature reheat steam lines and immediately 
upstream of the reheat stop valves. Each intercept v-a~ve is a 
single seated globe type valve opened by the intercept valve 
operating oil pressure. If the reheat stop valves close beca~se 
of a decrease in tri.p oil pressur~, this clobes the intercept 
valves automatically. 

'l'he intercept valves are wide open during normal. tur.t>ine 
operation. Upon sudden load rejection, the turb1ne starts to 
increase shaft speed and the main governor reacts and cau~es the 
valves to negin to close. At 101 percent of norma~ 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 unt.1.l the 
valves are tig!lt.iy closed at approximately 103 percent ot normal 
speed. If the shaft speed starts to decrease back toward normal 
operating speed before the intercept. valves are completely 
closed, the control system reverses the action described above 
and opens the valves. There are two reheat stop valves: one in 
each of the two parallel high temperature reheat steam Lines 
~ocated just downstream of the reheat intercept valves. The stop 
valves are an unbalanced, wing check type, opened oy trip oil 
pressure. Loss of trip oil pressure closes the Leheat stop 
valves. 

E.1.3.S Turbine Trip System 

The turbine-generator unit is, or can .be, tripped by the 
follow.1.ng: 

Manual trip button in control room 
Manual trip nutton on starting panel at front cf machine 
Automatic trip on low condenser vacuum (1H inches ttg abs) 
Automatic trip ny solenoid valve 
Automatic trip by overspeed governor 

'l'he means 
turbine oil 
steam stop 
valves. 

tor tripping the turoine is tu ara.1.n oii back to tile 
tank which then permits the spr.ings t.o close the main 
Valves, reheat stop va~ves, and rehea.t intercept 

The vacuum trip mechanism is provided tor the ptLrpose of tr.1.pping 
the turbine upon loss o:t vacuum. 

The solenoid trip can be actuated ny ti1e toilowing: 

Boiler trip auxiliary relay 
Unit and generator difterential relay 
uenerator ground auxiliary relay 
Loss of field relay 
Negative phase overcurr£:nt relay 
Control room nenchboard mounted pushbutton 
.Low relay oi~ pressure 

The manual trip button on the turbin& starting panel actuates the 
solenoid trip oy a mechanical linkage. 

The primary function of the nailer trip relay is to protect the 
reheater. The relay operates to trip the fuel to the boiler on 
load rejection if the turbine inlet (control) valves SLay 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 autanatically puts the boiler t.cip 
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relay in service atter the unit reaches approxJ.Inately 
20-50 percent load. The boiler trip re1ay can be manually 
tripped by a control room benchboard pushbutton. 

When the unit is tripped and atter the intercept valves close, 
steam remains "bottled up" in the intermediate and l.ow pressure 
sections of the turbine. To limit shaft acceleration due to this 
steam leaking through the shaft sea~s from the intermediate 
pressure to the low pressure turbines, a reheat diaphragm 
unloading valve and a balanced piston loading valv~ are provided. 
They discharge the steam to the main condenser. 

E.1.3.6 Load Limit Control and Speed Changer 

The load limit control is normally used to limit the maximum load 
to be carried on the unit and, as such, it is set at a l.oad 
qreater than the operating point or expected range. The load 
limit control may also be used to maintain a specif:.1.c l.oad on the 
un1t and, at such times, the main governor does not act as a 
regulator and load increases cannot be made at the control board. 
The load 1:i,mit device is a control oil flow regul.ator oetween the 
control oil supply from the main governor to the n~in servomotor 
which controls the inlet valves. The load .limit device .1.s 
operated from the startin':J panel at the trorJt of 1:.ne machl..ne and 
the setting is indicated by a dial indicator above the control 
kn.ob. 

The load l.iinit control is also used when starting tne turbin€ dnd 
bringing it up to speed prior to loading the generator. 

T'ne speed cha.nger can be controlled from eitne:r: the knob on the 
starting panel at the front of the machine or by a control switch 
on the control. room benchboard. 

£.1.3.7 Boiler Control 

The primary functions of the pneumatically operated combustion 
control system is to maintain required steam pressure at the 
turbine steam throttle valves by proportioning the fuel-air 
supply in accordance with steam demand for maximum comLustion 
efficiency. Aaai.tional control functions include control. ot 
superheat and reheat temper1:.ure, and feedwater flow. 

E.1.3.8 Steam ~ressure Control 

Changes in main steam flow to the turbine are accompanied by 
changes Ill the steam pressur~. Following an initial sLeam 
pressure change, the master pressure regu.Lator (sensitive to the 
pressure of steam to the turbine throttle) automatically restores 
the steam pressure to the set value of 10.1 MPa (1.qSO ps19) bj 
appropriately adjusting the :furnace firing rate ~.nth proper 
pnE:umatic signals to the forced draft tan inlet vane cono:ol 
drive and to the fuel gas control valve. The pneumatic signal to 
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the former is biased as necessary by the tuel-air ra~io 
controller to maintain the maximwn conlbustion efficiency. 
However, tlie ruel-air ratio controller in turn may be biased 
slightly also by the excess air adjustment relay to aiter 
fuel-air ratio for maintaining desired reheater outlet steam 
temperature. 

E.1.3.9 Fuel-Air Ratio Control 

The fuel-air ratio control receives pnemnatic signals from the 
air flow transmitter and from tne 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 b1 the tuel-ai.r ratio 
control. 

The fuel-air ratio control sends a pneumatic signal to oias the 
signal sent from the master pressure regulator to the torced 
drart fan inlet vane control drive, to provide for maximum 
combustion efficiency consistent with excess air alterations 
reguirea for satisfactory reheat steam tenll>erature control. 

E. 1.3 .10 F'uel Control 

roe.i flow to the burners is measured t>}' a flowmeter which 
actuates a pneumatic transmitter. Signals from t.nis transmitter 
are sent. to the fuel-air ratio controll.er, the tuel gas rlow 
recorder, and tu a s~andatrol relay installed in the pnewnatic 
si9nal .loading line from the master pressure regulator to the 
fuel gas control valve. Th~ purpose ot this relay, which a.lso 
receives a pneumatic loading signal from the air tlow 
transmitter, is to prevent the fuel-air ratio from rising to a 
dangerous value which could happen if the air t.1.ow wa.s sudden.l.y 
decreased to or near zero. This relay would cause tne fuel flow 
to tallow the air flow dowm, preventi.ny the tormation of a 
dangerously rich tuel-air mixture and resulting in a hazardous 
conditions. 

•ro prevent the occurrence of a dangerously lean mixture, a tuel. 
minimum flow control valve is installed in parallel ~ith the 
aforementioned tuel control valve. Should the fuel control valve 
.oe closed sufficiently so that the fuel pressure downstream 
becomes too low for stable combustion in the furnace, ~he fuel 
minimum flow control valve opens to maintain a minimum downstream 
fuel pressure su:tticient to prevent the bui:n~rs trom losing 
ignition. 

E.1.3.11 Air Flow Control 

As mentioned under steam pressure control, air tiow to the boiler 
is controlled by the forced draft fan inlet vane control drive 
which responds to a pneumatic signal received directly from the 
master steam pressure regulator. However, this pnt=umati~ s19na.l. 

E.1-10 

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



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

passes through a limitL,g re1ay which also receives a pneumatic 
signal indicating fuel flow. This limits the minimwn signal to 
the forced dra:tt fan to match minimum gas flow. Shoul.d, 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 sate 
£ue~-air ratio for preventing blowing out the furnace bw:ners. 

E.l.3.12 Superheat Temperature Control 

~ith steam flows greater than nalf-load, measures m~st be taken 
to limit the final steam temperature to the maxiinum design value 
of 5410C (1,00SOF). 

Selection of tuel burners to be used. 

Attemperator sprays in the connecting pipes between the. 
primary and 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 hdve a resultant effect on lowering 1inal superheat 
temperature. Conversel:y, at loads below half-load, tiring the 
upper row or two rows of burners as required helps to l.Dcrease 
final superheat te.mperatw:e. 

At high loads the total steam temperature leaving tile superheat.er 
cannot ne controlled by nurner tJ<>Sition alone and attemp~ra.tor 
sprays must be used. 

t.1.3.13 Reneat Temperature Control 

The reheater is designed to produce a tinal steam temperature ot 
51.1, 10c ( 1, OOSOF) • Atternperator sprays located u1 the low 
temperature reheat steam lines just ahead o± tne connections to 
the inlet header are provided. Water to tne attemper4tors is 
taken from the tourth stage of the boiler teed pumps. At low 
steam flows, steam temperature can be maintained at or near 5q1oc 
(1,00SOF) by ll!Creasing the percentage of excess combustion air. 

~.1.3.lq Feedwater Control 

The flow ot feedwate.:r, to maintain proper boiler drum level and 
provide for steam tlow requirements, is regulated by a c..nree­
element type controller. This control d.l.rects the operation or 
the two feedwater regulating control valves, one in each ot the 
.boiler feed pump discharge lines. 

E.1.q Feed.water System 

The feed.water system includes the condensate pwnps, steam air jet 
ejector condenser, gland steam seal condenser, five stages of 
feedwater heaters, evaporator condenser, and boiler teed pumps. 
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At full turbine load, the feedwater temperature is raised to 
approximately 2360C (ij5JOF) and pressure is raised to 
approximately 11.0 MPa (1,600 psia). The flow of feedwater, to 
Illdintain proper boi~er drwn level and provide for steam tiow 
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 rlle condenser 
back to the cooling tower. 'rhe cooling tower is a cross-flow 
induced draft type with five cells. Circulating water maxeup is 
supplied from the well water tank or the well water supp~y ~ine 
to the tanK. Cooling water tor the generator hydrogen coolers 
and turbine oil coolers is supplied from the circulating Wdter 
system. 

£.1.b Compressed Air Systems 

All pneumatic instrument and control equipment is supplied by t.he 
instrument compressed air system which includes a sing.le-stage, 
doub~e-acting horizontal reciprocating compressor, aftercooler, 
moisture separator, air receiver, and air dryer. Tne air 
compressor is rated at O .o~ m3 /s (80 sctm) and ·7~3 KPa 
(100 psig). When. instrument air pressure drops to 552 xPa 
(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 door 
aspiration, blowing out tuel gas lines, and for generai 
housekeeping purposes. The compressor is a two stage doun~e­
acting reciprocating wiit capable of furnishing 0.2 m3/s 
(qSO scfm) at 193 kPa (100 psig). 

E.1. 7 Chemical F·eed System 

During normal operation, phosphate and caustic are supplied to 
the boiler drum and sulfite is delivered to the econondzer feed 
line. Sulfite is an oxygen savenger used to nanimJ.ze corros1.on 
of the economizer tubes. Phosphate is fed to prevent scaling of 
the heating surfaces in -c.he steam generator b}• precipitating an}' 
residual nardness which may be present in the feedwater. A 
sludge is tormed which is removed via the continuous boiler 
blowdown line. Caustic is injected to control the alkalinity and 
pH of the noiler water in ordez: to minimize. the metal 
embrittlement ot boiler surfaces ana tubes. 

Magnesium oxide is inJected into the boiler drum during startup 
to combine with silica and form a magnesiwn silicate which is 
discharged through the boiler blowdown line. 
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E.1.8 Electrical System 

Newman Unit 1 generator is rated 96,000 kVA, 13.8 kV, 0.8b Pf, 
3 phase, 60 Hz, and is directly connected to a bus int.he 115 KV 
switchyard through a 95,000 kVA, FOA, 115 13.8 .lcV step-up ruain 
transformer. The generator is also directly connected to a 
5,000 kVA, OA, 13.8 kV/2.4 kV station service transtormer which 
is the normal source of 2,400 V station powex for the unit. 

Startup station power is supplied from the 11S &V switchyard 
through a t>,000/7,500 k.VA, OA/FA, 115/2.4 kV, reserve station 
service transformer connected to the 2,400 V station service uus 
through an air circuit breaker. The reserve station service 
trans£ ormer 2,400 V secondary is also connected to tl1e Unit 2 
2,400 V station service bus through an air circuit brea.K.er, 
thereby providing an alternate startup power source tor Newman 
Unit 1. 

•rhe 2,400 V station service system comprises a 2,400 V bus 111ith 
feeder air circuit breakers rated 4.lo kV, 100,000 kVA 
interrupting capability at ~,400 V, and 40,000 amperes mcmenta.ry. 
These supply power to large 2,400 V motors and to two 2,400/480 V 
station service transformers, one rated 300 kVA and the ctn.ar 
500 kVA. The. transformers supply lighting, heating and 
ventilating, small motor, and all other l.ow vo.Ltage 1.oads 
associated with Newman Unit 1. 

E.1.9 Fire Protection System 

A fire protection system is provided for t.tle general yar<l areas 
incluuing tne area adjacent to the cool.ing tower. The syste1u 
consists of 2.0.3 cm (8 inches) underground main along the nortn 
side ana east and west ends of t:ne Newman Station. Wc:1.ter 
pressure to tt1e system is boosted by a fire pump. Hydrants and 
hose stations are located at various points throughOut ti.at:: ~urd. 
·rhe Newman Unit 1 main transformer, station service trc.Lnsiormer, 
and the reserve station service transformer are provided with 
individual water spray systems. 
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TABL& E.1-1 

VARIATION OF UNIT HEAT RATE AND BOILt.R 
EFFICIENCY AS A FUNCTION OF LOAD 

Gross Net Unit Net Unit Boi1er 
Generation, Output, Heat Rdte Efficiency• 

MWe MWe KJt:kWhr ,a~ut:JtWhrl I 

83.1 79.6 10 • 7-,9 (10,235) 84.4 

79.'l. 75.7 10 • 778 (10,215) 84. 4 

55.2 5.t.1 11.110 (10,530) 84.1 

41.1 38.2 11,70t> (11,095) 84.1 

22.7 20.4 13,737 (13,020) 84 • .t 

Basis: Gas firing 

6,800 Pa (2.0 inch Hg) condenser backpressure 

N>TE: 

Maximum net unit output is 82 MW. 

1 of 1 

- - - - - - - - -

superheat 
Temp 

oc IOFI 

538 '1,000) 

538 (1,000) 

538 (1,000) 

536 (1,000) 

477 (890) 

- -

tteheat 
Temp 

oc (OFl. 

538 (1,000) 

538 (1,000) 

538 (1,000) 

491 (915) 

413 (775) 

- - - - -
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Hydrogen 
MPa 

0.003 
0.003 
0.003 
0.003 
0.003 
0.10 
0.21 

TABLE E.1-2 

OVERALL EFFICIENCY OF GENERATOR AND .EXCITERS AS A 
.FUNCTION 01'" LOAD 

Pressure Pf Perc~nt 
Psig ~ ~ (Lagging) Efficiency 

0.5 23,529 20,000 0.85 96.90 
o.s 47,059 40,000 0.85 97.~1 
o.s 70,588 60,000 0.85 98.23 
0.5 76,800 65,.280 0.85 98.31 
0.5 76,800 76,;800 1 .. 00 98.63 

15 BS,320 75,072 0 .. 85 98.1~ 
30 96,000 82,560 0.86 97.98 

1 of 1 
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FIGURE E.1-1 
NEWMAN STATION UNITS 1 -4 
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E.2 EXISTING UNIT PERFORMANCE SUMMARY 

This section summarizes the operating characteristics and 
performance of Newman Unit 1. 

E.2.1 Unit Characteristics 
; 

Newman Unit 1, current~.t ai1 intermediate 1.oad unit, operdted 
approximately 4b percent of 1981 with a 2S percent capacity 
factor~ Last year the unit had a scheduled outage rate of 
7.5 percent, and a forced outage rate ot 12.0 percent. 'l'he major 
forced outage in 1981 ~as due to a .ooiler leak. Operating and 
maintenance costs ,excluding tuel) for 1981 are estimated to be 
$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 lb/hr) steam generatorw This unit currently generates 
~2 MW (net) at tull load. Steam conditions at the turbine 
throttle are 10.1 MPa (1,465 psia) and S38°C (1,000°F) w.1.tl1 53& 0 c 
(1,000°F) reheat. The steam generator is designed to burn 
natural gas and occasional tuel oil. 

The electrical output ot the unit 9b,000 kVA generator is 
delivered to the EPE system through a 95,000 kVA FOA 13.8/115 kV 
step-up transformer to the 115 kV substation transtormer. 

Table E.2-1 summarizes the design conditions ot the plant 
components at maximum unit capability. 

~.2.2 Unit Performance 

The original plant design heat balances at &3 MW gross and 
approximately h~lf unit capabiiity t41 MW gross) are presented 
in Figures &.2-1 and E.~-2, respectively. Actual performance 
indicates that uhe maximum unit gross output is 86 MWe versus 
83 MWe. The design heat balanoe for ~1 MWe shows tne reheat 
temperature at 4910C (915°F) due to the lower burner firing rate. 
In actual operation at low loads, the reheat is maintained at 
53d0C (1000°F) by increasing the excess air to the noi1e~. 

Table ~-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 be 
conducted during the solar repowering system design phase to 
update the performance of the unit and the va~ues given in 
•ranles E .. 1-1 and E.1-2. 

E.L-1 



TABLE E.2-1 

STATION DESIGN SUMMARY AT MAXIMUM UNIT CAPABILITY 

Turbine-generator• 

Generation, kW (gross) 

Generation, kW (net) 

Stearn at main stop valves 

Pressure, MPa (psia) 
Temperature, 0 c (OF) 

Steam at reheat intercept valves 

Pressure, MPa (psia) 
Temperature, 0 c (OF) 

Extraction pressures, MPa (psia) 

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

Condenser vacuum, kPa (in Hg 

Flows, Kg/hr (lb/hr) 

To turnine main stop valves 
TO turbine intercept valves 
1st point extraction 
2nd point extraction 
3rd point extraction1 
4th point extraction 
5th point extraction 
To condenser 

abs) 

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

Steam Generator 

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

Drum pressure, MPa (psia) 

Fuel gas consumed, m3/hr (ft3/hr) 

1 of 2 

83,110 

79,585 

10.1 
538 

2.9 
538 

3 .1 
1.2 
0.5 
0.2 

0.05 

b.8 

257,200 
230 .~oo 

23,200 
12,500 
12,b00 
12,t>00 
11,200 

181+,800 

2.3 

257,200 

11.1 

2.1,200 

(425) 
(1,000) 

(452) 
(181.1) 
(79 • .i) 
(24. 7) 
0 .1.J) 

(2 .O) 

(561,000) 
(508 ,9b0) 
(51,110) 
(27,570) 
(27,730) 
(27,750) 
(24,620) 
(407,370) 

(Jb, bOO) 

(5b7 ,000) 

(1,610) 

(749,000) 
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TABLE E.2-1 (Cont) 

Auxiliary Power 

Boiler feed pumps, condensate pumps, forced 
draft fan, circulating water pumps, 
cooling tower fans. air compressors. and 
miscellaneous, kWe 

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

Turbine heat rate, kJ/kWh (Btu/kWh) 

Station heat rate, kJ/kWh (Btu/kWh) 

NO'l'ES: 

3,525 

a.100 

10,800 

(8,290) 

(10,235) 

* When operating at 0.87 power ±actor and 0.31 MPa (45 psia) 
H

2 
pressure 

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

562,ZOO LB. I 51,110 LB. 

45ZPSIA 

08.9h 

457.ZF 

357.8h 
:5114.0F 

1sr POINT HEATER 
'.l'ITH INTEGRAL 

DESUPEFUHATING ANO 
DRAIN COOLl/ltG ZONES 

34711'1 

572 OF 

11,000LB. 
-o 

SUPEFl>-1E.AT£R 
ATT[lrlflPERATOR 

78,680 LB. 
294.8• 
324.JF 

2'c POINT HEATER 
WITH INTEGRAL 

OESUPERHEATING ANO 
DRAIN COOLING ZONES 

510,200LB. 
278.0• 

508. IF 

801 LER 
FEED PUMPS 

3RDPOINT DEAERATINC 
HEATER 

1020LB. I 
Zl2.9h_/~ 

TO / ··~ 

EVAPORATOR 
CONDENSER 

8940LB 
Zl2.9h 
244.5 F 

20Z.2h 

253.9F 

4TH POINT HEATER 

75,000 KW TURBINE GENERATOR 
TCDF-20" --, 

I 

_25.7PSl~I _ _J I 
---- 1228 h _J 

r24,620 L_B_. _________ ___ 1_.9_PSIA __ _ 

114~tl. 

I 
I r---~ 

GLAND 
STEAM 

COOLER 

l© 
I 

63,160LB. 
Bl .7r. 

115.7F 

5TH POINT HEATER 
WITH INTEGRAL 
DRAIN COOLER 

GLAND STEAM 
CONDENSER 

70.8h 

102.BF 

FIIIOM N.11~ 
STEAM 

I ,ocLe. 
14S1 .. !tl 

AIR 
EJECTOR 

1
408,370 LB. 

1042.lh 

115,IIOICW 79,5151CW 

N[T STATION OUTPUT 

Hl51CW 

AUX I LIAAY POW[" 

GENERATOR 

1755 ICW. AT. 87P.F. AND 50~SIG H1 J•IIEN, 

GENERATOR LOSSES 

24 IC~ 

FIXED LOSSES 

COOLING 
TOWER 

f'ROM H1 AND 
OIL COOLERS 

TO H1 AND 
OIL COOLERS 

1140 GPM 

1140 Ghl 

CONDENSATE 
PUMPS 

LEAKAGES 

NO. FLOW, LI ENTHALPY 

0 11800 1475.0 

0 7470 1475.0 

@ 9510 IHT.I 

0 HO 1550.0 

1150 1445.1 
BASIS OF HEAT BALANCE CALCULATIONS 

E HEAT RA~E• 5412.75\n,110+ 1n5+z45)+4oe.no1104Z.1-n.1)+65,160(81.7-H.J)+5000(Bl.9-H,1)+230( I w-111.1) •IZ90BTU PERl<WH 

© 
© ELEVATION'. PLANT 1$ APPROXIMA'T'ELY 4065 FEET ABOVE SEA LEVEL 

Alli TENPERATURE: AVEAAG[ A~NUAL A,-.Bl[NT .Cl" TEMPERATURE IS 63,3F 

ruEL NATURAL GAS 
STEAM LOSSES 2800 LB. CONSTANT AT ALL LOADS 
BOILEII BLOWOOWN: 0.5,-. STEAM GENERATION 
BOILER EFFICIENCY ADJUSTED FOR ACTUAL INLET AIR TEMPERATU~E AT 75.8 

SUPERHEAT[R, RE1-tEAT[R, ~AIN ANO REHEAT STEAM LIN! PIIIESSURE DROPS 
<;:ALCULATEO AT ALL LOADS. R[H[AT SYSTEM PRESSURE DROP EXPRESS.ED 

AS ,.o PERCENT or HIGH PRESSURE TURBINE [IHAUST PRESSURE .AT TMIS 

LOAD. 

EllTRACTION LINE PRESSURE DROPS CALCULATED AT MAiJMU"'1 LOAD ANO EX­
PRESSED AS TH[ FOLLOWING PER CENT OF TH[ FL.I.NG[ ABSOLUTE PRES -

SURES FOR USE AT ALL LOADS 

EXTRACTION LI NE 
P[R C[NT 

I 

z.z 
2 
1.7 4.1 

4 
4.0 

5 
5.4 

E.,THA.CTION PRESSURES Sl-iOWWN AT OR NEAR flt[ TURBINE SYMBOL ARE 

TURBIN[ [XTRACTIOr.i FLANGE PRESSU~£5 PRESSURES SHOWN NEAR 

HfhT[R S'r'M80LS ARE HEATER ENTRANCE PRESSURES 

[VAPOR ATOR SYSTEM !$ OPERATED TO REPLACE E.~TIMAT.EO STEAM ANO WATEF. 

LOSSES F'RQM TM[ CYCLE BY THROTTLING COIL STEAM SUPPL'!' PRESSURE 

A:, REou1REo, w1TH sURFACE 50"- CLEAN cvAPORATOA BLu~oowN ~uAN­

r1T1 BASE O ON SOLIDS CONCENTRA.TIONS 45 FOLLOWS EVAPORATOR SHE._L, 

3::,UO PPM, a·o1L[R BLO'#OO-N~. 325 PPNI MAl([UP, 780 pp~. 

W[T 8iJLEI TE~PfR.0.,.URE'S ~MOWr-. A~E REQUIRE:> TO PRODUCE COF.RESPONO>hG 

BACI( PRESSURES WITH 36,100 GPM Of CIIIICULATING WAT[fll, 

BASE "'[AT BALANCE COMPUTfU f'Qf, 2"M9 BACp,; PRESSURl ALL FLOWS, PRES-

._lJF;tS, TfMPERA1UR£S, AND f~THALPIES REMAIN UNCHANG[O FOR OTI-IEA 

BAC..: i•Rf:S5uqEs, E•CEPT AS fOLLOWS VALUES SHO~~ tN TABLE. 
ENTHALPV ANO Y["'HRA"!'u'I[ or C.ONOEl!riiSAT£ TO THE AIR EJfCTOR, GLAND 

Sl[AM CONOENC-.£'- AND~•• POINT 14FAT£A. P1TMALPY Aip,jr, TEMPERATURE L·F DRo\lNS 

•AC'M ~•• POIPIIT t-4t:.AT[R. 

.. INLET ENTHALPY OF 1.P TURltfrriE OET[,aM1NEO IY TURIINE MANUFACTURER'S 
PftOC[DU"E f()llt HANDllNG LEAKAGE f' 

AUXILIAl'rY POWER REQUIREMENTS ARE CALCULAT[_D FOR ALL 
EQUIPMENT_ 'THE \11.JOR EQUIPMENT CONSIOEIIIEO 1S AS 

FOLLOWS: 
REQUIREMENTS VARI.0.8Lf WITH CHANGE IN LOAO ON UNIT 

~"i! NUMBER OPERATING 

Z bOIL[R FEED PUMPS 

2 CO'ffl£NSATE PUMPS 

I tORCED DRAF'T F'AN 

2 
2 

STATION SERVICE TRANSFORMER L05S 

AVERAGE OAILY REQUIR[llritENTS, CONSIJER[L, CONSUNT AT 
ALL LOADS 

NU,,.8ER QP[AATi~G 

INSTRUMENT AIR COMPRESSOR 

Sf.Al/ICE AIR COMPF-'ESSOR 
DEEP WE.LL PUMP I 
CIRCULATING WA.TEQ PUMPS 2 

!I COOLING TOWER FANS ~ 

TURBIN ,, 
15

,
110 

HO 15112 .0 

0 230 1552 .o 

@ 1750 1411.1 

556,600( 1491.2-458.9)• 11,000( 1491.2- 2H.2)+ zeoo( 1111.1-451.9)+ Z800(H5.0-08.9)+sor,11,0(15z1.7- 1517.5)+7000( l'21. 7-291.J)=I0,23SBTU P[R KWH 
STATION HEAT RATE• .144• 79,515 

LEGEND 
-- STEAM 
--- WATER 
~ POWER,KW 

LB FLOW, POUNDS PER HOUR 
ENTHALPY, BTU PC R POUND 

TEMPfRATUIIE, OEGR[ES r4HR 
TO TEAMINA.L Dlf'F'ERENCE 
DC T[Aaiil Cliff' DRAIN COOLER 
KW KILOWATTS 

FWA FEED WAT£fl REGULATOR 
HQ PJ.lE.S.SUAE, 1 ~ ,, .. MERCURY, ABS 

PSIA PAESSVAf, LB rrR SQUARE IN., ASS 
PSIG PRESSURE, LB PER SQUARE IN ,GAGE 

CONDENSER 5T• p()1MT 
BACK [XTAACTK>N 

PRESSURE FLOW 

LB 

FIGURE E.2- I 
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HEAT BALANCE DIAGRAM- 83 MW LOAD 
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ECONOMIZER 

2•4,800LB. I Z0,580LI, 

, ..... 
393.&r 

1ST POINT HEATER 
WITH INTEGRAL 

OESUP[ RHUTI NG AND 
DRAJN COOLING ZONES 

OL8. 
TO 

SUPEi.HEATEA 
ATT[IIP[UTOR 

33,580L8 u, .•• 
269.7F 

2ND POINT HEATER 
WITH INTEGRAL 

DUUP[RHEATING ANO 
DRAIN COOLING ZONES 

Zl4,800L8. 
230.I~ 
Hl.4f 

BOILER 
F·EED PUMPS 

3Ropo1NT DEAERATING 
HEATER 

EVAPORATOR 
CONDENSER 

7,270LI 
18'.9h 
215.SF 

75,000 KW TURBINE GENERATOR 
TCDF-20" ---, 

I 

I --
_,2.4PSl~l_:.__J I 

---- 1204• _J 
s.?ZOLe_. ____ ----- ~t:;:l& ---r 

I 
I t---~ 

118.00 

2DO.OF 

4TH POINT HEATER 5TH POI NT HEATER 
'111TH INTEGRAL 
DRAIN COOLER 

GLAND 
STEAM 

COOLER 

i@ 
I 

GLAND STEAM 
CONDENSER 

72.4h 

F,tQM MA!N 
STEAM 

J ~~'~;h 

104.4f 

AIR 
EJECTOR 

I 21Z,930LI. 
1061 ... 

41,070kW Sl,200KW 

G[N[lll&TION at[T ST&TIOIIII OUT~UT 

Z,170kW 

AUIILIAaY POW[III 

GENERATOR 

160KW AT .IIIP.F. AND 0.5PSIG H1 PUIS. 

GE!ll[tl&TOII LOSSES 

245kW 

,1xED LOSSES 

COOLING 
TOWER 

FROM "z AND 
OIL COOLERS 

TO H2 MO 
Cll COOL[filS 

1140 GPM 

1140 GPII 

CO"IDENSATE 
PUMPS 

LEAKAGES 
NO. FLOW, LI ENTHALPY 

0 4500 1411.0 

0 3850 1422.0 

@ l7SO 1317 _I 

0 320 1300.0 

1570 14St.l 
BASIS OF HEAT BALANCE CALCULATIONS 

TURB'
uE • 5412.15(41,010+ eao+245l+ 212.n011061.4-H.1)+ 2&,140(1& 7-69.ll+ 5ooo(s&.2-69.1)+no<1524 o-s..,i.

8 665
BTU PEIi KWH 

© 
@ ELEVATION: PLANT IS APPROJIIIATHY 4065 FE[T AIOV[ SEA LEVEL 

AIR TEMPERA.TUR[ AVERAGE ANNUAL ANBl(NT AIR TEMPE"'ATURE IS 63. 3 F 
FUEL NATURAL GAS 

STEAII LOSSES. ZIOO LB. CONSTANT AT ALL LOADS 
BOILER ILOWDOWN: 0.5'1', SHAii GENEIUTION 
BOILER EF'FICIENCY' ADJUSTED FOR ACTUAL INLET AIR TEMPERATURE AT 75.0 
SUP[AHEATER, REt-4EAT[A, MAIN ANO REHEAT STEAM LINl PN[SSU-.1. DltOP'S 

CALCULATED AT ALL LOADS. REHEAT S'fST[M PRESSURE D~OP EXPRESSED 

AS 1,5 PERCENT OF HIGH PRESSUR[ TURBIN[ EXHAUST PRESSURE AT THIS 
LOAD. 

£•TRACTION LINE PAfSSUIIIE DROPS CALCULATED AT MAXIMUM -LOAD ANO EX­
PRESSED AS TH[ FOLLOWING ,ER CENT Of THE FLA NOE ABSOLUTE PR[S • 
SURES FOR USE AT ALL LOADS 

[):TRACTION LINE 
PER CENT 2.2 

2 
1.1 

3 
4.1 

4 
4,0 ' 6.4 

[JC TRACTION PRESSURES SHOWN AT 0'1 NEAR THE TURI I NE SYMIOL ARE 

TURIINE [XTRACTION FLANGE PRESS~RES PRESSURES SHOWN NEAR 

HEATER SYMBOLS ARE HEATER ENTRANCE PRESSURES 
EVAPORATOR SYST(!III IS OPERATED TO REPLAC[ ESTIMATED STEAM ANO WATER 

LOSSES FRON THE CYCLE BY THROTTLING COIL STEAM SUPPLY PRESSURE 

AS REQUIRED, WITH SURFACE 50"'- CLEAN, [VAPO,-ATOR BLOWOOWN QUAN­

TITY BASED ON SOLIDS CONCENTRATION$ AS FOLLOWS [\IAPOl'ATOR SHELL, 
3800 PPM; 801L£R BLOW DOWN, 32!> PPM; MAKEUP, 780 PPM. 

WET BULi TEMPERATURES SHOWN ARE REQUIRED TO PRODUCE COR~ESPONDI ~G 

IACK PRESSURES WITH 31 1900 Gf"III 0,. ClfitCULATING WAT[fl, 
BASE MEAT BALANCE COMPUTEO FOR z·Ho BACI( PRESSURE. ALL FLOWS, PRES­

SUFtES, TEMPERATURES ANO ENTHALPIES REMAIN UNCHANGED FOR OTIHA 

BACl'l PRESSURES. EXCEPT AS FOLLOWS \IALUES $MOWN IN TABLE, 
("lTHALPY AND TEMPfflATURE Of" COtr,DENSAT[ TO THE AIR (JECTOR, GLAND 

STEAM CONDlNSUt ANO!,'• POINT "4£AT(ft, EN1HALPY ANO T[MPERATURE OF DRAINS 

FROM ,,. PO .. T HEATE'-. 

• INLET ENTHALPY or IP TURBiNE DETERMINED BY TURBIN[ MANUFACTUR[R'S 
PROCEDURE FOR MANDLING LEAKAGE 

A.UX.IL!AIIIY POWE~ REQUIREMENTS ARE CALCULATED FOR ALL 
[QUIPIIIENT THE MAJOR EQUIPMENT CONSIOEAEO 1S AS 

FOLLOWS: 
AEOUIR[MEfrllTS VARIABLE WITH CHANGE IN LOAD ON UNIT 

~ NUMBER OPERATING 

2 BOILER FEED PUMPS 2 
Z CO..OE:NSATE PUMPS 
I fOftC(O DRAFT FAN 

STATION SEfll:VICE TAANSFDf'MER LOSS 

AV[flAGC DAILY REQUIREMENTS, CONSIOER[C CONSTANT AT 

ALL LOADS 
NU,_BER OP[R-'TING 

IHSTRVMENT AIR COMPRESSOR 

SE.RV!([ AIR COMPRESSOR 
I DEEP WELL PUMP 
2 CIRCULATING WAT[fl PU ... P'S 
-, COOLl~G TOWER FANS 

~ HEAT RAT£ 41,070 ' 

STATIO"I HEAT RATE, 210,600( 1491.Z-369.&)t 2800( 11&1.o- 369.6 )+ 1400(611.3-369.6 )+251,440(1483 8 • 132'. el ,11,095 BTU PEIi KWH 
.841•31,200 

LEGEND 
-- ST[AIII 
--- WATEft 
~ POWER,kW 

LB rLOW, POUNDS Pflt HOUR 
11 [NTHALPY, !T:J Pf1t POUNO 

, l[MP[fUTUH[, DEGREES FA.MR 
TO TERMINAL DIFFERENCE 
DC TERM OIFF Ol'AIN COOLER 

CONOENS[R 5T"M POINT TURBINE L PT END T .JA81htE NET 
BACK [XTR.ACTIONi [J:14.&UST POIM1 E.,.tAUST G£tltERATIOH ST&TtON 

""ESSUIU FLOW FL.OW ENTliALPY Et1TP-4A.L.PY OUTPUT 

FIGURE E.2-2 

2ao IJZ4 0 

0 no 1324.0 

@ 17SO 14111. 2 

KW fc;ILOWATTS 

FW" FEED WATEIII "EGULATOR HEAT BALANCE DIAGRAM - 41 MW LOAD 
119 PRESSURE, IN.or MERCURY, AIIS 

,,-SIA PRESSURE, LB P£1t SQUARE IN., ABS 
PSIG PRESSUflE, L8 P(il SQUARE IN .GAG[ 


