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FOREWORD 

This is the initial submittal of the Solar Pilot Plant Preliminary Design 

Report per Contract Data Requirement List Item· 2 of ERDA Contract E(04-3)-

1109. The report is submitted for review and approval by ERDA. This is 

Volume II - Book 3 of seven volumes. 
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SECTION 1 

INTRODUCTION AND SUM:vIARY 

This book presents a description of the mathematical models and computer 

program comprising the SPP Dynamic Simulation. 

The SPP Dynamic Simulation is a computerized model representing the time
varying performance characteristics of the SPP. The model incorporates all 
the principal components of the pilot plant as illustrated in Figure 1-1. 

Time-dependent direct normal solar insulation, as corrupted by simulated 
cloud passages, is transformed into absorbed radiant power by actions of the 
heliostat field and enclosed receiver cavity. The absorbed power then drives 
the steam generator model to produce superheated steam for the turbine 

and/or thermal storage subsystems. The thermal storage subsystem can, 

in turn. also produce steam for the turbine. 

The turbine using the steam flow energy produces the mechanical shaft 

power necessary for the generator to convert it to electrical power. This 
electrical power is subsequently transmitted to a transmission grid system. 

Exhaust steam from the turbine is condensed, reheated, deaerated, and 

pressurized by pumps for return as feedwater to the thermal storage and/ or 
steam generator. 

A master control/ instrumentation system is utilized to coordinate the 

various plant operations. The master controller reacts to plant operator 

demands and control settings to effect the desired output response. 
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The SPP Dynamic Simulation Computer program is written in FORTRAN 

language. Various input options (e.g., insolation values, load demands, 

initial pressures/temperatures/flows) are permitted. Plant performance 

may be monitored via computer printout or computer generated plots. The 

remainder of this document describes the detailed pilot plant dynamic model, 

the basis for this simulation, and the utilization of this simulation to obtain 

analytical plant performance results. 
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SECTION 2 

MODEL DESCRIPTION 

This section describes in detail the various models which comprise the SPP 

dynamic simulation. The discussion is divided into the following subsections: 

• Overall Plant model 

• SGS (Steam Generator Subsystem) 

• EGS (Electrical Generation Subsystem) 

• TSS (Thermal Storage Subsystem) 

• CS ( Collector Subsystem) 

• MCS ( Master Control Subsystem) 

OVERALL PLANT MODEL 

The overall model of the SPP is shown in the functional schematic of Figure 

2-1. Figure 2-2 illustrates the elements explicitly modeled in the SPP 

dynamic simulation. As shown, each major subsystem is modeled, in 

addition to the major valves and piping dynamics. 

The simulation employs a collector model to provide the radiant heat input 

stimulus to the system. The collector model integrates, on a 20 x 20 matrix 

cell averaging basis, the results of the 1598 individual heliostats collecting 

direct normal solar insolation to provide redirected radiant power into the 

receiver cavity on six separate nodal surfaces. This redirected energy is 

then combined with calculated reradiated power levels to provide the total 

absorbed radiant heat input onto the various SGS active surfaces. 

40703-11-3 
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2-4 

The SGS, using the absorbed radiant power, produces steam for flow either 

to the turbine through the throttle valve, or to the TSS through a turbine 

bypass valve. Because of the relatively long pipe lengths involved for steam 

flow (e.g., some 198m (650 ft) for receiver/turbine steam due to the tall 

receiver tower height), piping flow dynamics are included. 

Steam flow continues to the turbine where mechanical power is extracted 

from the thermodynamic flow power. This mechanical power is then con

verted into electrical power by the generator. 

Turbine exhaust steam is condensed and then reheated as feedwater by a 

series of heaters and other heat exchanging devices. 

A sensible-heat thermal storage subsystem is modeled. It can either be 

charged, using steam flow from the SGS, or discharged, sending steam flow 

to the turbine. 

Each of the individual subsystem models is described in the following sub

sections. 

SGS (STEAM GENERATOR SUBSYSTEM) MODEL DESCRIPTION 

The modeled SGS elements consist of the following modules: 

• Drum/boiler 

• Primary superheater (PSH) 

• Attemperator 

• Secondary superheater (SSH) 

• Steam control valves 

40703-II-3 
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• Water valves 

• Valve actuators 

Each of these elements is described in t;his subsection. (Tables 2-1 and 

2-2 list symbols and model parameter values used in the simulation. 

Figure 2-3 illustrates the breakdown of SGS modeled elements. including 

interface parameter variables. utilized in the SGS model. 

Drum/Boiler 

The drum/boiler is shown schematically in Figure 2-4. It is divided into 

four separate sections: 

• Downcomer section 

• Boiler section 

• Riser section 

• Drum section 

In addition, an overall drum/boiler section is required to complete the model. 

Mass and energy equations are determined for the first three of the four 

elements above. plus the complete unit. Fluid mass for the fourth element 

(drum) is computed by subtracting the masses of the downcomer/boiler riser 

from the overall drum/boiler subsystem mass. 

Downcomer (Region 2) -- Fluid from the drum is delivered to the recirculation 

pump bottom suction through the downcomer. In the downcomer. the fluid is 

normally subcooled. However. should the drum pressure drop suddenly. the 

fluid in this region can go into saturation. The model accounts for such a 

possibility. 
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Table 2-1. 

Location Symbol 

Drum/ Boiler Hoc 

HFW 

HF 

H2 

HG 

HFG 

H(Z) 

HAVG(Z) 

HA 

M5 

M2 

M3 

M4 

MT 

WRC 

WFW 

WB 

WO 

WBD 

xx 

x2 

X(Z) 

C2 

C(Z) 

CF 

* Non-Dimensional, 

2-7 

List of Symbols 

Description I Units I 

Fluid enthalpy, fluid entering downcomer Btu/lb 

Feedwater enthalpy Btu/lb 

Fluid saturation enthalpy of drum fluid Btu/lb 

Enthalpy of fluid exiting downcomer Btu/lb 
into boiler 

I 

Saturated vapor enthalpy of drum fluid Btu/lb 

Evaporation enthalpy of drum fluid Btu/lb i 

Boiler tube enthalpy along vertical Btu/lb 
distance Z 

Average enthalpy along boiler tube height Btu/lb ' 

Average boiler/drum enthalpy Btu/lb 

Drum fluid mass lb 

Downcomer fluid mass lb 

Boiler fluid mass lb 

Riser fluid mass lb i 

Total drum/boiler fluid mass lb 

Drum/boiler recirculation flow lb/hr 

Feedwater flow into drum lb/hr 

Drum fluid flow into downcomer lb/hr 

Steam flow out of drum lb/hr 

Blowdown flow lb/hr 

Fluid quality in downcomer N.D.,:, 

' 
Downcomer exit fluid quality N,D. ' 

Fluid quality along boiler tubes 

Fluid density of fluid exiting downcomer lb/ft
3 

to boiler 

Boiler tube fluid density as function of lb/ft
3 

height 

Average overall boiler/drum specific lb/ft
3 

density 
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Table 2-1. List of Symbols (Continued) 

Location I Symbol i Description i Units 

Drum/ Boiler ¢(Z) Boiler flux distribution along boiler tubes 

I 
Btu/hr/ft 

( continued) 

VT 1= V1) Overall drum/boiler volume(= VT) I ft3 
I 

Voci =Y2) I Downcomer fluid volume ( = V DC) ft3 

v2 Downcomer fluid volume ft3 

v3 Boiler fluid/vapor volume 
! ft3 

V Riser fluid/vapor volume I ft3 
4 

V Drum fluid/vapor volume ft3 
5 

QRC Heat added by recirculating pump Btu/hr 
: 

Q(Z) Boiler heat distribution along tube Btu/hr 
distance Z 

QB Total boiler absorbed heat input Btu/hr 

QPSH Total absorbed heat input to PSH 
I 

Btu/hr 

QSSH Tota 1 absorbed heat input to SSH Btu/hr 

QR Total radiant heat input to SGS Btu/hr 

V f 
Specific volume of drum saturated liquid rt3 

/lb 

V Specific volume of drum evaporation fluid rt3 /lb 
fg 

V Specific volume of drum saturated vapor rt3 /lb 
g 

V Specific volume of downcomer outlet fluid rt 3 /lb 
2 

AD Effective drum cross-sectional area ft2 

A Boiler tube effective cross-sectional area ft2 

Boiler flux distribution constant 
i ft- 1 

a I 
! 

Cl Boiler constant used to compute average hr/lb 

K).IB Factor accounting for metal/fluid storage N.D.,:, 

Kl Boiler flux distribution constant Btu/hr/ft 

L i\Iaximum height of boiler tubes Ft 

' I TD Drum saturation temperature OF 
I 

PD Drum saturation pressure I psia 

z Boiler tube vertical distance I ft 

: -t Drum liquid level ft 

LD Effective drum height ft 

·,· Non-Dim ens iona 1. 

40703-II-3 



2-9 

Table 2-1. List of Symbols (Continued) 

Location I Symbol I Description I Units 

Drum/ Boiler a Boiler tube fluid density variable Btu ft3 
( cone luded) Tb To 

/3 Boiler tube fluid density variable Btu ft 3 

Th To 

Primary Cl\TPSH Specific heat of metal Btu/lb-°F 
Superheater 

hr2 /in2-rt3 (PSH) KFRPSH Flow friction coefficient of PSH 

Ki\ISPSH l\Ietal-to-steam heat transfer coefficient Btu/lb-°F 

MMPSH PSH metal mass lb 

HPSHO Outlet steam enthalpy Btu/lb 

QPSH PSH radiant heat energy input Btu/hr 

TPSHM PSH average metal temperature OF 

TPSHO PSH outlet steam temperature OF 

VPSH PSH steam volume H3 

WPSHi Inlet steam flow to PSH lb/hr 

WPSHO Outlet steam flow from PSH lb/hr 

PD Drum pressure psia 

PPSHO PSH outlet pressure psia 

CPSH PSH specific density at outlet lb/ft3 

i 
Kl ---

Callendar' s relationship constants 
K2 ---

Atternp'erator WATTSO Attemperator outlet flow lb/hr 

WSSHi SSH inlet steam flow lb/hr 

WATTSP Spray flow lb/hr 

PFW Feedwater pressure psia 

PATTSO Attemperator chamber pressure psia 

XAVA Attemperator valve port opening area pu 

CVAT Valve characteristics lb/hr --
psia 

HATTSO Outlet enthalpy Btu/lb 

HPSHO PSH outlet enthalpy Btu/lb 

W ATTSi Attemperator inlet flow lb/hr 
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Table 2-1. List of Symbols (Concluded) 

Location Symbol Description Units 

Secondary CMSSH Specific heat of metal Btu/lb-°F 
Superheater 

Hr2 /in2-ft3 
KFRSSH Flow friction coefficient 

KMSSSH Metal-to-steam heat transfer coefficient Btu/lb-°F 

MMSSH SSH metal mass lb 

HSSHO SSH outlet steam enthalpy Btu/lb 

QSSH Radiant heat input Btu/hr 

TSSHM Average SSH metal temperature OF 

TSSHO Outlet steam temperature OF 

VSSH SSH steam volume ft3 

WSSHi SSH inlet steam flow lb/hr 

WSSHO SSH outlet steam flow lb/hr 

PSSHO SSH outlet pressure psia 

PATTSO Attemperator outlet pressure psia 

CssH SSH specific density lb/ft3 

Kl ---
Callendar's relationship constants 

K2 ---

40703-II-3 
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Table 2-2. SGS Model Parameter Values 

Value English SI 
Parameter SRE SPP Units Units 

1) Valve/ Valve Actuator Parameters: 

a) Attemperator Valve: 

<;AVA - Time-constant factor 10. 0 -1 
sec 

- 1 
X AV - Rate limit o. 1 sec 

X AV AH - High position limit 1. 0 pu 

XAVAL - Low position limit o. 0 pu 

CVAT - Valve characteristic 120. 0 (7,894. 6) lb/hr/psi ( kg/hr/MPa) 

b) Feedwater Valve: 

<?FWA - Time-constant factor 1. 667 
-1 

sec 
-1 

~FW - Rate limit o. 05 sec 

XFWAH - High position limit 1. 2 pu 

XFWAL - Low position limit o.o pu 

CFWV - Valve characteristic 1596. 45 (105,027.27) lb/hr/psia ( kg/hr/MPa) 

c) Steam Control Valve: 

CSCVA -Time-constant factor 10. 0 
-1 

sec 
-1 

XSC - Rate limit o. 1 sec 

XSCVH - High position limit 1. 1 pu 

XSCVL - Low position limit o. 0 pu 

CSCV - Valve characteristic 786. 4 (51,735. 7) lb/hr/psia ( kg/hr/MPa) 

d) <;BOA - Time- constant factor 20. 0 
-1 

sec 
- 1 

XBD - Rate limit o. 0667 sec 

XBDH - High position limit 1. 0 pu 

XBDL - Low position limit 0. 0 pu 

CVDB - Valve characteristic 55. 56 (3,655.18) lb/hr/psia ( kg/hr/MPa) 

2) Boiler I Drum Parameters: 

W RC - Recirculating flow 160,640 (72,865) lb/hr ( kg/hr) 

V 1 - Total drum/boiler volume 43. 8 (0. 12403) ft 3 (m3) 

V 2 - Downcomer volume 13. 5 (0. 03823) ft3 (m3) 

V 4 - Hiser volume 4. 55 (0. 01288) ft3 (m3) 

QRC - Boiler recirculating pump heat 190,000 (20,046) Btu/hr ( kJ/hr) 

(QR)max - Maximum total absorbed power 16. 622 ( 1061 Btu/hr (kJ/hr) 
(17. 537 (10 5)) 
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Table 2-2. SGS Model Parameter Values (Concluded) 

Value English SI 
Parameter SRE SPP Units L'nits 

Ao - Drum cross-sectional area 2,875 (0, 2671) ft2 (m2) 

A - Boiler tube cross-sectional area 0, 5266 (0, 0489) ft2 (m:!) 

a - Boiler tube flux distribution constant 0, 3586 (1,177) ft-1 (m-ll 

KMB - Factor for metal/fluid storage 1. 56 (0, 475l ---
L - Boiler tube height 5,875(1,791l ft (ml 

L 0 - Drum height 8. 2 (2, 499l ft (ml 

3l Primary Superheater Parameters: 

CMPSH - PSH metal specific heat o. 12 ( o. 5l Btu/lb-"F ( kJ /kg-•C) 

KFRPSH - Flow friction coefficient 1. 06 (lo- 6) (1. 937(10- 7 hr2 /in2-rt3 (hr2 /cm 2-m3) 

KMSPSH - Meta~-!o-steam heat transfer 27. 817 (116. 47l Btu/lb-"F (kJ/kg~•c) 
coeff1c1ent 

MMPSH - Metal mass 2500 (1134, 0) lb (kg) 

V PSH - Fluid volume 3, 47 (0, 00983) ft3 (m3) 

Kl 1. 244 ---
K2 

- Callendar's relationship constants 1039. 38 ---

4) Secondary Superheater Parameters: 

CMSSH - SSH metal specific heat o. 12 ( o. 5) Btu/lb-"F ( kJ/kg -•c) 

KFRSSH - Flow friction coefficient 7, 75 (10- 7) hr
2

/in
2
-rt3 

KMSSSH - Meta~-!o-steam heat transfer 26. 3 (110. 12) Btu/lb-"F ( kJ/ kg-'Cl 
coefficient . 

MMSSH - Metal mass 2500. 0 (1134. 0l lb kg 

V SSH - Fluid volume 3. 47 (0. 00983) ft3 3 
m 
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In modeling the downcomer section, the following assumptions are made: 

1) Recirculation mass flow is constant due to the recirculation 

pump. Therefore, pump dynamics are not modeled. 

2) Mass storage in. the downcomer is negligible. 

3) Pressure along the downcomer is at the saturation pressure 

of the drum (i.e., the pressure rise due to gravity is negligible). 

4) All feedwater enters the inlet of the downcomer and is thoroughly 

mixed with the saturated water exiting the drum separator. 

An energy balance equation is written at the entrance to the downcomer based 

on adiabatic mixing of the feedwater and drum fluid streams, as shown 

below. 

DRUM 

(FEEDWATER) 

WFW -- ._ ____ WB 

HFW HF 

WRC CD OWN COMER) 
Hoc 

The energy balance equation for adiabatic mixing is 

(2-1) 
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The mass balance is always correct by letting 

( 2-2) 

Then the energy balance equation ( 2-1) can be rewritten as 

( 2- 3) 

or 

(2-4) 

By defining 

XX = WFW/WRC (2-5) 

the energy balance equation can be rewritten as 

Hoc = (XX) HFW + (1 - XX) HF ( 2- 6) 

The quantity "XX" is approximately the quality X of the downcomer fluid. If 

the drum level is held constant, the quantity XX is equivalent to the fluid 

quality. 

An energy balance equation for the downcomer control volume is needed if 

any bubbles are to form during sudden drum pressure decreases. The energy 

balance equation is 

( 2-7) 
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The density ofdowncomer fluid is computed by either of two alternate methods, 

depending on whether the fluid is subcooled or saturated: 

• Sub cooled: 

If HF > H2 , the fluid in the downcomer is sub cooled and the 

density is given by 

where f(H2} is a polynomial fit of the steam tables. 

• Saturated: 

{2-8) 

If HF< H2 , then C 2 is calculated as follows. 

quality is determined as 

First, the 

H2 - HF 
X2 = HFG 

(2-9) 

The specific density is then given by 

(2-10) 

and the density by 

( 2-11} 

The HF, HFG' VF and VG terms are functions of saturated drum pressure 

only. These quantities are continuously calculated by polynomial fits of the 

steam tables. 

Notice that the only time bubbles can form in the downcomer is when H2 > HF. 
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The mass in the downcomer is given by 

( 2- 12) 

In Figure 2-4, a valve and pump are shown in the downcorner region. There 

will be a pressure rise across the pump, and a pressure drop across the 

valve. The magnitudes of these two pressure terrns is nearly the s<1mc, and 

arc therefore neglected in the rnodel. 

Boiler ( Hegion 3) -- Hecirculating water discharging from the recirculation 

pump enters a distribution header along the lower outside portion of the 

cavity. Water then rises in the boiler tubes where it is subjected to heat 

transfer from solar radL:ition. Nlicleate boiling occ•1ffs and a saturated 

mixture then proceeds up the riser section to the drum. 

In m,~dcling the boiler section, the foJlowing assumptions an, rwufo: 

1) The heat flux distribution is l'ixcd along the VPrti cal 

distance from the boiler inlet to out1d h,,aders. Th<' 

flux amplitude, but not the distribution, et.m be varied. 

2) At all points along the boiler tube walls, thr~ prPss11r,~ 

is equivalent to Uw drum saturation pressure. 

3) M;:iss storage d'fc!cts in the~ hoilc~r tubes arc~ negligible•. 

4) The energy stored in the· boiler tubes is ncgligib1C'. SincP 

the heat transfer co<~fficient is high, and thP rndal rnaf::s is 

small, the lag is generally insignificant. 

'l 
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The drum for the SGS is a vertical unit, so that shrink and swell effects are 

much larger than would exist for a horizontal drum with equal volume and a 

larger surface area. The shrink and swell variations have been determined 

to be quite small by comparison. 

In order to determine the drum level accurately, the mass in the boiler region 

must be calculated accurately as the heat input is varied. The quality of the 

boiler fluid also significantly affects drum level. 

The mass of the fluid in the boiler tubes is strongly dependent upon the heat 

flux distribution. For the SGS, a sine-wave type of flux distribution pattern 

has been determined to be representative of the absorbed radiant heat input. 

This flux distribution pattern is shown in the figure below. 

TOP OF L 
BOILER 
TUBES 

HCZ), WRC 

z ---}--
Btu 

¢=Kl sin (aZ)HR/FT 

= FLUX DISTRIBUTION 
BOTTOM OF 
BOILER 
TUBES 0 -----

t 
H2, WRC 
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The flux distribution is assumed to be uniform around the cavity, The amount 
of heat absorbed by a section of the boiler tubes of length "Z" can be written 
as 

Q(Z) = J z ¢(Z) dZ 
0 

= J Z K 1 sin (aZ) dZ 
0 

Kl 
= - [ 1 - cos ( aZ) J a 

where the value of the constant, K 1, is given by 

aQB 
K = 

1 1 - cos (aL) 

(2-13) 

(2-14 

Any increase in boiler heat input, QB, increases the amplitude of the flux, 

ct>, but not the distribution. 

During boiling, the fluid enthalpy at any point along the boiler tubes is obtained 

by writing an energy balance equation for the control volume: 

or 

H(Z) = H +~ 
2 WRC 

The quality at any point along the boiler tubes can be written as 

X(Z) = H(Z) - HF 

HFG 

where HF and HFG are functions of drum saturation pressure. 
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The specific volume within the tubes can then be written as 

V(Z) = (1 - X) V f + XV G ( 2-18) 

and the specific density as 

C(Z) = vfz-5 

( 2-19) 

Combining Equations (2-16) through (2-19), the expression for specific 

density can be rewritten as 

C(Z) = a + /3 cos (aZ) (2-20) 

where 

a = (2-21) 

(3 = ( 2-22) 

The total mass in the boiler tubes, M
3

, can then be found by the expression 

(2-23) 

where A is the effective cross-sectional area of the boiler tubes. Integrating 

the expression of Equation ( 2- 23) yields: 
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H l ' r ? '} I aL) I M = 12:81( FG -) t -1 Ver'"' - @'"' tan 2 (2_24 ) 
3 a I ya 2 _ 132 an er + /3 

I fl+ a cos {aL) +V/l2 - a2 sin {aL)l 
Q' + T3 cos (aL) 

(2-25) 

Prior to boiling, as during a cold startup situation, the density in the boiler 

tubes will be nearly equivalent to the density in the downcomers Cl: 
2

). The 

computerized model uses the density, r 
2

, value for temperatures less than 

boiling. , When the average enthalpy in the boiler tubes exceeds 118. 57 Kjoules / 

kg ( 180 Btu/lb) (i.e., boiling), the density is computed on the basis of Equation 

(2-20) and the mass on the basis of Equation (2-23). Otherwise, before boiling, 

the mass in the boiler tubes is computed as 

(2-26) 

The average enthalpy in the boiler tubes is computed using Equation (2-16). 
which can be expressed as 

H(Z) = H +~ 
2 WRC 

K 
= H + l [ 1 - cos (aZ) ] 

2 aWRC 
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Then the average boiler tube enthalpy is computed as 

where 

HAVG(Z) 
1 .IL Q(Z) dZ = H2 +L WRC 0 

K 
[ 1 _ st':J,aLl] = H + 1 

2 aWRC 

= H2 + ClQB 

= 1 - sin ( aL) / aL 
Cl 

WRC [1 - cos (aL)] 

(2-28) 

(2-29) 

Riser Section (Region 4) -- This region of the drum/boiler includes the risers 

and boiler outlet header. For the risers, it is assumed that the inlet and 

outlet enthalpies are equivalent, and that the inlet and outlet nows are equal. 

The riser mass and its effect upon drum level is the significant item to be 

modeled. 

After boiling. the riser fluid volume, M4• can be written as 

M4 = C (L) V4 

= HFG V4 
a+ f3 cos (aL) 

Prior to boiling, the riser fluid mass is approximately 
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Overall System (Region 1) -- Figure 2-4 illustrates t.he SGS model break

down into five regions. Only four of these regions are independent., since 

one region (No. 1) is the overall system. Thus only four independent energy 

balance equations can be written. For the representation selected., Regions 

1. 2., 3., and 4 have been selected as these independent regions. Region 5 

(the drum) energy and mass balance equations are therefore not explicitly 

written. 

For the overall system, the average density and enthalpy can be obtained from 

a continuity equation and an energy balance equation: 

• Mass Balance (Continuity) Equation: 

(2-32) 

• Energy Balance Equation_ 

where 

VT = Overall system volume 

CF = Overall average system specific density 

HA = Overall average system enthalpy 

WO = Steam flow out of drum 

KMB = Energy storage effect correction factor 
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The primary assumption used in these equations is that the internal energy 

was approximately equal to the enthalpy. 

The term KMB used in the energy balance equation represents a factor to 

account for the energy stored in the metal. In effect, the term combines the 

metal and fluid energy storages. 

After the average specific density and enthalpy terms (CF and HA) arc deter

mined, the following drum/boiler saturation properties are determined using 

polynomial fits of the steam tables: 

• 
• 
• 
• 
• 
• 
• 
• 

TD= TSAT (HA, 

p D = p .3A T (TD) 

HF = f (PD, T 0 ) 

HFG = f(PD) 

HG = f(P0 ) 

VF = f(P0 ) 

VFG = f(PD) 

VG=VF+VG 

CF) = Saturation temperature 

= Saturation pressure 

= Fluid enthalpy 

= Evaporation enthalpy 

= Vapor enthalpy 

= Fluid specific volume 

= Evaporation specific volume 

= Vapor specific volume 
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Calculation of Drum M9.ss and Drum Level -- The total overall system 
mass is given by 

(2-34) 

- ,. V - '-"F T 

= Ml 

The mass in the drum, can therefore be determined by 

(2-35) 

Assume that all the liquid is at the bottom of the drum, and the vapor at the 
top. Th 1:!n, since this is a vertical drum, the volume varies approximately 
linearly with height (even considering drum internals). Th.1s, the drum can 
be considered as a right cylinder and we can write 

where 

LD = Effective height of drum 

t = Liquid level of drum 

AD = Effective drum cross-sectional area 
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Thus, the drum level is determined hy 

(2-37) 

Primary Superheater (PSH) 

In the PSJI, dry steam ,mtering from the drum is heated hy radiant heat 

absorbed by the mdal prior to exiting to the attemp2rator. A single-node 

representation has been adopted, allowing the: PSII to he represented by a 

set of ordinary differential equations. A multiple-node representation of the 

PSH would be possible provided nodal parameters were available. 

The PSH m,2tal tcmpr.rature and enthalpy are determined hy the respective 

energy conservation equations: 

(2-38) 

3 GOO CMPSH MMPSII T PSTIM "' QPSII - KiVISPSTI W~-_;S~J</T PSJIM-T PSfTO) 

3 fjQQ Cpsn V PSTT HPSTTO - W PSlli Iln - W PSTIOifr,sno + KMSPSTT W ~~)To 

(T PSHM - T Psrro> ( 2- 38) 

Flow through the PSH coil is found by assuming a quasi-static relationship 

between flow in and out of the PSH; i. c. : 

( 2-40) 

The outlet flow is then a function of pressure differential and specific de:ns ity: 

( 2-41) 
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where 

KFRPSH is the flow friction term. 

The outlet flow, WPSHO' will be set by the flow into the attemperator. A 
second relationship between outlet pressure and specific density is required 
in order to determine these two .variables. Using Callendar's relation (Ref. 1 ). 

P = C (K H - K ) ( 2-42) -- 1 2 

provides this second relationship. For the PSH, Callendar' s relationship is 
therefore 

where 

K
1 = 1. 244 

K
2 

= 1039. 38 

( 2-43) 

in units consistent with psia (pressure), lb/ft3 (density), and Btu/lb (enthalpy). 

Usmg Equations (2-41) and (2-43) results in the relationshipff: 

2 
(PD - PPSHO) CPSH = KFRPSH WPSHO (2-44) 

lPn - C PSH <K1HPSH0 - K2>] CPsH = KFRPSH w!sHo (2-45) 

Fmally, 
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Since this equation has only one unknown variable, (:PSH' the solution is 

found by quadratic equation solution. 

Once the specific density, CPSH' is known, the outlet pressure, PPSHO' 

can be determined from Callendar's relationship: 

(2-47) 

The remaining PSH variable of interest is outlet steam temperature (T PSHO). 

This is determined by a polynomial fit of the steam tables: 

( 2-48) 

Attemperator 

The attemperator adiabatically mixes feedwater with the PSH outlet steam 

for SSH outlet steam temperature control. A constant-pressure process 

with no energy or mass storage effects is assumed. 

The attemperator outlet flow is determined from the SSH steam inlet flow, 

i. e. : 

W ATTSO = WSSHi 
(2-49) 

The attemperator spray flow is determined from 

(2-50) 
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where 

CVAT = Attemperator valve characteristic 

XAVA = Valve opening 

PFW = F'eedwater pressure 

PATTSO = Attemperator pressure 

The attemperator chamber pressure is assumed equivalent to the PSI-I outlet 

pressure (PPSI-IO). 

The attemperator enthalpy (H ATTSO) is then determined by the energy 

balance relationship: 

I-I A TTSO = (WA TTSi HPSHO + WA TTSP HFw)/W A TTSO 
( 2-51) 

For pressures less than 1. 38 MPa ( 200 psia). the attemperator and PSH 

enthalpies are set equivalent; i. e •• : 

( 2-52) 

Secondary Superheater (SSH) 

This unit adds further superheat tot he steam flowing from the attemperator. 

It is physically nearly identical to the PSH, and therefore the same model 

equations hold. Following the methods outlined in the PSH section, the SSH 

metal temperature and enthalpy energy balance relationship are: 

• 3 GOO CMS SH MMSSH T SSHM = QSSH 

- KMSSSH W~s!o (TSSHM - TSSHO) 

40703-II-3 

(2-53) 



2-30 

• 360° CssHVSSH8SSHO =-= WSSHiHATTSO - WSSHOHSSHO 

+ KMSSSH W~sto (TSSHM - TSSHO) 

• 

• 

• 

Steam Control Valves 

(2-54) 

(2-56) 

(2-57) 

The SSH steam control valve (SCV) model is valid for both choked and un-

choked flow. and for saturated and superheated steam. The valve model does 

not include the actuator, and is valid only when the inlet pressure is greater 

than the outlet pressure (i. e •• no reverse flow). This valve model is used 

only for operation of the SGS as an isolated subsystem. For operation in 

the total pilot plant, the throttle valve on the turbine and the storage bypass 

valve determine steam flow. 

The equations used in describing the steam valve are as follows: 

lp -P 
• 6 Pscv 

= Min SSHO out 

. 0. 45 PSSHO 

(2-58) 

• p = 
PSSHO - pout 

ratio PSSHO 
( 2- 59) 

Io. 75, p 1· <; 0.47 ra 10 

• zscv = 

l-0. 532 p ratio' P ratio > 0.47 

(2-60) 

• vscv = f (HSSHO' PSSHO) 
(2-61) 
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where 

ZSCV = SCV expansion factor 

and 

V SCV = Outlet steam specific density 

The outlet steam flow, W SGO' from the steam control valve is then deter

mined by the relationship: 

where 

C -- SCV valve characteristic parameter scv 

XSCV = SCV valve port opening area 

Xscv = SCV valve stem position (constant-percentage valve) 

Water Valves 

The fcedwater, blowdown, and attemperator valves are represented as 

follows: 

• Attemperator: 

W ATTSP = CVATXAVA (PFW - PATTSO)l/
2 

• Blowdown: 

( 2-G2) 

(2-G3) 

(2-G4) 
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• Feedwater: 

(2-65) 

In these water valve expressions, a specific density factor should actually be 

enclosed under the square root parentheses. However, a relatively constant 

value of feedwater density in the normal operating regions of the system has 

been assumed and the density effects lumped together with the valve charac-

teristic parameter (CV). 

Valve Actuators 

The generalized actuator model block diagram is shown in Figure 2-5 • 

(COMMAND) 
X 

COM 

X 

. 
LIMIT: +XL 

1 
.,. 

SMALL SIGNAL 
TIME CONSTANT 

LIMIT: -XL 

IC LIMIT: +XH 

LIMIT: +XL 

Figure 2-5. Generalized Actuator Model 
Block Diagram 
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The variables used in the computerized model for the four SGS actuators 

are listed in Table 2-3. 

Table 2-3. Actuator Variables 

' 

J~~:~l i Feedwater' Attemperat°or 

Actuator 
Parameter 

Blowdowni 
___ ,, -··. ··-··:.-::-:.-:::=·::.-:-:·· :.----:::·- --·-_: ·•-:_-:--······:·-·-··· --·-· - ·-· --•----

Position command (X ) i 
com : x.cvc XFWAC XAVAC 

Position (X) I xscv XFWA XAVA 

Time constant ( 1 / T) CSCVA CFWA CAVA 

(XL) 
. 

Rate limit xsc XFW XAV 

:Error signal (EX) ESVA EFWA EATVA 

iHigh position limit (XH) 
! XSCVH XFWAH XAVAH 
i 

)Low position limit (XL) I XSCVL XFWAL XAVAL ' I 
t,·-·~-~---- ... , .. ····---· --- ·- ----- -- ----~- . - - .. ·-- . 
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Cavity Surface Temperatures 

The collector model requires calculation of six cavity temperatures, as 

shown below, corresponding to the six nodes representing the cavity: 

Node Cavity Region Temperature 

1 Cavity ceiling TCAVl 

2 SSH metal TCAV2 

3 PSH metal TCAV3 

4 Boiler metal TCAV4 

5 Aperture opening TCAV5 

6 Cavity floor TCAV6 

Temperatures of three of the nodes (Nos. 2, 3, and 4 above) are computed 

as part of the SGS model previously described, i.e., 

T CAV 2 = T SSHM (SSH metal temperature) 

T CAV3 = T PSHM (PSH metal temperature) 

TCAV4 = TD (Boiler/drum saturation temperature} 

Temperature of the aperture opening (T CAVS}, is equivalent to the ambient 

temperature. The program uses a constant value of 37. 8 deg-C (100 deg F). 

Temperatures of the cavity top and bottom (TCAVl' TCAVG} are determined 

in the following manner. For both the top and bottom, a uniform-density, 

cylindrical volume of material is assumed. i An energy equation using 

temperature rate of change is then written for each of the two nodes in order 

to determine temperature as a function of time. The general equation for 

temperature rate is 
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• 
3600 MCAV Cp TCAV = QAB 

where 

MCAV = cavity nodal mass 

Cp = cavity nodal specific heat . 
T CA V = cavity nodal temperature rate of change 

Q AB = absorbed power into node 

For the cavity top (node 1 ). a 2. 54 cm ( 1-inch) thick steel plate of cavity 

top radius R 1 was assumed. Therefore. 

where 

MCAVl = top of cavity mass 

~ 1 = density of steel = 7865. 8 Kg/m3 (491 lb/ft3) 

R1 = cavity top radius 

t1 = thickness of material = 2. 54 cm (1-inch) 

A specific heat value of 0. 502 ~~-oc (0. 12 ~t~ 0 F) is used in the program. 

For the cavity bottom (node 6). a solid concrete cylinder 5-ft thick was 

assumed. In this case 
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l: 6 = concrete density= 2306. 9 Kg/m2 

R6 = bottom of cavity radius 

t 6 = thickness of material = 1. 524 m (5 ft) 

MCAV6 = bottom of cavity mass 

2 
= C 6 (TT R 6) t6 

.f. h 1 f Kj ( 0 Btu ) . A spec1 lC eat va ue O o. 653 Kg-oc • 156 lb-OF lS assumed. 

EGS (ELECTRICAL GENERATION SUBSYSTEM) MODEL DESCRIPTION 

The EGS portion of the SPP Dynamic Simulation is comprised of: 

• Turbine 

• Generator 

• EGS Auxiliaries 

Condenser/ Condensate Receiver 

Condensate pump 

LP heater 

Deaerator /Deaerator storage 

Boiler feed pump 

HP heater 

The interrelationship between these EGS elements and the other SPP 

subsystems is illustrated in Figure 2- 1. 

For the SPP Dynamic Simulation, the model elements of the EGS are shown 

in Figure 2-6. As shown, the model includes piping dynamics between those 

EGS elements where significant piping distances are involved. 
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The following description of the EGS model for the dynamic simulation is 

organized into two major discussion areas: 

• Turbine/Generator Dynamics 

• Fluid flow dynamics ( to and from the turbine/ generator) 

Turbine/ Generator Dynamics 

Figure 2- 7 shows a cutaway drawing of the type of turbine to be utilized on 

the SPP. This dual-admission turbine is equipped with stop valves at both 

the HP (i.e •• steam inlet port) and the LP (i.e •• TSS steam admission) 

ports. 

The turbine is an impulse-type turbine. Inlet control valves will probably 

be poppet type to minimize throttling effects and effect higher overall 

efficiency. Multiple valves at the upper and lower shaft positions will 

probably utilize opening overlap to minimize dead spots •. Extraction valves 

are expected to be spool type. capable of handling large steam volumes. 

A steam by-pass valve is shown in Figure 2-7. This valve is opened when

ever the turbine is to be operated from TSS admission steam only. This 

valve permits cooling steam to be "pumped" backwards through the HP 

section, thereby preventing excessive front-end temperature buildup. 

The primary turbine/ generator model is based upon composite information 

contained in References 1, 2, and 3. A p. u. (per unit) system of measure

ment units is utilized, avoiding cumbersome conversion factors and per

mitting development of the model with limited technical data. 
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Turbine Governing System -- The turbine speed-governing system is expected 

to be an electro-hydraulic control (EHC) type, and is appropriately modeled 

in the simulation.. A block diagram of this system is shown in Figure 2-8 

for both the HP (i. e., SGS inlet steam) and LP (TSS admission steam) 

sections. 

Both of the speed-governing systems modeled in the simulation are basically 

identical. The models represent the best available information of the type 

of speed-governing controls to be implemented on the SPP turbine. As more 

information is acquired, it is anticipated that the model could be revised in 

several respects: 

• Integrate the LP and HP governing sections into a single control 

unit for control of the LP and HP valves in a coordinated 

fashion. It is expected that the actual control unit is, in fact, 

a single electronics unit functionally integrated. 

• Provide for overspeed and startup/synchronization. 

• Provide for limiting maximum startup rotor acceleration. 

As shown in Figure 2-8, the rotor speed error signal is amplified by a 

governor speed gain. Typically, the value of this gain is 20 (=100/(% 

steady-state speed regulation)), since speed regulation values of 5 percent 

are common. 

The resulting speed error signal, altered by the mass flow feedback gain 

(KPHP), is then differenced with the mass flow-feedback signal. This steam 

flow (or first-stage pressure) provides improved linearity over mechanical

hydraulic systems, which do not employ this term. As information on the 

exact representation of the SPP turbine-governing system is not available 

at this time, however., the SPP dynamic simulation employs a unity gain 
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factor value for the gain KPHP" Therefore, this results in an effective 

zero mass flow feedback signal. 

Prior to entering the servo motor loop, the turbine governor command 

signal (TGCOM) is summed with the speed and mass flow error signals. 

This turbine governor signal represents the composite pressure and load 

reference signal as described later in the Master Controller description. 

The servo motor loop consists of a time constant factor (T SMHP) and an 

integration term to produce the desired valve opening command position. 

The servo motor moves the throttle valves, which are normally quite 

large. Rate limits are imposed to reflect the limits at which the valves 

can be opened or closed whenever large, rapid speed variations occur. 

Position limits are also indicated to reflect closed and wide-open valve 

positions. 

Normally, the valve position is a nonlinear function of servo motor position. 
) 

However, nonlinear feedback compensation is normally employed to cancel 

this nonlinear effect. The dynamic simulation is modeled without repre

senting either of these cancelling nonlinear effects, and should provide a 

good net representation of the actual unit. 

Governor deadband is not utilized in the model. Reference 3 indicates 

that deadband need not be included for power system studies where per

formance of the speed-governing system is not the primary concern. 

Typical values of the terms (for both LP and HP sections) identified in 

Figure 2-8 were taken from Reference 3 as listed below. 
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Parameter Parameter Description P. U. Value 

WREF Reference Speed 1. 0 
(120rr rad/ sec} 

KGOVH· KGOVL Governor gain. speed 20. 0 
error ( 5% regulation} 

KPHP• KPLP Mass flow feedback 1. 0 
gain 

TSMHP• TSMLP Servo motor time O. 1 sec 
constant 

CVHPCL• CVLPOP Valve opening rate o. 1 pu/ sec 
limit 

CVHPCL• CVLPCL Valve closing rate -0. 1 pu/sec 
limit 

CVHPOP• CVLPOP Valve full open 1. 0 
position limit 

CVHPCL• CVLPCL Valve closed position o. 0 
limit 

Turbine Mechanical Torque Generation -- Figure 2-9 represents the block 

diagram employed in the simulation to generate mechanical torque. Both 

inlet (HP) and admission (LP) steam flows may be admitted independently 

or in combination to produce the necessary mechanical torque for power 

generation. 

Consider first the HP inlet steam section. As shown in the figure. throttle 

inlet pressure (PHPNCi) is modulated by the throttle valve opening (CVHP} 

to produce steam mass flow (W'HPTi} into the HP nozzle steam chest. The 

steam chest and inlet piping introduce time delays between valve movement 

and steam flow changes. Consequently. a HP nozzle chest time constant 

term (T HPNC) is incorporated to account for this delay. The nozzle chest 

exit steam flow (WHPTi) then represents torque producing mass flow through 

the various turbine stages. 
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Reference 3 provides typical values of T HPNC as O. 2 to O. 5 sec for a non

reheat turbine. In view of the relatively small size of the SPP turbine, a 

value of O. 2 sec was arbitrarily selected. 

Mechanical torque from the HP inlet steam is a relatively complex formu

lation if all stage-to-stage efficiencies, extraction flows, and frictional loss 

terms are to be included. For the dynamic simulation model, the torque is 

assumec;l to be related to mass flow (WHPTi) and enthalpy difference across 

the turbine (.6.HHP) by the relationship 

T MHP = WHPTi .6.HHP 

= WHPTi (HHPTi - HTExo> 

where 

HHPTi = inlet enthalpy 

HTEXO = exhaust enthalpy 

As discussed later, a mechanical torque generation efficiency expression, 

computed from empirical data, will correct the above expression for in

accuracies due to extraction flows., etc. 

The mass flow term (WHPTi) has already been described as the mass 

flow exiting the steam chest. Inlet enthalpy represents the enthalpy at the 

nozzle chest exit (same as at the inlet., assuming an adiabatic process 

within the nozzle chest). Computation of this enthalpy term will be dis

cussed later. 

Turbine exhaust enthalpy was derived from empirical data generated for 

the preliminary design steady-state heat balances. Table 2-4 lists the 12 

heat balance cases (4 each for steam from SGS., from TSS, and from SGS/ 

TSS). Exhaust enthalpy is tabulated against several other variables for 
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Table 2-4. 

I w. 
in 

(Inlet Steam 
Flow) 

Steam Case Kg/hr 
Source No, (lb/hr) P, U, 

SGS S-1 60, 999 1. 0 

(134,479) 

S-2 49,592 0, 813 

( 109, 332) 

S-3 24, 796 o. 406 

(54, G65) 

S-4 12,398 o. 203 

(27,333) 

TSS T-1 58, 430 o. 958 

(128,817) 

T-2 49, 024 o. 804 

(108,080) 

T-3 24,512 o. 402 

(54, 040) 

T-4 12, 256 o. 201 

(27,020) 

SGS/ ST•! 23,587/ o. 387 / 
TSS 23, 58 7 o. 387 

(52,000/ (0. 773) 
52, 000) 

ST-2 12, 973 / o. 213/ 
12, 973 o. 213 

(28,G00/ (0, 425) 
28,600) 

ST-3 33, 203/ o. 544/ 
11, 068 o. 181 

(73, 200/ (0. 726) 
24,400) 

ST-4 8, 074/ o. 207 / 
37,830 o. 620 

(27,800/ (0. 827) 
83,400) 

•·GCHR = Gross Cycle Heat Hate 
oWTHR = Turbine (only) Heat Rate 
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EGS Cycle Heat Rate and Energy Data for 
SPP Dynamic Simulation 

PEI.EC CCllH • Tllll • • 1/Tllll TllPFI\' IJTEXO \\'. 
111 

(Turhint• 

KWt KW! !IP FW Exhaust lleat 

(Gro.::;s Generator KWe KWe Tempera Enthaln\' Flo,d 
ture 111.1 i.,J Output) 

(Kl~~~hr) (K(t~'~r) 
\deg-<') Kg hr 

KWe P. U, P. t·. (cleg-F) (Btu/lb) ( lltu 1hr) 

14, (i33 I. 0 2. 8 G24 I. 233 \ I. 0 215. 0 2,33139 G-1. :)!J 

(!), 775) (-l, 211) (41\l, 0) (1002.DD) < ril. 2n 
( l Qi;)) 

12,000 o. 820 2. i.l!J43 I. 2208 l. 010 20:l. !1 2. 332D5 :12. 75 

(D, 884) (-1, l GD) ( 3(1\). 1) (1003. GG) (50. 0:l 
( 10fi)) 

5, -!46 0. 372 3. 3 ,mo I, 2240 I. 007 171. !l 2, 42774 24, 02 

(11, 4!15) (4, 183) (3-11.4) (1044, 44) (22. 711 
(!Ofi)) 

2, 171 o. 148 4. 4202 I. 2902 0,95G 142, 7 2. 58 294 IO. 09 

(15,005) (4, 40G) (2C8, 8) (1111. 21) (D. ,,7 
( 106)) 

10,616 0. 725 3. 4788 I. 3253 o. !)30 215. 3 2, 3308G 50. (i(i 

( l 1, 8!10) (-1, 52fi) (418. ,,) ( 1002, 7G) (4B, 0o 
I t0li)) 

9,000 o. 615 3. 5095 I. 3 I 68 O. \J3G 205. G 2. 32739 42. fi7 

( 11, 985) (4,497) (402. 0) (!001, 27) (40. 47 
(JOii)) 

3,055 o. 270 4, 2513 I. 3857 o. 890 171. 7 2. 39282 l :l. 7-t 

( 14, 518) (4, 372) (341.0) ( 102D, 42) ( 18, 72 
(!0fi)) 

1,398 o. 096 fi. H20 I. GS 6 7 o. 731 140. 3 2,50516 a. 4!1 

( 21,658) (5, 760) (284. G) ( 1077, 75) (8. 05 
(!0fi)) 

10,019 o. 685 3. 1707 1, 2413 o. 983 203. 4 2. 34799 44. 7!! 

(10,828) ( 4, 239) ( 3!18, 1) ( 1010, 13) (42.47 
( 106)) 

5,021 o. 343 3. 658 6 1, 2556 o. 982 175, 0 2, 42214 27. 70 

(12,494) (4, 28H) (347. 0) ( 1042, 03) (21. 53 
(I 06)) 

10,010 o. 684 3. 0615 I. 2272 1. 005 189. 3 2. 34778 44. 23 

( I 0, 455) (4, 191) ( 390. II) ( 1010. 04) (41, 95 
( 10")) 

10,020 o. 685 3. 2952 I. 2594 o. 979 20G. P 2. 34650 45. 44 

(11,253) (4, 301) (404. 4) (l00D.49) (43, 10 
( l oG)) 
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these 12 cases, including inlet steam flow. Figure 2-10 illustrates these 

exhaust enthalpies (HTEXO) plotted against inlet steam flow. A best-fit 

expression using the SGS and SGS/TSS steam cases ( Cases S-1 through S-4, 

ST-1 through ST-4) produced the desired expression for exhaust enthalpy 

as 

HTEXO = O. 97 + O. 028 /WlN (pu values) 

\vhere 

WIN represents total (HP + LP) flow into the turbineo 

:::::> 
P,U. BASIS 0.: 

>- HEx= 1002. 99 BTU/LB 
c.. 

1. 1 WIN= 134, 479LB/HR _J 

<C 
:::c 
I- BEST FIT CURVE: z 
Lu 

HTExo=0. 97-1(), 028/W IN I- STEAM FROM: Vl 
:::::> L 05 o SGS <C 
:::c ATSS X 
Lu 

cSGS/TSS 
~ ..... 
co 

1.0 a:: 
i:2 

Q 
X 
I:!= 

:l: 0.95 
0.2 0.4 0.6 0.8 1.0 

WIN- STEAM MASS INLET FLOW (P.U. ) 

Figure 2-10. Steady-State Turbine Exhaust Enthalpy vs. 
Total Steam Mass Flow 

Since the primary differences between the best fit curve and the TSS inlet 

flow cases (cases T-1 through T-4) occur at low flow conditions, it was 

concluded that the single expression above for exhaust enthalpy was suf

ficiently accurable for all combinations of steam inlet flow. 

40703-U-3 



2-48 

Once the HP mechanical torque term (T MHP) is computed as described 

above, a correction for various efficiency factors within the turbine must 

be applied. Table 2-4 lists the net generator output (PELEC) versus inlet 

heat flow (W. 6. H) for the 12 heat balance cases. Figure 2-11 is a subse-
1n 

quent plot of these various data points. A best-fit relationship between 

these points was found to be 

= -0. 005 + 1. 01 (W. 6. H) (p. u. values) 
1n 

In this case, PELEC represents net generator output after generator 

losses. 

Since in steady-state pu terms PELEC = T MECH the above expression is 

therefore satisfactory to provide an efficiency correction (ETORQUE) 

for generated torques as 

T MECH = -0. 005 + 1. 01 T MHP (p. u. values) 

when only HP steam flow is involved. 

Note that the factor of 1. 01 in the above expressions does not imply an 

efficiency factor larger than 1. 0 (or 100%) since the expression is in p. u. 

terms. Using the p. u. basis factors of 18. 06 M,~.rt (61. 62 (106) Btu/hr) 

(for Win 6. H = 1. 0) and 14, 633 Kwe (for PELEC = 1. 0), the actual efficiency 

of the turbine-generator unit is about 81% at maximum flow (61,000 Kg/hr, 

or 134,479 lb/hr) through the HP inlet port. 

Mechanical torque (T MLP) generated by LP admission steam is computed in 

a manner analogous to the HP torque term described above (Figure 2-9). In 

this case, an efficiency correction is applied to the LP torque term (T MLP) 

prior to summation with the term T MHP" This efficiency factor is based 

on the plot of PELEC vs. Win 6.H for TSS admission steam shown in Figure 

2-11 (data as taken from Table 2-4). In this case, the best fit curve is 
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Figure 2-11. Generator Gross Electrical Output Versus Net 
Turbine Heat Flow 
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Figure 2-12 illustrates the method of net torque generation utilized in the 

SPP Dynamic simulation. This method follows the modeling techniques just 

described. A method is employed to adjust the efficiency of LP steam 

torque generation. Whenever the HP main stop valve is closed, the LP 

mechanical torque generation relative efficiency is adjusted by the expression 

-0.0283 + 0.9718TMLP 

-0.005 + 1.01 TMLP 

When the main stop valve is opened, the relative efficiency is increased to 

a value of unity. A 5-second lag is employed for this switchover to minimize 

switchover transients . 

.Goad Torque -- The computation of a time-varying load torque is complicated 

by several factors at this time. First, the electrical grid network charac

teristics are not defined. Second, very little detail exists relative to the 

turbine generator characteristics such as reactances, voltage regulation 

characteristics, etc. Third the relatively small amount of power which 

the SPP can ultimately generate would likely cause the SPP turbine 

generator to operate as a motor if attempting to lose synchronization. In 

view of this dilemma, a rather simplified approach using basic synchronous 

motor equations was taken. This approach is explained as follows. 

The electrical back torque required to generate electrical power is 

established by the basic load power equation 

PL = PSYNCH fi L 

where 

PL = load power, or synchronizing power 

P SYNCH = power synchronizing coefficient 
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PELEC = -0. 0283 + O. 9718 (Win l:>. H) (p. u.) 

(Note that at maximum admission flow of 58, 431 Kg/hr (128,817 lb/hr) 

(O. 958 p. u. ), admission steam can only generate 10, 616 kW net electrical 

power (O. 725 pu) compared to about 14, 139 kWe (33% more) for the same 

mass flow at the HP inlet port. On an input energy basis full admission 

inlet steam flow corresponds to 14. 08 MWt (48. 05 ( 106) Btu/hr), generating 

10,616 kWe electrical power. The same energy flow into the HP inlet port 

would generate 11, 525 kWe, or 8. 50% more. ) 

Based upon the PELEC versus Win l:>. H empirical curves (Figure 2-11), the 

relative efficiency between the two inlet flow conditions is therefore com

puted to be 

-0. 0283 + O. 9718T' MLP 
e:LP = 

-0. 005 + 1. 01T' MLP 

When multiplied by the mechanical torque term T 1 MLP' the total LP ad

mission steam torque is computed as 

T MLP = T'MLP e: LP 

The total mechanical torque is then 

T MECH = T MECH 6 TORQUE 

= (T MLP + T MHP) e: TORQUE 

where e: TORQUE is the total torque efficiency factor previously defined. 
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6L = displacement angle of rotor relative to terminal voltage 
under load referred to the no-load position (i.e •• zero 
displacement angle at no load). 

The parameter 6 L is related to the electrical characteristics as shown 
in the illustration below. 

= POWER FACTOR ANGLE 
= DISPLACEMENT ANGLE 
= ARMATURE CURRENT 
= SYNCHRONOUSREACTANCE 

(= X = X) 
d s 

= EXCITATION VOLTAGE 
= TERMINAL VOLTAGE 

The synchronizing power term (PL) is therefore the power at synchronous 
speed corresponding to the torque developed in the generator air gap 
between the armature and field. This torque tends to restore the rotor to 

the no-load position relative to line voltage. 

The synchronizing coefficient, P SYNCH• is determined by dividing the 
rated shaft power by the corresponding angular displacement of the rotor. 

In p. u. measurement units,, a close approximation for the synchronizing 
coefficient is 

PSYNCH = 

tan -1 ( 

1 

X cos 9 q 

X sine q 

-1 rad 
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where 

e = angle between voltage and current at generator terminals 

(negative = lagging) 

X = p. u. quadrature - axis synchronous reactance of generator 
q 

For the SPP turbine generator, the following ratings were assumed in 

selecting typical generator characteristics: 

3-Phase 

Voltage: 

Power: 

VA: 

PF: 

13. 8 Kv 

15,000 Kwe · 

17,600KVA 

o. 85 

Per Phase 

7967 v (to neutral, Y-con.) 

5867 KVA/phase 

For those parameters, Reference 4 gives typical values as 

Short Circuit Ratio: o. 8 

Xq = synchronous reactance: 1. 1 (p. u. ) 

The displacement angle ( 5 L) under load can be determined by the relation

ship 

5 L = tan-l 
Cos eL 

1 
rad 
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where 

9L = voltage-to-current angle under load 

PL = load power (p. u. ) 

The value of 5 L at rated load can be determined from the above expression 

by setting PL = 1. o. Then for Xq = 1. 1 and a o. 85 power factor ( 9 L = 
-31. 79 deg). 

( 5 ) - O. 592 rad L Full Load -
= 33. 92 deg 

The inverse of this expression is then equivalent to the synchronizing 

coefficient. or 

PSYNCH = l/( 5 L) 
Full load 

= 1. 689 rad-l 

= O. 0295 deg-l 

Electrical load torque is found from the expression 

where 

wR = rotor speed 

Rotor Speed -- Turbine rotor speed and associated parameters are deter

mined from a set of swing equations as 
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w = 

= w 

where 

w = difference between actual, synchronous frequencies 

mR = generator frequency 

w S = generator synchronous frequency 

= 120TT rad/ sec ( 1. 0 p. u.) 

e = rotor angle 
L 

IROT = generator inertia 

D = damping factor 

T MECH = mechanical torque 

T ELEC = electrical torque 

For the SPP turbine-generator, a value of IROT = 6 sec was selected based 

upon Reference 2. A value of D = O. 2 was selected to give reasonably fast 

response with some damping. 
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Turbine Flow Dynamics (To/From Turbine/Generator) 

Steam Flow to Turbine from Receiver -- To account fo~ steam mass storage 

in the piping from the receiver outlet to the turbine inlet, and the friction 

pressure drop in the piping, the following equations (in Laplace variables) 

are written in a manner similar to Profos (Reference 2) 

W'HPTi = CVHP PHPNCi (HP inlet steam nozzle chest flow) 

WTURi = WP+ W'HPTi (Steam flow to turbine from SGS) 

WP = CHPP S PHPNCi (Pipe storage effect) 

PHPNCE = p SSHO - KHPPD (HP nozzle chest pressure} 

2 
W TURi 

where CVHP is the HP governor valve opening area. 

These equations describe an RC analog circuit as shown below, where 

CHPP is an energy storage reservoir and Gp represents a nonlinear con

ductance term. 

WTURi 
I 

Gp WHPTi • _...., 

f 
y/4 

l lrp 
SGS 

OUTLET PSSHo CHPP ..... f' NOZZLE 
PRESSURE PHPNCi CHEST 

INLET 
PRESSURE 
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The value of energy storage term., CHPP' is determined as follows. From 

the previous set of equations, the term CHPP is 

WP 

CHPP = 

S PHPNCi 

WP 
= 

PHPNCi 

The mass continuity equation for the piping is 

WTURi - W'HPTi 

pp = 
3600 VT 

where 

. 
Pp 

= 
3600 VT 

= Total pipe volume (ft
3

) 

= Pipe storage flow (lb/hr) 

3 
= Average pipe fluid density rate of change (~l:) /ft_) sec 

We also know., using Callendar's relationship (Ref. 1), that 
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where Pp• Pp• Hp are average pipe pressure (PSIA). density (lb/ft3). 

and enthalpy (Btu/lb). Assuming enthalpy is essentially constant during a 

period of pressure change. we .can then write that 

. 
Pp = pp (K1 Hp - K2) 

The expression for CHPP can then be written as 

. 
PHPNCi 

= 

= 

For the receiver to turbine. the following characteristics apply 

d = 17. 78 cm ( 7. 001 inches) 

L = 221m (725 ft) 

(inside pipe diameter) 

(pipe length) 

H = 30 4 (106 joules 

Kg 

( 1462. 5 Btu/lb) 

(average pipe design enthalpy) 

Thus. the value of the storage term. CHPP• is 

C = 58846 Kg/ hr 
HPP MPa/sec ( 

894. 5 1_b/hr ) 
ps1a/sec 

= 9. 74 (for p. u. flow. pressure) 
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The value of the pipe drop friction term. KHPPD• is determined from EGS 

design data. At receiver design flow conditions (49. 593 Kg/hr or 109. 332 

lbs /hr). the nominal pressure drop from the SGS outlet to the HP inlet port 

is 51 7 kPa ( 75 psia). Therefore. we can write that 

2 
= p SSHO - KHPPD W HPTi 

where 

P SSHO = SGS SSH outlet steam design point pres sure ( 1 0. 6 2 MP a = 

1540 psia) 

WHPTi = HP turbine inlet design point flow condition (49. 593 Kg/hr = 
109. 332 lbs /hr) 

PHPNCi = HP turbine inlet design point pressure (10. 1 MPa = 1465 psia) 

Solving for KHPPD• we obtain 

PSSHO - PHPNCi 
= --~2------·--·· 

W TURi 

psia 
= 6. 2743 (10- 9 ) 

(lb/hr)2 

= o. 05119 p. u. 

Enthalpy changes from the receiver outlet to the turbine will also be charac

terized by a time delay effect and a decrease in value corresponding to a 

temperature drop. The delay effect may be represented by a first-order 

time delay 
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where 

LP = pipe length 

VF = flow velocity 
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The velocity term may be computed from 

where 

W F = Fluid velocity (lb /hr) 

AP = pipe flow area (0. 02483 cm2 
= 0. 02673 ft 2) 

PF = average density of fluid (30. 355 Kg/m3 
= 1. 8936 lb/ft3) 

The enthalpy change will correspond to the expected 10 degree F temperature 
decrease. The corresponding enthalpy change is approximately -13952. 4 
J/Kg (-6 Btu/lb). 

Steam Flow to Storage from Receiver -- A set of equations analogous to 
those for the receiver to turbine may be written for the receiver to TSS 
dynamic effects. In this case., the corresponding terms are 

(HP energy storage term) 

(Pipe friction term) 

Values for these terms may be determined in a similar manner as pre
viously. Using the following pipe data. the values for these two terms above 
are 
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LP = 219. 5m ( 720 ft) (pipe length) 

dp = 17. 78 cm (7. 001 inches) (pipe ID) 

CHPS = 9. 74 

-9 psia. 
KHPPDS = 6. 2743 { 10 ) {lb/hr)2 

= o. 05119 p. u. 

Steam Flow from Storage to Turbine -- In a similar manner, the values for 

CLPP (pipe energy storage) and KLPPD (pipe friction drop coefficient) are 

3600 VT 

CLPP = 
K

1 
H-K2 

{3600) (118. 9) 
= 

673. 61 

= 635. 4 
lb/hr 

psia/ sec 

= 6. 92 (pu) 

K = 525-475 
LPPD 

(108, 080) 2 

psia 
= 4. 28035 (10-

9
) 
{lb/hr) 

== O. 10526 Po Uo 

40703-II-3 



2-63 

where the following pipe data is assumed 

LP = 114. 3m (375 ft) (pipe length) 

dp = 19. 37 cm ( 7. 625 inches) (pipe ID) 

Exhaust Flow Dynamics from Turbine Exhaust to SGS and/ or TSSL -"1
- Exhaust 

steam from the turbine is first condensed to feedwater then pumped (by con
densate pump initially,. then boner feed pump} through a series of heat 

exchanger back to the SGS and/or TSS. The sequence is shown in the over

all SPP model schematic (Figure 2-1). The following discussion provides 
the basis for the dynamics of the returning feedwater flow. 

All of the return flow devices shown in Figure 2-1 (i.e ... low and high 

pressure feedwater heaters, dearator., and condenser) are heat exchangers 
for varying purposes. 

Most heat exchangers are distributed parameter systems, and often highly 
nonlinear. As a result, the complete transfer function describing its 
input/ output thermodynamic relationship can be rather complex. Thermo
dynamic performance for heat exchangers may be detailed quite rigorously 

(References 5., 6). Reference 7 provides a relatively simple method to 

employ "time-lumping" techniques to model heat exchangers. 

Steady- state performance of heat exchangers can be predicted quite ac

curately, with the results most commonly available in cycle heat balance 
diagrams. The transient dynamics are much more complex,. however. 

Generally,. the differential equations describing transient performance have 
exponential and sinusoidal solution forms. As a result, the transfer function 
solutions are pseudo-periodic and periodic functions. Consequently,. the 
frequency- response method of analysis is most commonly employed to 
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exan-,ine heat exchanger dynaIT'ics. Frequency resp:mse data for widely 

varying types ,1f heat exchanger systerrs show that heat energy is trans

ferred at rates which prirr-arily vary exponentially, with tirr-e constants 

deterrr-ined by the design physical and fluid properties. 

T!:'le rrost coyr,rr-on approach for power plant sirr>ulations to heat exchanger 

IY'odel representation are luP1ped, first-order approxirr-ations to the actual 

corrplex dynarriics (References 1 and 2). These low-order rr-odels are 

less costly to develop and exercise for inforlT'ation, and are regarded as 

adequate to provide reasonable simulation accuracy. 

Extensive property changes, such as pressure and velocity changes will 

be transrn itted nearly instantaneously for virtually incorrpressible fluids 

(e.g. feedwater). Therefore, no significant transient dynarr>ics are 

necessary in the SPP rrodel for these paraw eters. 

Intensive property changes, such as enthalpy and tewperature variations, 

will be transmitted with a finite deadband tiwe plus sorre "tirrie-lag", 

exponential decay type of dynarrics. Heaters, on one hand, can be ex

pected to have little deadband tirrie and relatively srriall exponential tirre 

constants. On the other hand, bulk-r,,ixing equipment, such as deaerators 

and condensors, may be expected to exhibit relatively long tiwe constants 

and delay tirries. 

The approach taken in the SPP Dynamic Sirriulation is to erriploy both a 

tirrie delay term (TD sec) and a first order tir,,e-constant terw ( T sec) 

to rrodel the heat exchanger dynamics. 

Basic data for the LP and HP heaters is shown in Table 2-5. The pri

rriary variable of interest for the simulation is the tube side residence 

time. This parameter is deterrrined by dividing the total tube length by 

the fluid velocity, and adding an incremental arnount of extra time to 

account for headers and/ or plenurns associated with the heater. 
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Table 2-5. Hp and LP Heater M~del Data for SPP Dynarriic Simulation 

Parameter 

Type 

Tube diameter 

Tube length 

No. tubes 

Tube side flow area 

Total heat transfer 
surface 

Tube side residence 
time< 1) 

Tube side mass 
flow< 1) 

Average tube fluid 
density( 1) 

LP Heater 

4 pass 

1. 59 cm (0. 625 
in) 0. D. 
(22B.W.G.) 

5. 94 m / tube 
(19. 5 ft/tube) 

128 

O. 00525m 2 

( 0. 0565 ft2) 

27, 8m 2 

(407 ft2) 

12 sec 

40,936 kg/hr 
(90, 246 lb/hr) 

996. 3 kg/m 3 
(62. 19 lb/ft3) 

HP Heater 

2 pass 

1. 59 cm ( O. 625 
in) 0. D. 
(16B.W.G.) 

5. 67 m /tube 
(18. 6 ft/tube) 

116 

O. 0072m
2 

( 0. 0775 ft2) 

32. 7m 2 

( 352 ft2) 

7. 0 sec 

41, 593 kg/hr 
(109. 332 lb/hr) 

884. 94 kg/m 3 

(55. 24 lb/ft3) 

(l)at 49,593 kg/hr (109,332 lb/hr) receiver steam flow 

The first-order time constant for the SPP simulation to be associated with 
each of the two heaters is equal to this residence time. Since this is a 

function of velocity, or mass flow (approximately, assuming near con

stant density), the expression utilized in the plant model for the time 
I 

constant is 
t , 

T LPH = T LPH/WFLO (seconds) 
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where 

T LPH = LP heater first-order time constant 

WFLO = pu flow. normalized to the conditions for T LPH 

determination 

T LPH = tube side residence time 

An analogous expression for the HP heater is 

These time constants are then utilized as first order lag functions of the 

Laplace form 

= 
H. T s+1 

1 

where H .• H are input and output enthalpies respectively. 
1 0 

A suggested value (Reference 5) for delay time effect is T LPH/ 4 (or 

T HPH/ 4) seconds. 

The deaerator and condensor represent bulk storage and mixing elements. 

Their characteristics are described in Table 2- 6. 

For the deaerator model. the SPP simulation uses a time-constant value of 

r DEA = T DEA/WFLO (seconds) 
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Table 2-6. Deaerator and Condenser Model Data for SPP 
Dynamic Simulation 

Tube diameter 

Tube length 

No. tubes 

Total tube side flow area 

Total heat transfer surface 

Shell side mass fl.ow( 1) 

Hot well residence time( 1) 

Tube side fluid velocity 

Tube material 

Type 

Average fluid density( 1) 

Storage capacity 

Storage residence time( 1) 

Condenser 

Deaerator 

2.18 cm (0.86 in) O.D. 
( 22 B. W. G. ) 

7. 77 m (25. 5 ft) 

2170 (2 pass) 

O. 369m2 (3. 97 ft2) 

1170. 6m
2 

(12,600 ft
2

) 

37. 422 kg/hr (82,500 lb/hr) 

5 min 

2. 13 m / sec ( 7 ft/sec) 

304SS 

Direct contact 

939. 6 kg/m3 (58. 65 lb/ft
3

) 

8164. 8 kg (18,000 lb) 

10 min 

(l)at receiver design point of 49,593 kg/hr (109,332 lb/hr) 
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where 

T DEA = time constant value 

T DEA = time constant at design flow condition 

W FLO = per flow. normalized to the design point flow condition 

A time delay value of 1 minute is also incorporated on enthalpy changes. 

A similar expression for the condenser time constant value is 

T CON = T CON/W FLO (seconds) 

However, no dynamics were imposed in the simulation for the condenser 

since the incoming (exhaust steam) flow is essentially at constant enthalpy. 

The steady state value of feedwater temperature at the HP heater outlet 

to inlet steam mass flow is shown in Figure 2-13. This figure is plotted 

from data shown in Table 2-4, for the cycle heat balance cases. A 

steady- state curve fit to this data is 

0.2399 

THPFW = 422. 53Win (deg-F) 

where 

T HPFW -= HP heater feedwater outlet temperature (°F) 

W. = total inlet steam flow (pu) 
1n 

In addition to time delay dynamics described above for the heat exchangers, 

the effects of enthalpy change transit delay times in the piping must be 

considered. The effects of f eedwater enthalpy changes transported from 

the HP heater outlet to the SGS are especially significant in view of the 

relatively long travel distance ( 198. lm = 650 ft). 
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Figure 2-13. Steady State Feedwater Temperature (At HP 
Heater Exit) Flow 
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Ideally, this pipe time delay effect more of a pure time delay phenomonon. 

However, since the delay time varies with flow velocity, it was found to be 

more convenient to express this time delay as a first-order lag with time 

constant equal to the transit time. 

Data relative to the piping from the HP heater outlet to the SGS inlet has 

been determined to be as follows: 

Pipeline Transport Delay Data - HP Heater to SGS 

Length of pipe 

Pipe diameter 

Flow area 

Fluid density(!) 

Fluid velocit/ 1) 

Transit time(l) 

Pressure drop ( 1) 

198. lm ( 650 ft) 

9. 205 cm ( 3. 624 inches) I. D. 

0. 00665m2 (0. 0716 ft2) 

860. 27 kg/m 3 (53. 7 lb/ft 3) 

2. 41 m/sec (7. 9 ft/sec) 

82. 3 sec 

1. 9 kPa/l00m (8. 4 psia/100 ft) 

Figure 2-14 shows the composite dynamics from turbine exhaust flow to 

the SGS or TSS feedwater inlet valves. This represents the model em

ployed in the SPP dynamic simulation. 

THERMAL STORAGE SUBSYSTEM (TSS) MODEL DESCRIPTION 

Two different models for the TSS were developed for use in the SPP 

Dynamic Simulation. At first, simplified models were employed as a con

venience to checking out the entire simulation. These simplified charge 

and discharge models were basically first-order lag functions modulating 

charge or discharge flow in response to the respective commands from the 

master controller. Pressure and temperature variations with flow were 

not taken into account for these simplified models. 
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I 

Late in the development of the total SPP Dynamic Simulation development, 

a detailed discharge model TSS was developed and incorporated. This 

discharge model was based upon a multiple node representation of the heat 

carrying fluid, tube metal, shell metal, and steam/water. A corres

ponding detailed model of the charge side of the TSS was not developed 

however, due to lack of time. 

For the majority of the simulation run results presented in this report, 

the detailed discharge model was used along with a simplified charge side 

model. The detailed discharge model was found to consume considerable 

computer processor time however, and in cases where the primary con

cern was not on thermal storage interactions with the rest of the pilot 

plant (e.g., morning startup), the simplified TSS model was employed 

for economical reasons. The run results contained in the last section of 

this report indicate which of these two different sets of TSS models was 

used for the respective computer runs. 

Detailed TSS Discharge M8del Description 

The TSS discharge heat exchanger model is based on dividing each of the 

heat exchangers into a series of counterflowing well-mixed tanks. Each 

of the tanks is divided into four temperature nodes; 1) the fluid inside 

the tubes, 2) the tube metal, 3) the fluid outside the tubes and inside the 

shell; and 4) the shell metal temperature. 

The nodes are numbered by starting at node one as the inlet temperature 

of the fluid to the heat exchanger independent of whether the shell side or 

the tube side fluid is being considered. Tube metal temperatures are 

numbered along with the fluid inside the tubes, and shell metal temperatures 

are numbered with the fluid inside the shell. Figure 2-15 illustrates the 

physical model schematically. 
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A differential heat balance expression can be written for each node in the 

heat exchanger. The heat balance can be expressed in a fundamental work 

equation as: 

[ 

Rate of Energy] = 
Accumulation 

- . 

[

Net Rate of Energy ] + 
Exchange of the System, 
Due to Fluid Flow 

· Net Rate of Energy 
Exchange of the 
System Due to 
Heat Transfer 

This heat balance can be written algebraically for each of the four types of 

heat exchanger nodes. Doing this for the shell node (refer to Figure 1 for 

node numbering strategy) gives: 

(2-66) 

~ Jm C [ TSHELL (I)-Tr] 
dt I sh Psh 

= hsh Ash (I) [ TS(I) - TSHELL (I)] ( 2-67) 

where: 

msh 

C 
Psh 

TSHELL(I) 

T r 

hsh 

TS (I) 

= metal mass of the shell of node I 

= heat capacity of the steel metal 

= shell temperature of node I 

= reference shell temperature 

= heat transfer coefficient between the shell metal 

and the shell side fluid 

= shell side fluid temperature of node I and temperature 

of shell side fluid leaving node I 

= area of the shell node 

Since T is a constant, d/ dt (-m he T ) = 0, and Equation (-267) can 
r s Psh r 

be rewritten as; 
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For the shell side fluid Equation (2-66) becomes: 

d/dt (ms Cps TSO)_] - W
8 

Cps [Ts(I-1)-TS(I)] +hshAsh(I) 

l TSHELL(I) - TS(!)] + hstA/1) [ TTUBE (N+2-I) - TS(I)] 

where 

m s 

C ps 

w 
s 

TS (I-1) 

= 

= 

= 

= 

= 

= 

mass of the fluid in the shell in node I 

heat capacity of the shell side fluid 

mass flow of the fluid on the shell side into node I 

temperature of shell side fluid which is flowing into 

node I 

heat transfer coefficient between the shell fluid and 

the tube metal 

area of the tube metal of tube node N+2-I 

TTUBE (N+2-I) = tube metal temperature of node N+2-I 

For the tube metal Equation ( 2-66) will become: 

d/ dt [ mtu CPtu TTUBE(I)] = hst At(I) [ TS (N+2-I) - TTUBE(I)] 

htt At (I) [ TT(I) - TTUBE(I)] 
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where; 

= 

C = 
Ptu 

TTUBE(I) = 

= 
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tube mass of node I 

heat capacity of the tubes 

tube temperature of node I 

heat transfer coefficient between the metal tubes 

and the fluid inside the tubes 

TT(I) = temperature of the fluid in node I and the temperature 

of the fluid leaving node I. 

Finally, for the fluid inside of the tubes Equation ( 2-66) will become; 

d/dt [ mt cpt TT(I)] wt [ TT(I-1) - TT(I)] htt At [TTUBE(I) -

TT(I)] 

where: 

= 

= 

= 

TT(I-1) = 

mass of the fluid in the tube in node I 

specific heat of the fluid in the tube in node I 

mass flow rate of fluid through the node I 

temperature of the fluid entering node I. 

( 2- 70) 

Starting from a set of initial values., this set of equations can be numerically 

integrated to give the conditions of any node at any point in time. The time 

derivative of temperature is calculated for all of the nodes at time ( t) 

based on corresponding conditions in the heat exchanger. These values 

are then used to calcu~ate the heat exchanger conditions at time (t + .6.t). 
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A relationship exists between the required number of nodes for the heat 

exchanger model, the integration time step size, and the maximum flow 

rate of fluid throughout any node. The integration process will be meaning

ful only if the flow rate is such that less than one node is swept out in any 

given time interval. In other words, a fluid element cannot pass through 

an entire node in one integration time, since the equations developed above 

assume the state of a given fluid node is influenced only by the fluid node 

directly upstream from it in any given time interval, and not by fluid nodes 

further upstream than one node. This restriction can be expressed 

numerica11y as; 

(6) N 

where: 

N 

V 

~t 

= 

= 

= 

= 

= 

number of nodes in the heat exchanger 

holding volume of the exchanger for the fluid under 

question 

density of the fluid 

maximum mass flow rate of the fluid 

integration time of the equation set 

The node number analysis must be performed for the fluid on both sides 

of the heat exchanger for a given integration time. The maximum number 

of nodes to be used in a given heat exchanger at a given integration time 

is then chosen to be less than the smallest value calculated for either of 

the two fluids in the exchanger. 
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The entire discharge system model is a combination of the storage tank 

model, the heat exchanger model, the boiler model, and the control 

system model. 

The storage tank model treats both the superheat system and the boiler

preheater system as two tanks: a hot tank and a cold tank. The model 

assumes the oil taken from the hot tanks is at a constant temperature. The 

model uses a thermal averaging technique to calculate the temperature of 

the oil in the cold tanks at any time point in the run. A warning message 

is printed out when one of the storage tanks is depleted. 

The basic heat exchanger model is similar to that used for the SGS model. 

Experience with running this model has shown that an acceptable inte

gration time for good results and minimal costs to be O. 2 second. The 

node numbers are set at the maximum possible number of nodes which give 

meaningful results as explained in the heat exchanger model. 

The model used for the boiler is similar to that used for the steam 

generator boiler model. The change in average density of the fluid in the 

boiler drum with respect to time can be written as 

(2-71) 

where: 

P:n = average density of the steam water mixture in the boiler 

WF = feedwater flow rate into the boiler 

ws = steam flow rate out of the boiler 

VB = boiler volume 
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The rate of change of the boiler enthalpy with respect to time can b.e 

written as 

d 

dt 

where 

= 

= 

average enthalpy of the steam water mixture in the 

boiler 

enthalpy of the f eedwater to the boiler 

enthalpy of the steam leaving the boiler 

heat transfer rate to the boiler steam from the boiler 

tubes 

heat transfer rate from the boiler steam to the boiler 

shell 

The values of HB and pB are updated from their previous values at the 

end of each timepoint by numerical integration of the above two equations. 

The values of HB and pB are then used to calculate the other thermo

dynamic variables of the steam. The states of the oil flow and metal 

parts of the boiler are treated by use of the heat exchanger model. 

The control system model can be divided into two different parts - the 

controller itself, and the control valves. The controller itself consists 

of three separate sections - the HITEC flow control, the oil flow control, 

and the f eedwater flow control. 

The HITEC flow control has only one input - the outlet steam temperature 

from the storage system. It controls the HITEC flow to keep this tempera

ture constant at the set point. Figure 2-16 illustrates the control scheme 

used. 
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Figure 2-16. HITEC Flow Control for TSS Discharge Model 

The oil flow control has six inputs - the feedwater inlet temperature to 

the boiler, the steam temperature out of the boiler, the oil temperature 

into the boiler, the oil temperature out of the boiler, the oil flowrate, and 

the boiler pressure. The purpose of the boiler oil flow controller is 

twofold - 1) to ensure that the net rate that energy is leaving the boiler is 

the same as the net rate that energy is entering the boiler, and 2) to 

control the boiler pressure to the set point valve. The control logic to 

accomplish this is shown in Figure 2-1 7. 

The feedwater control has three inputs - the steam flow, the feedwater 

flow, and the boiler level. The f eedwater flow is controlled to maintain 

inlet and outlet flowrates for the boiler constant and equal, and to main

tain a constant fluid level in the boiler drum. Figure 2-18 illustrates the 

control logic. 
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The control valves used in the storage system are similar to those used 

in the rest of the SPP Dynamic Simulation. All valves in the storage 

system require twenty seconds to go from full closed to full open. 

The program operates by first initializing the state of the system at time 

zero. The time derivatives of all of the system parameters at time t=0 

are then calculated, and the system status is updated as time progresses. 

Simplified Charge and Dis charge Models 

Simplified TSS charge and discharge models for the TSS were defined as 

w 
1 0 = 

WCOM Ts+l 

where: 

w 
0 

= flow out 

WCOM = commanded flow 

'f = flow constant 

A value of T=30 seconds was utilized for both the charge and discharge 

portions of this model. The flow command term originates from the 

master controller as either a "storage-in" or "storage-out" signal. 

CS (COLLECTOR SUBSYSTEM) MODEL DESCRIPTION 

The output response of the SGS is heavily dependent upon the time-varying 

radiant heat input characteristics. As the radiant heat input is a function 
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of both the reradiated and incident solar power, an accurate means to 

model these characteristics is essential to the overall accuracy of the 

simulation. This requirement, in turn, means that an accurate repre

sentation of the collector field, which redirects the incident solar power, 

must be modeled. 

The collector field is comprised of approximately 1598 individually con

trolled heliostats with each heliostat a four-facet device. One alternative 

to modeling this field is to incorporate models for each of the 1598 helio

stats, position each in the field according to the preliminary design layout 

location, and command each to track the sun such that the redirected 

power focuses upon the appropriate SGS active surface. Obviously, this 

approach is the most straightforward at the expense of somewhat unwieldly 

complexity. 

A preferred alternative, selected for the SPP Dynamic Simulation, is to 

develop a simplified collector field model based upon averaging the effects 

of many heliostats into a single representation. This has the effect of 

reducing the model complexity significantly, with little consequential 

degradation in the redirected solar power calculations. 

The collector model irtcorporated into the SPP Dynamic Simulation is 

capable of tracking sun movement during the day, and superimposing the 

effects of cloud transients upon the sun's direct normal intensity. Cloud 

size, speed, and direction of approach may be varied, In addition, the 

degree to which the cloud covers the collector field may be varied. 

The following discussion describes the entire collector subsystem model 

under these topics: 

• Field model 

• Receiver (or cavity) Incident power model 

40703-II-3 



2-85 

• Transient receiver reradiation model 

• Cloud model 

• Model verification 

Field Model 

The heliostat field is modeled by dividing the field into a square grid of 
field cells. Figure 2-19 shows the cell division and the actual heliostat 
field boundaries. The grid may contain any number of field cells up to 
a maximum of 400 (a 20 x 20 matrix). The number of heliostats in each 
cell is an input parameter required by the computer program. 

The tracking efficiency of all heliostats in a cell is assumed equivalent 
to the tracking efficiency of the heliostat at the cell center. Here, tracking 
efficiency is defined as the power redirected into the cavity from a single 
heliostat divided by the total maximum incident power upon the helio-
stat. In this case, the total maximum incident power is simply the mirror 
area times the available direct normal intensity. 

Clearly, the tracking efficiency of a cell is a function of the cell's field 
position and the sun position. Consider a field cell with center defined by 
coordinates (X .. , Y .. ) where the coordinate system is centered at the lJ lJ 
tower location (X = Y = 0). Figure 2-20 shows the cell center location 
relative to the tower as well as a unit sun vector, defined by the sun 
azimuth and elevation angles, and a local orthonormal vector triad 
centered at the tower location. 

Using the nomenclature of Figure 2-20, the unit sun vector can be written 
as 

,. ,. ,. 
UR = (sin 0 i - cos 9 j) cos 0 l + sin 0 l k az az e e 
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A vector from the cell center to the tower top (nominally assumed to be 

the aim point of the cell) is: 

~ A A ~ A 

V = -X .. i + Y .. j + (TH) k 
lJ lJ 

and the magnitude of this vector is simply 

I~ I = D =--Jx2 
.. + Y

2 
.. + (TH)

2 
lJ lJ 

... 
such that a unit vector along V is 

... -
UV = V / D 

The mirror normal at the cell senter is constructed to redirect the sun's 

rays in a direction defined by UV. The unit mirror normal vector is 

- - - -UMN = (UV - UR) / (UV - UR) 

- ,... 
By substituting the previous expressions for UV and UR into this equation, 

the unit mirror normal vector is determined as a function of the cell 

center position, the tower height and the sun's position. 

Knowing the mirror normal and the sun vector, the cosine of the angle 

between the two vectors is the unshadowed, unblocked tracking efficiency 

of the heliostat determined by the expression 

cos a = UR • UMN 

Substituting from the previous equations, the final expression for the 

cosine is 

cos a . . - 1-cos 0 
1
sine X .. /D - cos 0 1cos e Y .. /D + sin 0 1 TH/D 

1, J e az IJ e az IJ e 

2 
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The effects of shading and blocking on the cell tracking efficiency may be 
included by taking advantage of previously generated detailed ray trace 
code data. This data shows that for the pilot plant central receiver con
figuration. using four facet tilt-tilt heliostats. the total shading and blocking 
efficiency is a function of the sun's elevation angle only. 

Figure 2-21 shows the fraction of the total power which is not lost due to 
heliostat shading and blocking as a function of the cosine of the sun's 
elevation angle. This relationship can be thought of as the shading and 
blocking field efficiency. 

The data in Figure 2- 21 represents the average shading and blocking 
efficiency as integrated over the field. This efficiency is modified for 
each field cell as a function of the cell position relative to the sun's 
azimuth position. Since the baseline heliostat is a four-facet tilt-tilt 
configuration aligned such that the outer rotation axis is normal to a line-

>u z 

1.0 

!:::!:: 0. 8 
u 
LL. 
LL. 
LL.I 

~ 0.6 
::..:: 
8 
iil 0. 4 

"" c..:> 
z 

~ 0.2 
:c 
V"l 

0 

EFFs 1. 0 _ POWER LOST DUE TO SHADING & BLOCKING 
DNI x MIRROR AREA x AVG. COS a 

0 0. 2 0. 4 0. 6 0. 8 1. 0 
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Figure 2-21. Shading and Blocking Efficiency for the 
Pilot Plant Heliostat Field 
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of-sight to the tower, the facet-to-facet shading must be a maximum for 

those heliostats which are positioned 90 degrees from the sun position. 

This can be more clearly seen by referring to Figure 2-22, which shows 

several representative heliostats (not to scale) in the field and an arbitrary 

sun azimuth position. From detail ray trace simulation results, it is 

known that nearly all shading losses are due to facet-to-facet shading rather 

than heliostat-to-heliostat shadows. Consequently, the losses will be 

greatest on heliostats where the outer rotation axis is aligned with the 

sun vector. When the sun vector is normal to the heliostat outer axis 

no shading losses will occur. 

To model this situation, it is assumed that the shading and blocking loss 

is distributed over two 120-degree field angles with the center of the 

shading zone at an angle perpendicular to the sun vector. Figure 2-22 

shows that the assumed variation of shading losses is linear from zero 

loss at the zone boundaries to a maximum at the zone center. The maxi

mum loss is calculc;1ted such that the total integrated loss over the field 

cells is approximately equal to the total loss as determined by the data 

in Figure 2-21. 

The cell tracking efficiency must be further modified by the mirror 

reflectance (assumed = 0. 9) and the fraction of the power redirected which 

enters the cavity. Based on the ray trace simulation results, the fraction 

of the redirected power which enters the cavity can be taken as a constant 

for all field cells and sun positions. Therefore, the total overall tracking 

efficiency for any field cell (TE .. ) is written as 
lJ 

TE .. = (cos a .. ) x (TJSAB .. ) x (REFL) x (CAV) 
lJ lJ lJ 
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Figure 2-22. Shadowing in the Heliostat Field 
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where 

cos a.. = cell (i, j) cosine-only tracking efficiency 
lJ 

Tl SAB. . = cell ( i, j) shading and blocking efficiency 
lJ 

REFL = Mirror reflectance 

CAV = Fraction of redirected power which enters cavity 

Finally, the redirected power which enters the cavity from any cell is 

simply 

P.. = (Area Mirror) .. x (DNI) x (TE .. ) 
~ ~ ~ 

where 

P. . = Power into cavity from cell (i, j) 
1. J 

(Area Mirror).. = Heliostat mirror area in cell (i, j) 
lJ 

DNI = Direct normal intensity 

Receiver Incident Power Model 

The purpose of the receiver (or cavity) incident power model portion of 

the CS is to determine where the redirected power from any field cell 

will be incident upon the steam generator or cavity ceiling. Figure 2-23 

illustrates a typical field cell and the external paths from the cell boundaries 

into the aperture, and then from the aperture to the steam generator or 

ceiling surfaces. 
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The portion of the internal cavity which can be seen from the field cell is 

determined by the two angles measured from horizontal (0near and afar) 

shown in Figure 2-23. As shown. the angle to the path determined by the 

near edge cell boundary and the upper aperture boundary is defined as 

0 near• while the angle to the path determined by the far edge cell boundary 

and the lower aperture boundary is defined as a far• These angles are 

subsequently used to determine the steam generator segment intercepted 

by any field cell. 

Figure 2-24 shows the tower ceiling. cavity geometry. arid a typical 

field cell with redirected energy paths to the internal cavity surfaces. 

For determining incident solar power, the cavity has been modeled using 

four nodes: the boiler (B). the primary superheater (PSH). the secondary 

superheater (SSH). and the ceiling (C). This method of modeling is con

sistent with the SGS model. and is adequate for addressing control and 

stability issues associated with the energy balance between the boiler 

and superheater. 

As shown in Figure 2-24 the points of intersection of the possible ray 

paths with the internal cavity can be quite easily calculated given the cavity 

geometry. The lower and upper intersections are given by 

ht = ( D~3 + D~! ) (tan afar) 

h + (DD3) (tan 0 ) 
a near h -u 

where 

ht = height from tower top to lower path intersection 

h u 
= height from tower top to upper path intersection 

DDl = tower top diameter 
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internal cavity diameter 

height from tower top to upper aperture minimum 

boundary 

The power distribution over the portion of the steam generator which 

can be seen from the field was assumed to take the shape of an isoceles 

triangle with zero power at the intercept points and a peak midway between 

the points. The fraction of the cell power into the cavity which is incident 

on each cavity node can then be computed using the assumed distribution. 

For the example shown in Figure 2-24. the fractional power ratios are 

2 
(hBS - h,t) 

= 2 x--==---

F psh 

F ssh 

(hu - ht)2 

= 1 - 2 X [.<~s -h.i)2 + (hu - hps >2] 

(hu - ht>2 

= 2 (hu-hps)
2 

X 2 
(hu - ht) 

F = 0 
C 

where 

FB 

F psh 

F ssh 

F 
C 

= fraction of cell power on boiler 

= fraction of cell power on primary superheater 

= fraction of cell power on secondary superheater 

= fraction of cell power on ceiling 
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hBS height from tower top to boiler/ superheater interface 

h height from tower top to primary/secondary superheater ps 
interface 

For each field cell the fractional power ratios are calculated and stored 

in an array. The power on any cavity node from any one cell (i. j) is 

simply found by multiplying the cell power into the cavity by the appro

priate fraction. The total power onto any node is the sum of the power 

from each field cell; or. 

ij 
PB = [ F B .. P .. 

lJ lJ 

i. j 
Ppsh = L F P .. psh .. lJ lJ 

i.j 
Pssh = L F P .. ssh .. lJ lJ 

i. j 
Pc = [ F P .. c .. lJ lJ 

Where PB. P h" P hand P are the total integrated powers on the ps SS C 

boiler. primary superheater. secondary superheater and ceiling re-

spectively. 

Transient Receiver Reradiation Model 

Considerable efforts on the SPP Program have been devoted to development 

of a sophisticated reradiation model for the receiver cavity. Using Monte 

Carlo techniques. redirected solar power onto the various cavity surfaces 
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has been statistically determined. A high degree of confidence in this 

technique exists. 

The requirements for a reradiation model for the SPP Dynamic Simulation 

are somewhat different than this Monte Carlo technique, however. The 

primary requisites are a set of algorithms which give an accurate repre-

sentation of the physical reradiation phenonemona, at minimum computer 

run time and memory space requirements. Consequently, a transient 

receiver reradiation model was developed. 

The transient reradiation model utilizes a six-node representation of the 

receiver cavity as shown in Figure 2-25. Redirected solar power on each 

node is determined from the receiver incident power model previously 

described. Surface temperatures for each node are determined from the 

SGS model. The transient reradiation model then calculates net solar 

and IR power contributed to each cavity surface. The total of net solar 

and IR power than provides the absorbed power required as inputs to the 

nodal temperature rate of change equations. At this time, convection 

losses have not been incorporated into the model. 

The total reradiation model consists of seven subroutines, as listed in 

Table 2-7. The first six of these subroutines are called only once at the 

time of SPP Dynamic Simulation initialization. The .. - ....fter, only the last 

subroutine (CAVHEAT) needs to be called at each time point. 

Table 2-8 lists the initialization data contained in the initialization program 

CA VINIT. This data characterizes the cavity physical size and radiation 

properties for each of the nodes identified in Figure 2-25. 

Following initialization, the subroutine CAVHEAT is called periodically 

whenever updated values of absorbed power are required. The input to this 

routine consists of two 1 x 6 vectors, as shown in Table 2-9: 1) a surface 
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Table 2- 7. Receiver Reradiation Model Subroutines 

Subroutine Function 

1. CAVINIT 

2. VIEWFAC 

3. FACTOR 

4. TRANS 

5. SCRPTF 

6. DINRT 

7. CAVHEAT 

Initializes the cavity physical param
eters and cavity radiation properties. 
It controls the call to all of the other 
initialization routines below {nos. 2 
through 6). 

Calculates all of the viewfactors 
between the nodes. 

Calculates the viewfactor between the 
two coaxial dis cs. 

Calculates the transfer matrices for 
IR and solar heat transfer given the 
nodal view factors and radiation 
properties. 

Calculates the Hottel Script F matrice 
for radiant heat transfer. 

Calculates the inverse of a matrice. 

Calculates the net IR and solar heat 
transfer rates for each of the cavity 
nodes given incident solar power and 
nodal surface temperatures. 

temperature vector for each node., and 2) an incident solar power vector. 

The routine., in turn., calculates three 1 x 6 vectors: 1) net solar power; 

2) net IR power; and 3) absorbed power. 

The accuracy of the transient reradiation model has been verified by 

stimulating it with metal surface temperature profile curves and incident 

power distributions identical to those employed with the Rerad rubber 

model. Comparative results are shown in Table 2-10 for two different 

time points: 3/21., 7 a. m., and 3/21., noon. 
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Table 2-8. Initial Data Needed in CAVINIT 

Preliminary 
Variable Design Value Definition 

Rl 7. 46 (24. 5) Cavity top radius in m (ft) 

R2 3. 96 (13. 0) Tower top radius in m (ft) 

H(l) 4. 78 (15. 67) Distance from the cavity 
ceiling to the bottom of 
superheater one in m (ft) 

H(2) 8. 0 (26. 25) Distance from the cavity 
ceiling to the bottom of 
superheater two in m (ft) 

H(3) 15. 85 (52. 0) Average distance from the 
cavity ceiling to the bottom 
of the boiler in m (ft) 

H(4) 21. 34 ( 70. 0) Distance from the cavity 
ceiling to the toper top 
in m (ft) 

ESOL (I) o. 9 Solar emmisivity of Node 
(ESOL(5) = 1. 0) I- aperture emmisivity 

is 1. 

EIR (I) o. 9 IR emmisivity of Node 
(EIR (5) = 1. 0) I - aperture emmisivity 

is 1. 

Table 2-10 shows the absorbed energy balance results between the two 

different models for the three SGS nodal surfaces. Re radiated solar and 

IR power comparisons are also shown. 

As the table shows, the transient receiver reradiation model agrees well 

with the rubber model, with typical accuracies of 1- 2 percent. The 

largest differences ( 5-10 percent low) occur for the reradiated IR power 
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Table 2-9. Variables Used for Receiver Transient Reradiation Model 

Variable Vectors 
( 1 x 6) Definition 

TCAV (I) Temperature of node I in degrees F. The 
temperature of the aperture node is the out
side temperature. 

SI (I) Incident solar power on node I in BTU /hr. 
Include only "whistle thrus" in the incident 
power on the aperture. 

QSOL (I) Net rate of solar input into node I in BTU /hr. 
Negative values correspond to power into a 
node, positive values correspond to power out 
of a node. 

QIR (I) Net rate of IR input into node I in BTU /hr. 
Negative values correspond to power into a 
node, positive values correspond to power 
out of a node. 

QNET (I) Absorbed power into node I in BTU /hr. 
Positive values correspond to power into a 
node; negative values correspond to power out 
of a node. 

runs. The major reason for this slight discrepancy is believed to be the 

improper accounting for the inactive surf ace at the bottom of the boiler 

section. 

Cloud Model 

No definitive data on cloud size, shape or cloud cover was available for the 

cloud modeling exercise. Although a thorough literature search was not 

performed it was not expected that a definitive data exists because of site

dependent variations in meterological conditions. Several sources of cloud 
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Table 2-10. Verification Results of the Receiver Transient 
Reradiation Model 

3/21 7 am 3/ 21 Noon 

Variable Transient Rubber Transient Rubber 
Definition Model Model Model Model 

Solar Power • 286 MW • 287 MW 1. 03 MW 1. 04 MW 
Reradiated 

IR Power 1. 702 MW 1. 792 MW 2. 42 MW 2. 68 MW 
Reradiated 

Absorbed Boiler 8. 614 MW 8. 648 MW 30. 72 MW 30. 35 MW 
Power 

Superheater One 2. 530 MW 2. 483 MW 9. 69 MW 
Absorbed Power 

Superheater Two . 493 MW • 510 MW 5. 53 MW 
Abs orbed Power 

data are available, however, and the cloud model was developed to be 

compatible with available data. 

9. 66 MW 

5. 52 MW 

One source of data is the information contained in Reference 8. This 

report contains cloud speed and cloud size frequency distributions are for 

cloud observations in Tucson, Arizona, taken over an eight month period. 

They are reproduced in Figure 2-26. 

The data taken during the cource of the study cited in Reference 8 was 

fitted to a gamma probability density function of the form 

f (x) = 
X 

a -x/b 
X e 

0 

, X > 0 

, X SQ 
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Density Functions (Gamma-Functions) 
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For the gamma distributions. the following parameters were determined 
in Reference 8: 

Cloud Size (Km) 

a = 1. 1519 

b = 1. 5152 

Cloud Speed (Km/hr) 

a = 1. 9619 

b = 5. 7974 

Referring to Figure 2-26 it appears that clouds larger than the pilot plant 

heliostat field are quite likely. The pilot plant heliostat field is approxi

mately 0. 54 km in diameter and it can be estimated that over 95 percent 

of all clouds will be larger than this. 

Further information on cloud sizes. speeds and cloud cover is reported in 

Reference 9. In this report a cloud model was constructed based on 

several references concerning cloud statistics as determined from U-2 

photographs. A cloud shadow field was modeled with the cloud shadows 

being represented as rectangles. where the ratio of the rectangle length 

to width was based on the cloud data. The frequency distribution of cloud 

sizes was taken from Reference 10. and is reproduced in Figure 2-27. 

It is interesting to note that clouds smaller than 0. 35 km2 (0. 135 sq. mi) 

in area are not on the frequency data curve reported. However. the fre

quency of smaller clouds does seem higher than seen in the curve of 

Figure 2-26. The cloud types of Figure 2-27 are all limited-extent water 

clouds, with bases generally below 1524m (5000 feet). These types 

will cast quite sharp shadows and probably represent worst- case con

ditions for the heliostat field. 

From available data it therefore seems most probable that clouds will be 

as large or larger than the pilot plant heliostat field. This information 

was used to simplify the cloud modeling effort for the pilot plant field by 

assuming a single cloud moving over the field is an adequate representation 
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of actual expected conditions. The length of the cloud, the cloud speed, 

the cloud direction and the cloud center relative to the field center can 

be varied within the computer program. 

Figure 2- 28 shows the heliostat field cell grid and a sample cloud moving 

over the field from the north. Time increments for the simulation are 

chosen such that one cell at a time is covered in the direction of the cloud 

movement. For each time increment, the field cells which are covered by 

the cloud are assumed to be totally blacked out. That is, the power re

directed by the cell is set to zero and the total redirected power, as well 

as the power to each cavity node, is then computed. 

Collector Model Verification 

To test the field and receiver models, a series of runs were made with 

the computer program of the cloud model. The runs were identical to 

runs made previously with the detailed ray trace code and results were 

compared. 

Figures 2-29 and 2-30 show the comparisons for sunrise to noon on an 

equinox day. No clouds are present in the data. For all times, the simple 

model redirected power and power on each of the cavity nodes is within 

1 MW of the detail ray trace results. Percentage differences between the 

two sets of results is always within 10 percent. These differences are 

considered negligible for the purpose of simulating the system transient 

characteristics. 

In addition, the model was checked for one case of cloud cover. The ray 

trace code and the simple model were both run with a cloud covering the 

north half of the field. The total power and the power on each cavity node 

is shown in the following table (MWt): 

40703-II-3 



c:c 60 
L&.J 
Q:'. 
<( 

Cl 

§ 50 
...J u 
...J 

5 40 
1-
z 
L&.J u 
~ 30 
Q:'. 
Q:'. 
::::::::, 
u 
8 20 
l5 
>u 
~ 10 
::::::::, 
0 
L&.J 
Q:'. 
LL 

2-107 

o- CL= l 

• ---CL= 2 

6-•-cL = 3 

Figure 2-27. Frequencies of Cloud Areas for Three 
Cumulif orm Cloud Types 
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Figure 2-28. Example of Cloud Moving over Heliostat Field 
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Ray Trace 

27. 4 

10. 8 

5. 9 

5. 8 

4. 9 

Field Cell Model 

26. 5 

10. 1 

5. 7 

5. 5 

5. 2 

Again, agreement between the two sources of data is within 10 percent 

for every power comparison. This is judged to be excellent correlation 

of analytical results. 

Once the field cell model was verified, some selected sample cases were 

run. Cloud speed, cloud direction, and cloud field covering were varied. 

Example results are shown in Figures 2-31 through 2-34. Some selected 

results were then transferred to the SPP Dynamic Simulation programs 

to characterize the plant behavior during cloud transients. 

Figure 2-31 shows the change in direct solar power stimulating the four 

cavity nodes as a function of time. The figure is for a cloud passing over 

the field from the north. The cloud eventually covers the entire field and 

then moves off the field. 

For a cloud coming from the north, the first cavity section to be affected 

is the boiler since the heliostats in the north can see only the boiler section. 

As the cloud moves south and covers more and more of the field, the in

coming power on all sections is reduced in the sequence of boiler, pri

mary superheater, secondary superhea.ter and then ceiling. 
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Depending upon the cloud direction and size, the cavity nodes affected 

can be deduced from knowledge of the parts of the heliostat field which 

direct power onto the different cavity sections. Figure 2-35 shows the 

heliostat field divided into zones of different cavity views. The figure 

shows that far north field heliostats see only the boiler node, while 

heliostats close in can see only the ceiling. 

Figure 2- 33 shows the results of a cloud coming from the west and covering 

the entire field. Note that the power on all sections is decreased nearly 

uniformly as the cloud passes. A worse case may be for a cloud coming 

from the west, but covering only the north half of the field. Figure 2-34 

shows this case. U is seen that the superheater and ceiling powers are 

nearly unaffected by the cloud but the boiler power is reduced to one-third 

its original value as the cloud covers the field. This may potentially create 

serious imbalance problems in the steam generator. 
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SECTION 3 

COMPUTER PROGRAM DESCRIPTION 

Figure 3-1 illustrates the basic top-level flow chart of the dynamic simu

lation computer program. 

Prior to beginning the iterative computational sequence., the following 

operations take place: 

1. Input data from the SPP data file is read in. Table 3-1 lists 

the data file parameters., order., and formats utilized. 

Basically., the input data consists of overall program data 

(time step sizes., final time., print times., mode switches~ 

etc. )., initial thermodynamic states (pressures., temperatures., 

enthalpies., flows., levels)., initial valve openings., control 

system gains., and initial SGS radiant heat inputs. The data 

file input is printed out again to verify the proper data was 

entered. 

2. Subroutines are individually initialized. 

3. Initial condition parameters are printed out. 

The program then enters the basic low-speed iteration loop., which steps 

through the program in time steps of size t::.. T. A high- speed loop within 

this low-speed loop is utilized for computational sequences requiring 

smaller time step changes (for accuracy and/ or numerical stability)o 

Printout of selected parameters at preselected time intervals is permitted. 

Plot points., if automatic output plotting is desired., are also sampled at 

the same time. 
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REPEAT 
UNTIL 
T MAX REACHED 

TIME=TIME+ ,H 

Figure 3-1. 

11AHS 11 

TIMES 

3-2 

READ IN DATA 

WRITE INPUT DATA 
TO LINE PRINTER 

INITIALIZE SUBROUTINES 
0 CALL CS 
• CALL SGS 
• CALL EGS 
oCALL TSS 

SET TIME= 0 

PRINT OUT NON-ZERO 
A-ARRAY ELEMENTS 

PRINT OUTPUT 
EVERY "TPRIN" 
SEC 

PRINT OUT NON-ZERO A-ARRAY 
EVERY "APRDEL" SEC 

CALL CS 

CALL SGS 

PERFORM SGS 
DRUM/BOILER 
COMPUTATIONS 

CALL EGS 

CALL TSS 

PERFORM ALL OTHER 
SGS COMPUTATIONl 

PERFORM 
STATISTICS 
COMPUTATIONS 

WRITE OUT INITIAL 
CONDITIONS AFTER FIRST 
l>T AND LAST l>T 

SCALE 
STATISTICAL 
PARAMETERS 

PRINT OUT 
STATISTICAL 
PARAMETERS 

WRITE OUT 
NON-ZERO 
A-ARRAY 
ELEMENTS 

WRITE PLOT 
PARAMETERS 
TO TAPE 

WRITE STORED 
VARIABLES TO 
LINE PRINTER 

STOP 

Dynamic Simulation Computer Program 
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Line No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Pl 

RUNND 

lCSET 

TPRDEL 

QBTD 

QBTF 

KCSBP 

LSET 

HFW 

RHDF 

KJIVP 

XFWA 

T2 

PTSO 

WTSI 

PTSSET 

LPl 

LP9 

P2 P3 

IDPMOD JCS 

APRDEL TMJIX 

QPSHTD QSSHTD 

QPSHTF QSSHTF 

KCSBI KCSPSP 

PSGSET TSGSET 

HA H2 

PFW WSSHO 

KAVI KFWP 

XSCV XAVA 

DEMAN[ DEMHP 

WTSO HTSO 

TTSET 

LP2 LP3 

LPl0 LPil 

Table 3-1. SSP Dynamic Simulation Input Data Format 

Parameters Read 
P4 P5 P6 P7 PB Formats Subsystem Parameter Descriptions 

18, FB. 0 Program Run Number 

INP 518 Flags for submode, operating mode, collector, 
No. printout parameters 

DELT TSTRT 18, 5F8. 2 Time printout ~T, A-array ~T, max. time,_ 
step size, DNI read start 

IB, 3F8. 2 cs Initial boiler, PSH, SSH, Heat ratios 
(% of full load) 

TI QRATE 18, 5F8. 4 Final heat ratios, time to change, rate of 
change 

KCSPSI KCSSSI 18, 6FB. 4 CS controller gains (Unused) 

IB, 3F8. 2 SGS Drum level, pressure, temperature set points 

HPSHO HSSHO 18, 5FB.2 Enthalpies (initial) 

WATTSP TPSHM TSSHM IB, 6FB. 1 Density, pressure, temp., flow conditions 
KFWI KSVP KSVI 18, 6FB. 4 Controller gains 

IB, 3F8. 4 Valve openings 

PLOADO DEMNDF 18, 5F8. 3 EGS Load, load demand 

18, 3F8. 2 TSS Pressure, flow, enthalpy out (discharge) 

18, FB. 0 Flow in (charge) 

18, 2F8. 2 Set points 

LP4 LP5 LP6 LP7 LPB 918 Line printer 
parameters A ( ) 

LP12 LP13 LP14 LP15 LP16 918 

CA) 
I 

CA) 
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After completing the number of time step iterations to reach the selected 

maximum true (T MAX). final summarizing information is printed out. 

A "common" block of data (i.e •• data utilized by more than one subroutine 

or data desired to be periodically outputted) is stored in an "A "-array. 

Dimensioned at 600 variables. this array contains the value of any constant 

or variable 'which the user may wish to preserve. A periodic printout 

of all non- zero values of this array is optional. Tables 3- 2 through 3-5 

list a dictionary of A-array elements utilized in the simulation. Basically. 

the A- array is structured in the following order: 

A(O) - A (99) 

A( 100) - A (299) 

A( 300) - A (599) 

Program data 

SGS and CS data 

EGS and MC data 

Statistical parameters are computed every 6. T seconds by the subroutine 

SGS. These statistics provide a summary of principal parameter changes 

during the course of the program execution. 

Table 3-6 illustrates an example of the type of statistical data printed out 

at the conclusion of each run. As shown. the statistics are divided into 

three major categories: 

SPP Power levels (power and energy statistics for the SPP) 

SGS Performance (statistics concerning temperatures. pressures. 

levels. etc. ) ,within the SGS 

TSS Performance (statistics concerning temperatures. pressures. 

levels. etc. ) within the TSS 

Table 3-7 summarizes the meanings of the statistical data parameters of 

Table 3-6. 
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100 
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3-5 

Table 3-2. A-Array Variables for SPP Program Variables 
( 0-99 Series) 

Mnemonic Parameter Description Value 

TIME t - instantaneous time of run 

RIPDEL .6.PR - printout interval value 

TMAX T MAX - maximum time to run 

completion 

DELT .6. t - basic program time step size 

-
-

RIADEL .6.P A - A-array printout interval . 

variable 

TIMEM tM - instantaneous time of run 

Table 3-3. A-Array Variables for SGS (100,200 Series) 

Mnemonic Parameter Description Value 

WFW W FW - Feedwater flow -
WO WO - Stearn flow out of druni -
WBD W BD - Blowdown flow -
WRC W RC - Recirculating flow in 160, 640 

boiler circuit 

PFW PFW - Feedwater pressure 1, 915 

HFW HFW - Feedwater enthalpy 

HA HA - Average boiler/ drum enthalpy -
HF HF - Saturation enthalpy, boiler -

circuit 

HD HD - Drum vapor enthalpy -
H2 H 2 - Down cover exit enthalpy -

40703-Il-3 

Units 

sec 

-
sec 

sec 

-
-
-

min 

Units 

lb/hr 

lb/hr 

lb/hr 

lb/hr 

psia 

Btu/lb 

Btu/lb 

Btu/lb 

Btu/lb 

Btu/lb 
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Table 3-3. A-Array Variables for SGS (100,200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

110 RHOSSI PssI - Initial value of SSH steam - lb/ ft 3 

density 

WSSHO W SSHO - Exit steam flow of SSH - lb/hr 

HSSHO HSSHO - Exit steam enthalpy of SSH - Btu/lb 

TSSHM TSSHM - Average SSH metal tern- - OF 

perature 

PSGO P SGO - SGS outlet steam pressure - psia 

115 RHOF PF - Average boiler/ drum circuit - lb/ ft 3 

density 

RH02 P
2 

- Downcover fluid density at - lb/ft3 

exit 

WATTSO W ATTSO - Attemperator outlet flow - lb/hr 

WATTSP W ATTSP - Atternperator feedwater - lb/hr 

spray flow 

PSSHO P SSHO - Steam pressure at SSH exit - psia 

120 QB QB - Boiler section absorbed power - Btu/hr 

QPSH QPSH - PSH section absorbed power - Btu/hr 

QSSH QSSH - SSH section absorbed power - Btu/hr 

QR I QR - Total SGS absorbed power Btu/hr -
TATTO T ATTO - Attemperator steam exit - OF 

temperature 

125 RHOPSI PSI - Initial value. PSH density - lb/ft3 

of steam 

WPSHO W PSHO - PSH steam flow at exit - lb/hr 

HPSHO HPSHO - Stearn enthalpy at PSH - Btu/lb 

exit 

TPSHM T PSHM - Average metal tempera- - OF 

ture. PSH metal 
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Table 3-3. A-Array Variables for SGS (100, 200 Series} (Continued} 

A ( ) Mnemonic Parameter Description Value Units 

RHOPSH PPSH - Steam density of PSH - lb/ft3 

130 EFW e: FW - Total f eedwater controller - pu 
error signal 

EP e: p - Total pressure controller - pu 
error signal 

ET e:T - Total temperature con- - pu 
troller error signal 

TPSMDT T PSM - PSH average metal - ~F /sec 

temperature time rate of change 
TSSMDT T SSM - SSH average metal - ~FI sec 

temperature time rate of change 
135 TPSHO T PSHO - PSH steam temperature - OF 

at exit 

TSSHO T SSHO - SSH steam temperature - OF 

at exit 

PPSHO P PSHO - Exit pres sure of steam - psia 
from PSH 

PD PD - Drum pressure - psia 
MT MT - Total fluid mass in drum/ - lb 

boiler circuit 

140 EFWI E:FWI - Feedwater controller in- - pu 
tegral output error 

EPI €pr - Pressure controller integral - pu 
output error 

ETI e:TI - Temperature controller in- - pu 
tegral output error 

RHOR PR - Riser fluid density - lb/ft3 

.L t - Drum level (from bottom) - ft 
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Table 3-3. A-Array Variables for SGS (100,200 Series) (Continued) 

A ( ) M'.1emonic Parameter Description Value Units 

145 XFWA XFWA - Feedwater actuator stem - pu 

position 

xscv XSCV - Steam control valve ac- - pu 

tuator stem position 

XBDA XBDA - Blowdown actuator valve - pu 

stem position 

XAVA X AV A - Attemperator actuator - pu 

valve stem position 

RHOSSH p SSH - Steam density in SSH - lb/ft3 

150 VT VT - Total boiler/ drum circuit - ft3 

fluid volume 

KMB KMB - Factor accounting for - -
boiler/ drum metal energy 

storage 

QRC QRC - Heat added by recircula- - Btu/lb 

ting pump 

VDC V DC - Downcover fluid volume - ft3 

V4 V 4 - Riser fluid volume - ft3 

155 AD AD - Drum cross-sectional area - ft2 

LD LD - Drum height - ft 

LSET LSET - Drum luquid level set point - ft 

PSGSET PSGSET - Steam SSH exit pressure - psia 

(or throttle pressure) set point 

TSGSET T SGSET - Steam SSH exit tempera- - OF 

ture set point 

160 VPSHO V PSH - PSH fluid volume - ft3 

KFRPSH KFRPSH - Friction coefficient, PSH - hr2 

steam flow in2- ft 3 
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Table 3-3. A-Array Variables for SGS (100,200 Series) (Continued) 

A ( ) Mnemonic Parameter Description . Value Units 

KMSPSH KMSPSH - PSH metal to steam heat - Btu/lb-
transfer coefficient op 

MMPSH MMPSH - PSH metal mass - lb 
CMPSH C MPSH - PSH metal specific heat - Btu 

lb-°F 
165 VSSHO V SSH - SSH fluid volume - ft 3 

KFRSSH KFRSSH - Friction coefficient, SSH - hr2 

. 2 ft3 steam flow 1n -

KMSSSH KMSSSH - SSH metal to steam heat - Btu 

transfer coefficient lb-°F 
MMSSH MMSSH - SSH metal mass - lb 
CMSSH CMSSH - SSH metal specific - Btu 

heat lb-°F 
170 CFWA CFWA - Feedwater valve time 

. -1 - sec 

constant (inverse) 

CFWV CFWV - Feedwater valve flow - pu 

characteristic (psia) 1 / 2 

CSCVA CSCV A - Steam valve time con- - sec -1 

st ant (inverse) 

cscv CSCV - Steam valve flow charac- - pu 

teristic psia-lb/ft3 

CBDA CBDA - Blowdown valve time - sec-l 

constant (inverse) 

175 CAVA CAVA - Attemperator valve time - sec-l 

constant (inverse) 

CVAT CVAT - Attemperator valve flow - pu 

characteristic (psia) 112 
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Table 3-3. A-Array Variables for SGS ( 100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

CVBD CVBD - Blowdown valve flow - pu 

characteristic (psia) 1 / 2 

KAVP K AVP - Proportional gain, at- - pu 

temperator controller 

KAVI K AVI - Integral gain, attempera- - pu 

tor controller 

180 KDRUM KDRUM - Proportional gain, drum - pu 

level controller 

KFWP KFWP - Proportional gain, feed- - pu 

water controller 

KFWI KFWI - Integral gain, feedwater - pu 

controller 

KSVP KSVP - Proportional gain, pressure - pu 

controller 

KSVI KSVI - Integral gain, pressure - pu 

controller 

185 TSSHI T SSH! - Outlet steam tempera- - pu 

.ture ( TSSET) 

XAVDOT XAV - Attemperator actuator rate - pu/sec 

limit 

XBDDOT x
80 

- Blowdown actuator rate - pu/sec 

limit 

XBDH XBDH - Blowdown valve full open - pu 

position limit 

XBDL XBDL - Blowdown valve full close - pu 

position limit 

190 XFWL XFWL - Feedwater controller com- - pu 

mand closed position limit 
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Table 3-3. A-Array Variables for SGS (100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

XFWH XFWH - Feedwater controller corn- - pu 
mand open position limit 

XFWDOT :XFW - Feedwater valve rate limit - pu/sec 
XFWAH XFWAH - Feedwater valve fully - pu 

open position limit 
XFWAL XFWAL - Feedwater valve fully - pu 

1· closed position limit 
195 XSCVH XSCVH - Steam valve controller - pu 

full open position limit 
XSCVL XSCVL - Steam valve controller - pu 

full closed position lirn it 
XSCDOT XSCV - Steam valve r~te limit - pu/sec 
XAVAH X AV AH - Atternperator controller - pu 

full open position limit 
XAVAL XAVAL - Atternperator controller - pu 

full closed position limit 
200 TDl T Dl - Drum saturation tempera- - OF 

ture polynomial value, TD> 250 
TD2 T D2 - Drum saturation tempera- - OF 

ture polynomial value, TD< 250 
TD TD - Saturation temperature in - OF 

drum /boiler circuit 
205 -

HFG hfg - Fluid to vapor transition - Btu/lb 
drum fluid enthalpy 

HG hg - Vapor enthalpy of drum fluid - Btu/lb 
VF v f - Specific fluid volume in drum - ft 3 /lb 
VFG vfg - Specific volume, fluid/vapor - ft 3 /lb 

mixture, in drum 
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Table 3-3. A-Array Variables for SGS (100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

210 VG V - Specific volume of drum vapor - ft
3 

/lb 
g 

HDC hDC - Downcover fluid enthalpy - Btu 

lb 

X2 x
2 

- Downcover fluid quality - -
V2 v 

2 
- Specific volume of downcover - ft3 /lb 

fluid 

M2 m - Downcover fluid mass - lb 
2 

215 M3 m
3 

- Boiler fluid mass - lb 

M4 m
4 

- Riser fluid mass - lb 

WPSHI W PSHi - Steam flow into PSH - lb/hr 

220 BPSH BPSH - Heat removal rate from - Btu/hr 

PSH metal by steam flow 

HPSODT HPSH - PSH steam enthalpy - Btu/lb 

time rate of change sec 

TPOl T POl - PSH temperature poly- - OF 

nomial expression value 

TPO2 T PO
2 

- PSH temperature poly- - OF 

nomial expression value 

HATTSO H ATTSO - Attemperator outlet - Btu/lb 

steam enthalpy 

225 

WSSHI W SSHi - SSH inlet steam flow - lb/hr 

BSSH BSSH - Heat removal rate from - Btu/hr 

SSH metal by steam flow 

HSSODT HSSO - SSH steam enthalpy time - Btu/lb 

rate of change sec 

230 TSOl TSO 
1 

- SSH outlet temperature - OF 

polynomial expression value 
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Table 3-3. A-Array Variables for SGS (100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

TSO2 T SO2 - SSH outlet temperature - OF 

polynomial expression value 

XFWAC XFWAC - Feedwater valve - pu 

actuator command 

xscvc XSCVC - Steam control valve - pu 

actuator command 

XAVAC XAV AC - Attemperator valve - pu 

actuator command 

235 QBTO QBTO - Initial boiler section - % 
heat input 

QPSHTO QPSHTO - Initial PSH section - % 
heat input 

QSSHTO QSSHTO - Initial SSH sectior .. - % 
heat input 

QBTl QBTl - Final boiler section - % 
heat input 

QPSHTl QPSHTl - Final PSH section heat - % 
input 

240 QSSHTl QSSGTl - Final SSH section heat - % 
input 

Tl t
1 

- Time to impose change in - sec 

SGS heat inputs 

DPSCV .6.PSCV - Pressure difference across - psia 

steam control valve 

PSCRAT PRATIO - Ratio of SCV pressure - -
differential to inlet pressure 

zscv ZSCV - SCV expansion factor - -
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Table 3-3. A-Array Variables for SGS (100. 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

245 vscv vSCV - Steam valve specific - ft 3 / lb 

volume 

QRATE QRATE - Rate of change of SGS - %/min 

heat input 

QRTO QRTO - Total initial heat input to - % 

SGS (% full load) 

TPSMDT T PSHM - PSH metal temperature - ~F/hr 

rate of change 

TSSMDT T SSHM - SSH metal temperature - ~F/hr 

rate of change 

250 RUNNO RUN NO. - Run number - -
QBPFL QBFL - Boiler section heat input - % 

QPSPFL QPSHFL - PSH section heat input - % 

QSSPFL QSSHPL - SSH section heat input - % 

QTPFL QTFL - Total SGS heat input - % 

255 WTURI W TURi - SGS steam flow to HP - lb/hr 

turbine inlet 

WTSI WTSi - SGS steam flow to TSS inlet - lb/hr 

PSSHl P SSH - SSH steam outlet pressure - pu 

WSSHl W SSH - SSH steam outlet flow - pu 

ATTS High speed loop iteration ratio - -
260 ARl a - Boiler density distribution 

3 - Btu-ft 

parameter lb2 

BRl (3 - Boiler density distribution - Btu-ft3 

I parameter lb2 

KCSBP KCSBP - CS proportional gain. - pu 

boiler control 

KCSBI KCSBI- CS integral gain. boiler - pu 

control 
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Table 3-3. A-Array Variables for SGS (100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

KCSPSP KCSPSHP - CS p•roportional gain, - pu 

PSH control 

265 KCSPSI KCSPSHI - CS integral gain, - pu 

PSH control 

KCSSSP KCSSHP - CS proportional gain, - pu 

SSH control 

KCSSSI KCSSHI - CS integral gain, SSH - pu 

control 

QRl QR 1 - Scaled SGS heat input value - Btu/hr 

EBUS EBUS - Total busbar energy de- - MWe 

livered 

270 PAUX PA UX - Auxiliary plant power - MWe 

ETSST ETSST - Total change in TSS - Kwe-hr 

energy stored 

PNSGS PNSGS - Net SGS power delivered - Btu/hr 

ESGST ESGST - Net total SGS energy - Kwe-hrs 

delivered 

TCAV(l) T CAVl - Receiver cavity (Node 1) - OF 

ceiling temperature 

275 TCAV(5) T CAV5 - Receiver cavity (Node 5) - OF 

aperature temperature 

TCAV(6) T CAV6 - Receiver cavity (Node 6) - OF 

floor temperature 

TSTRT T ST ART - Start true for incident - hrs 

flux reading 

DNI DNI - Direct Normal Intensity kw/m 
2 

QREDIR QRED - Redirected solar power - Btu/hr 

from heliostats 
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Table 3-3. A-Array Variables for SGS (100, 200 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

280 QBINC QBINC - Boiler Incident Power - Btu/hr 

QPSINC QPINC - PSH incident power - Btu/hr 

QSSINC QSINC - SSH incident power - Btu/hr 

QCINC QCINC - Ceiling incident power - Btu/hr 

QRFL QRFL - SRE SGS rated heat input - Btu/hr 

285 QRFLPP QRFLPP - SPP SGS rated heat input - Btu/hr 

PKWSCL PKWSCL - Kwe scaling of - Kw 

generator 

Table 3-4. A-Array Variables for EGS, MCS (300,400 Series) 

A ( ) Mnemonic Parameter Description Value Units 

300 PLOAD PLOAD - Full load gross genera- - MWe 

tor output 

PFLOAD PF LOAD - Power factor of elec- - -
trical load 

T2 t 2 - T irn.e of load change - sec 

DEMAND DLO - Initial load demand - pu 

305 

310 PHPTRA PHPTRA - Rated (HP) throttle - psia 

pressure 

WHPTRA WHPTRA - Rated (HP) throttle flow - lb/hr 

HHPTRA HHPTRA - Rated (HP) throttle inlet - Btu/lb 

enthalpy 

PLPTRA PLPTRA - Rated (LP) admission - psia 

pressure 
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Table 3-4. A-Array Variables for EGS. MCS (300,400 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

WLPTRA W LPTRA - Rated (LP) admission - lb/hr 

steam flow 

315 HLPTRA HLPTRA - Rated (LP) admission - Btu/lb 

steam enthalpy 

CVLPOP CVLPOP - Turbine admission valve - pu 

full open position limit 

CVLPCL CVLPCL - Turbine admission valve - pu 

full close position limit 

THPSC 'T HPSC - HP steam chest flow true - sec 

constant 

320 TSMHPI 'T SMHP - HP throttle valve motor 
-1 - sec 

time constant (inverse) 

CHPPI CHPPI - HP steam flow mass 
,,, 

pu/sec -
storage coefficient 

CDVHPO CVHPO - Throttle value (HP) - pu/sec 

opening rate limit 

CDVHPC CVHPCL - Throttle value (HP) - pu/sec 

closing rate limit 

CVHPOP CVHPOP - Turbine throttle value - pu 

full open position limit 

325 CVHPCL CVHPCL - Turbine throttle value - pu 

full close position limit 

CLPPI CLPPI - LP steam flow.mass - pu/sec 

storage coefficient 

CDVLPO CVLPO - Admission value opening - pu/sec 

rate limit 

CDVLPC CVLPCL - Admission value closing - pu/sec 

rate limit 
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Table 3-4. A-Array Variables for EGS, MCS (300,400 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

DEMNDF DLF - Final load demand - pu 

330 VERHP VERHP - Valve error, HP - pu 
i 

governor motor 

CVHP CVHP - Throttle valve opening - pu 

area 

PHPSVi - Inlet pressure to - pu 

throttle valve 

PHPNCI PHPNCi - HP nozzle chest inlet - pu 

pressure 

335 WHPTI W HPTi - HP steam flow out of - pu 

nozzle chest 

TMHP T MHP - Mechanical torque due to - pu 

HP steam flow 

TELEC TE LEC - Electrical back torque - pu 

of turbine-generator 

TNET T NET - Net torque (mechanical - pu 

less electrical) 

WR WR - Rotor speed, turbine- - pu 

generator 

340 PELEC PELEC - Generator gross electrical - pu 

output 

DELLOD SLOAD - Load torque angle - rad 

TFWHP T FWHP - Feedwater temperature - OF 

HP heater exit 

wrFLOI WTFLOi - Total flow through - pu 

turbine 

345 IROT IROT - Rotor inertia - sec 

350 KGOVH KGOVH - HP governor speed error - pu 

gain 
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Table 3-4. A-Array Variables for EGS, MCS (300,400 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

KPHP KPHP - HP governor mass flow - pu 

feedback gain 

KHPPD KHPPD - HP pipe drop friction - pu 

coefficient 

KPLP KPLP - LP governor mass flow - pu 

feedback gain 

KLPPD KLPPD - LP pipe drop friction - pu 

coefficient 

355 TDELY T DELY - Time delay, feedwater - sec 

enthalpy change 

TCON T CON - Condenser enthalpy change - sec 

true constant factor 

TLPH T LPH - LP heater enthalpy change - sec 

true constant factor 

TDEAR T DEAR - Deaerator enthalpy - sec 

change true constant factor 

THPH T HPH - HP heater enthalpy - sec 

change true constant factor 

360 WERHP W ERHP - Speed error, HP - pu 

governor 

VCOMHP V COMHP - Valve command, HP - pu 

governor motor 

HHPTI HHPTi - HP inlet enthalpy - pu 

365 TMECH T MECH - Mechanical torque, total - pu 

THETRA 0 RAT - Rated load power factor - rad 

angle 

DELRAT 6RAT - Rated generator torque - rad 

angle 
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Table 3-4. A-Array Variables for EGS, MCS (300,400 Series) (Continued) 

A ( ) Mnemonic Parameter Description Value Units 

PSYNCH P SYNCH - Synchronizing torque co- - rad-l 

efficient 

HTEXO HTEXO - Exhaust enthalpy - Btu/lb 

370 THETLD () LOAD - Load power factor angle - rad 

HSSHOT HSSHOT - Total HP inlet enthalpy - pu 

WERLP WERLP - Speed error, LP governor - pu 

VCOMLP V COMLP - Valve command, LP - pu 

governor motor 

VERLP V ERLP - Valve error, LP gover- - pu 

nor motor 

375 CVLP CVLP - LP admission valve area - pu 

380 

PLPNCI PLPNCi - LP admission chest - pu 

inlet pressure 

WLPTI W LPTi - Admission inlet steam - pu 

flow 

TMLP T MLP - Mechanical torque due to - pu 

LP steam flow 

385 

HFWl HFWl - Undelayed f eedwater - Btu/lb 

enthalpy 

HFWP HFWP - Delayed feedwater en- - Btu/lb 

thalpy 

HFWHP HFWHP - HP f eedwater enthalpy - Btu/lb 

390 HFWLP H FWLP - LP feedwater enthalpy - Btu/lb 

HFWDEA HFWDEA - Deaerator f eedwater - Btu/lb 

enthalpy 

HFWSGS HFWSGS - Feedwater enthalpy to - Btu/lb 

SGS 
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Table 3-4. A-Array Variables for EGS, MCS (300,400 Series) (Continued) 

A ( ) M~emonic Parameter Description Value Units 

MWER MWER - MWe error (MCS) - pu 

MWERI MWERI - MWe integral output - pu 

(MCS) 

395 MWERT MWERT - Total MWe error - pu 

signal ( MCS) 

MWERTL MWERTL - Total MWe error sig- - pu 

nal, logged (MCS) 

PER PER - Pressure error (MCS) - pu 

PERI PERI - Pressure error integral - pu 

output (MCS) 

PERT PERT - Total pressure error - pu 

signal ( MCS) 

400 PERTL PERTL - Total pressure error - pu 

signal, logged (MCS) 

TGPER TGPER - Pressure error signal - pu 

contribution to governor 

TGMWER TGMWER - MWe error signal to - pu 

TG (MCS) 

TGCOM TGCOM - Turbine governor com- - pu 

mand (MCS) 

405 

MWELIM MW ELIM - MWe error limit (MCS) - pu 

MWILIM MWILIM - MWe integral limit (MCS) - pu 

MWETLM MWETLIM - Total MWe signal - pu 

limit (MCS) 

PERLIM PERLIM - Pressure error signal - pu 

limit (MCS) 
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Table 3-4. A-Array Variables for EGS. MCS (300. 400 Series) {Concluded) 

A ( ) Mnemonic Parameter Description Value Units 

410 PILIM PILIM - Integral limit. pressure - pu 

error (MCS) 

PETLIM PETLIM - Total pressure signal - pu 

limit (MCS) 

SICOML SICOML - Limit on SICOM (MCS) - pu 

TGCOML TGCOML - Limit on TGCOM (MCS) - pu 

SOCOML SOCOML - Limit on SOCOM (MCS) - pu 

415 KMWP KMWP - Proportional gain, MWe - pu 

signal 

KMWI KMWI- Integral gain. MWe - pu 

signal 

KPP Kpp - Proportional gain, pressure - pu 

error 

KPI KPI - Integral gain, pressure - pu 

error 

FLOEFF e: FLO - Flow efficiency term, - -
mechanical torque 
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Table 3-5. A-Array Variables for TSS (500 Series) 

A ( ) Mnemonic Parameter Description Value Units 

500 PTSO PTSO - Steam outlet pressure, - psia 

dis charge mode 

WTSO W TSO - Superheat er outlet steam - lb/hr 

flow 

HTSO HTSO - Superheater outlet steam - Btu/lb 

enthalpy 

PTSSET PTSSET - Superheater outlet - psia 

pressure setpoint 

PTSI PTSi - Steam inlet pressure to - psia 

TSS system 

505 TTSSET T TSSET - Superheater outlet - OF 

steam temp. setpoint 

HTSI HTSi - Inlet steam enthalpy - Btu/lb 

SICOM SICOM - "Storage-in" command - pu 

from MCS 

SOCOM SOCOM - "Storage-out" com- - pu 

mand from MCS 

WOILCO W OILCO - Cold oil flow - lb/hr 

510 WOILHO WOILHO - Hot oil flow - lb/hr 

WHITEX W HITECX - HIT EC flow into - lb/hr 

desuperheater 

WHITST WHITE CST - HITEC flow into - lb/hr 

storage 

TTSO T TSO - Superheater steam outlet - OF 

temperature 

WFWTS W FWTS - Feedwater flow to - lb/hr 

storage 
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Table 3-5. A-Array Variables for TSS (500 Series) (Concluded) 

A ( ) Mnemonic Parameter Description Value Units 

515 WATTTS W ATTTS - Attemperator spray - lb/hr 

flow (total 1 and 2) 

DLTS dTS - Drum level of liquid in - in 

boiler (main set point) 

TSCHRG TSCHRGE - TSS charge state - % 

THHTC T HHTC - Hot HITEC temperature - OF 

TCHTC T CHTC - Cold HITEC temperature - OF 

520 TOIL TOIL - Oil in storage temperature - OF 

PDRUM PDRUM - Drum pressure - psia 

TPREH T PREH - Preheater exit fluid - OF 

temperature 

TDSHO T DSHO - Desuperheater exit steam - OF 

temperature 
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Table 3-6. Examplec of SPP Dynamic Simulation Summary Printout 

-- --- --------------------- - -------- - --
SPP POWEH LEVELS 5U"IMARV ~F SPP PERFORMANCE CRUN NO 301.1 

---------------------&Tu/HR·x 10•6 ------------- - :--

________________________ AVG ______ PE~K ~IN _______________ AVG ____ PEAK ____ M._IN'-'-----

GPOSS s~s ,~PUT PO~ER 117,270 146,73A o. 43,01 o. 
-----·--ffrr··o•!T?ltT··pcw[R···cF SG<i -TO;.- -· ---·• - ------- -

_________ !(?TA_L_ 

EGS 

141,535 

97,518 

-4,472 ___________ 3_1 ~~_9 __ ~_1.48 --=J_;_31.,_ __ __._ 
80,223 -0.000 28,58 -o.oo 

0.001 7,65 11,84 o.oo 
____ ~ET_TSS POWf~ TO EG_S __ 13,5~1 89.263 -0.006 ____________ 3~97 ___ 26, 16 __ '.'.o.o~----

8,96 9,98 7,36 

2355555;--l4853. 8. 

EGS GROSS G[,~DATOR OUTPUTC~Wf) • 

G!l055-CYCLE -'i'.':Af RATE C!lTU/K,--HDl • 

____ T,:JT_A_I,__ r:ET -~1:E~r:! DEL!V.Er'EC' l•W-HD?l SGS/EGS _________ 6857,6 __ TO_ TSS __ 2232,5 .... -~R9M_T_SS_ 

I0024,4K~-HRS,EFFICIENCVCNET ENERGV OUT/TOTAL INl•0,9062 

2o03CMW-HRSEI 

_______________ FDLLDWH!r. __ U'IITS_ARE-QEG-:F.•DEG-FIHR•~~•A•I~'-----------------

SGS PERFOR•"A•ICE AVG PEAK MIN 
TFw-HP ~w Tf"IP 378,6 394,2 371.9 -----tD-OP.U~ rm~-- --------604,6 ·-- ------ --·· 612,3 583,3 
TPSHO-PSH Tf,!P OUT Hl,3 802,1 751,7 
TSSHO-~SH Tf~P OUT 957,2 970,0 931 0 0 ----TPS•1M-rSH ·•,~T•L TE"o·---- 824,7 --9,.9,f __________ 779,6'---------
TSSh•-ssH MFT~L TE~~ 991,0 1010,5 953,6 

____ PSH ~FT~L TF~o DATE 72,3 ________________ 3107,6 -2246,7 _______ _ 
SSH ~fT,L Tr•0 PATE 64,5 "3221,5 - •l985,3 
PPS><C-PSH PR:05,0UT 1536,7 1601,4 1359,6 

______ PSSt.O-SS'-1 P~l:$,(,lJT 1471,,1 1522,5 1359,6 Pl')-ORlf~• P?C:5 ---1597,0 1685,0 1359,6 _______ _ 
DELTA L:;U"I L~V!'L 0, 77 t,, 37 -0, 78 

_____ PHP:ict-HP •;C! _fHlES 1451,3 ____ -.- l490,1 l.3~9,6, ________ _ 
TSS PE~FQD••p:cc. 

THliTC-•:".)T «IT~C TE~~ f5C,O 850,0 850,0 
TC~TC-C0LD ~IT~C TE~ 569,9 570,0 569,9 

____ TOIL-~•!~ OIL TFMP •79,9 
OCN\:ll-C~L T~ -)DtJ~ LF.V 0,2 

---------- _ 480,0 ______ 479,9 ---------
0,4 -0.2 

P~RU~-rpuv •~F5SURE ~87,5 600,5 560,5 
TPQfH-~•C:HE>TF? TEMP 4P0,9 

-----T['.'Sf•~Ol"SUPEC-T~~p ··-----· o. ---- 484,1 __________ ~72.~---------. 
0, o. 

MISCELL~ll~l'\15 ~•CF.IVEP CAVITY TfP115 
------ --- ------- .. -- --- ------------ AVG- PEAK "!IN 

0111-01rrcT r-!J0¥AL INTn:SITYIKW/';-501, 0,7838 o.9807 o. 
____ ;0.:..1'-'N;:.C_-.,_r"'i:.,_r 1.£ F~~-~A_I_LtRL f _f01,,f P_I • .-/!_> _____________ ___,_50 ,0979 ,_ ___ __.62 ._686c<.3 ____ .,.o,, _____ _ 

ORn~-CFOlq!r:Tr~ PC~FP TO ?OILEql~WT) 25,1866 31,5154 o. 
O~D~-r•~IPFCTFft PO~EQ TC P~H<w•Tl 5,7496_ 7,1943 ____ 0. ___ _ 
CROs-or:l')IR:'CTE~ PO.I[? 'in" 5$"1M·,;T) 4,5314 5,6700 o. 
~ROC-PEnlRECT•~ cowFR TO (FILl~~(~WTI .,1801 5.2304 o. 

----'Q~Q.!=.T.<:'•L-~~~1.'iECJ.FO __ pf'WfC ro __ CAVLUIJ"l'~.Tl, _______ 39,6476 ___ ___c49,6l01 o._ ____ _ 
OA1P-Arsn~~r, Pnwf~ 
OA~~-,r~o~~~n ~c~r~ 
6A~~-l~5~~q~~ P~Wf? 
OAOC-TOTAL t~•~OHfD 
QA~r-TO'AL ~,~~.~,r 

ON f:Oll.F.R<·••ITI 23,9519 29,9705 0, o,. P~•,c•••·T1 _____________ 5,7923 ____ 1.2478 _____ o, _____ _ 
n~ '-51-'(''wT) 406277 5.7905 0, 
p~~•P ONTO CFILl~Gc•WTI 4,3024 5,3834 0, 

---~o,~t~Tr:T~L ~~S"~P!" 
p"~~R n~rn C~VITY FLCORl~WTJ _____ 0,1497 ____ 0,1873 ____ 0._ ____ _ 
POVfQ INTO CAVITY(~~TI 38,8240 48,5795 0, 

QA~PF"P-101Lr1 •l•~•r,Rr-En P!'l\<FR<• '.IF" ()t:SIG'I ~Ol _____ 52,ll453 _____ 65,1230 0,. ____ _ 
o~qrFP-PSH Al~nO~[~ POi•rcw nr TOTAL PF.~IGN MAXI 12,5861 15,7487 o. 
OA~P,!-SSH ·~~~1rEr pn~~P1, OF TOT~L o~~,~N MAXI 10,0556 12.5823 o. 

___ Q_A_~P£T:T.OTAL ~PSOROf(l_P,.,WF.Pc;. ('F_ TQ1'L 'tf~l::.N MAXl._ ___ 74,687 ____ _,93.454, _____ o •.. ___ _ 
QQ~(~C-PATtn,oor1Pf(T•~ rn l~(t~E~T PDM~R TOTALS) 
06Bl,C-?<Tfr,An•oQ~~O Tn l~(l~F~T Pn~!q TOTAL51 
QA~ND-PAT(C •r~nRrrr TO Rf~t•F.cfED P~WE~ TOTALS) 

OAn,r-nA-DO TF. 
QAP~1Ra-nATf 
CASSQ/-OATE 
o•,r~,.-~UF. 

l• (HA~~E-""IL!R ·~•nDnfO POWfP(I/MINI _____ _ 
)t' (t'~~,c~f •P~H i,\F'IC,'lr:l"IF,!) Pnt,1:;:Q 1.,/,~I NI 
.,r CHA"CE ,o::"·H u•!:•ni;"\cn om..,F.r> ''"'~11N> 
1r CHAr~E•T"TAL A~~~~~r~ PO~EP(I/MINI 

TCAVl-r:F(LI~~ Tf~Pf~ATUqfc~rn-F) 
__ _r_c_•Vh~OV[ Ty_ fL ~o~ Tf''P'"PATUP( (fl[tj-F") 

0,759 0,791 
00743 - -----· 0,776 
0,939 0,980 

o. 
.o. 
o • 

. 0,~00 _____ 31,t,95 ____ •31,496 ___ _ 
0,000 12,180 -12.179 

-0.000 11~625 -11,625 
0.000 "9,637 ... ----- _•49.636 -------

1181,4 1445,l 982,8 
651,2 __________ 652,6 ____ __.,50.1 ____ _ 

TOTAL AV~LAPLf D(P(CT ~n~MAL F~FRGYC~WT-HR5): 14,626 
RrOtPF(Tfr, f'IFOt,YC~•:,T-H',51,TOToL= 11,~7-IOILER• 7,35PSH• l,68SSH• 1,32CEILING• 1,22 
AAS0r~ro E~E~GYIMWT-HDS),rO!LfR• 6,qQPSH• l,69SSH• l,35CEILING• l.26FLOOR• 0.04TOTAL• 11,33 
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Table 3-7. Summary Description of Statistical Parameters Computed 

SPP Power Levels 

1. Gross SGS Input Power 

2. Net output power of SGS 

3. Net TSS power to EGS 

4. EGS Generator output 

5. Gross Cycle Heat rate 

6, Total net energy delivered 

7. Total radiant energy in 

8. Net Change in TSS Energy 

9, Total electrical energy generated 

SGS Performance 

(Self Explanatory) 

TSS Performance 

(Self Explanatory) 

Miscellaneous Receiver Cavity Terms 

1. DNI - Direct normal intensity 

2. QINC - Incident available power 

3. Redirected power 

4. Absorbed power 

5, Absorbed power percentages 

6. Absorbed power rates of change 

7. Cavity ceiling, floor temperatures 

8. Available direct normal energy 

9. Redirected energy 

10, Absorbed energy 

Absorbed power input to SGS 

Net thermodynamic power (~WH) of SGS (total, to EGS, to TSS) 

Net thermodynamic power(~ WH) of TSS to EGS 

Gross generator electrical power output 

Sum of power delivered by TSS and SGS, divided by gross 
generator power 

Total net thermodynamic energy delivered from a) SGS to EGS, 
b) SGS to TSS, c) TSS to EGS 

Total absorbed power of SGS (Efficiency = thermodynamic 
energy delivered by TSS and SGS to EGS, less piping losses, 
divided by SGS absorbed energy) 

Net change in thermodynamic energy of TSS 

Time integral of busbar power delivered by plant 

Available direct normal intensity entering heliostat mirrors 

Available direct normal power (DNI x Mirror area) 

Solar power incident on receiver after tracking reflectance, 
etc., losses 

Total absorbed power on receiver surfaces 

Absorbed powers as percentages of SGS design !1"aximum 

Rate of change of absorbed power or surfaces, based upon 
maximuTT' design value 

Temperatures of materials at cavity ceiling, floor 

Time integral of direct normal available power (No. 2 above) 

Time integral of redirected power to various receiver surfaces 

Time integral of receiver absorbed powers 
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Up to 14 plots may be selected for automatic (CALCOMP) plotting of each 

run's results. Table 3-8 lists these parameters. their respective measure

ment units. and the computer variable. These same parameters may also 

be listed on the line printer output at the user's option. 



3-28 

Table 3-8. SPP Dynamic Simulation Plot Parameters 

Plot Computer 
No. Mnemonic Parameter Subsystem Units Computer Equation 

1 PDA P 0 - Drum Pressure SGS MPa [A(138)] (0. 006895) 

WDA W D - Drum Steam Flow SGS Kg/hr CA001>l <o. 4536) 

WFWA W FW - Feedwater Flow into drum SGS Kg/hr [A(lOO~ (0. 4536) 

WATTSA WATTSP - Attemperator spray flow SGS Kg/hr [A(llB)l-(O. 4536) 

2 TPSIIMA T PSHM - PSH Metal Temperature SGS Deg-C CA( 12al-32. o l (5/9l 

TPSHOA T PSHO - PSH outlet steam temperature SGS Deg-C [A(135)-32. 0] (5/9) 

TSSIII\I!\ T SSHM - SSH Metal Temperature SGS Deg-C [A(113)-32. O)] (5/9) 

TSSHOA T SSHO - SSH outlet steam temperature SGS Deg-C [A(136)-32. O)] (5/9) 

3 QHA Q
11 

- Total absorbed power input ( 5) cs MWt [A(268)] (0. 05862) (l0- 6) 

MWEA MWe - Net busbar electrical power EGS MWe [A(340)l < 14. 633)- CA(270) l 

EGENA EGEN - Net general ed electrical energy EGS MWe-hrs A(269) 

ETSSAA ETSS - Net change in TSS stored energy TSS !\!Wt-hrs [A(271)l/1000 

4 CVHPA CVHP - HP governor throttle valve positior EGS pu A(331) 

CVLPA CVLP - LP governor valve position EGS pu A(375) 

WIIPTIA WHPTi - HP turbine inlet flow EGS Kg/hr [A(335)l [A(311)l[(o. 4536)] 

WLPTIA WLPTi - LP turbine inlet flow EGS Kg/hr [A(383)l [A(311)l[(o. 4536)1 

5 QBA QB - Boiler absorbed heat input cs % (of total) A(251) 

QPSIIA QPSII - PSH absorbed heat input cs % (of total) A(252) 

QSSHA QSSH - SSH absorbed heat input cs % (of total) A(253) 

QTA QR - Total absorbed heat input cs % (of design A(254) 

max) 

6 TPSMDA T PSHM - PSH metal temperature rate SGS deg-C/hr [ A(248)-32. 0] (5/9) 

of change 

TSSMDA T SSHM - SSH metal temperature rate SGS deg-C/hr [A(249)-32. ol (5/9) 

of change 

LA A - SGS drum level deviation from SGS cm [A( 144)-A( 157)] (30. 48) 

set point 

7 WSGOA W SGO - Outlet steam flow SGS Kg/hr [A(lll)] (0. 4536) 

PSGOA Psuo - Outlet steam pressure SGS Mpa [A(119)] (0. 006895) 

TSGOA T SGO - Outlet steam temperature SGS deg-C [A(136)-32. ol (5/9) 

PHPNCA PHPNCi - Throttle pressure EGS MPa [A(333)] [A(310)] (0. 006895) 

8 THPFWA T HPFW - HP heater outlet feedwater EGS deg-C [A(342)-32. ol (5/9) 

temperature 

- DLTSA .6.d - Drum level deviation drum TSS cm [A(516) l (2. 54) -
setpoint 

WFWTSA WFWTSS - Feedwater flow into TSS TSS Kg/hr [A(514)] (0. 4536) 

preheater 

WATTTSA WATTS - Total attemperator spray flow TSS Kg/hr [A(515) l (0. 4536) 

9 PTSOA PTSO - Outlet steam pressure TSS MPa [A(500)] (0. 006895) 

TTSOA T TSO - Outlet steam temperature TSS deg-C [A(513)-32. 0] (5/9) 

WTSOA WTSO - Outlet steam flow TSS Kg/hr [A(501) l (0. 4536) 

WTSIA WTSi - Charge steam flow in TSS Kg/hr [A(256)] (0. 4536) 

10 WOILCA W OILC - Cold oil flow TSS % ( of design) [A(509)] (~77) (10- 5) 

WOILHA T OILC - Oil temperature, cold side TSS % ( of design) [A( 520)] ( 0. 17301) 

WHITEA W HS - HITEC ll'ow TSS % (of design) [A(511)] (0. 000602) 

WHITSA T HIT - Hot HITEC temperature TSS % (of design) [A(518)] (0. 117647) 
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!'lot Computer 
No. l\tnc1nonic 

II MWEHT!\ 

PEIITL,\ 

SOCOJ\1/\ 

SICOJ\1'\ 

IJEl\111 !';\ 

12 1\IWDEl\1/\ 

PSGST.'\ 

ESGST,\ 

13 QINC.!\ 

QHD!\!\ 

QHAB!\ 

QIL\BP!\ 

14 QHD,\ 

QIHNCJ\ 

QPINC!\ 

QSINC!\ 

QCINC!\ 
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Table 3-8. SPP Dynamic Simulation Plot Parameters 
(Concluded) 

]>ararnC'tcr ub3yst<'n Units Con1putcr Equation 

1\1\\'EIITL - Integrated megawatt error l\lCS pu \(:Jni;) 

PEIITL - Integrated pressure error l\lCS pu \(400) 

S( \•ol\J - 11 Storage-out'' command I\ICS pu \(:,Oil) 

SICOI\I - "Storage-in command I\ICS pu \(!i07) 

TGCOI\I - Tu1·hinc governor comn,and l\lCS pu \(404) 

1\IWDEl\1 - 1\legawatt demand (gross) !\JCS pu ,\( 303) 

P SGST - SGS net power delivered SGS 1\1\\'t l \(2n)J (o. w:i1 \ ( 10-n\ 

ESGST - Net SGS energy delivered SGS !\I \Vt-hrs '\( 27:l) 

QINC - Available incident solar power cs I\IWt l\(27a)l (1,:i.n2) 

QllEDIH - Hedirected solar power into cs 1\1 \Vt [ \(27!1)] (0. 2!131) (10- 1') 

cavity 

QH - SGS absorbed power cs !\!Wt L \(2till)] (0. 2n:ll) (JO-Ii) 

QHP - ,'iGS absorbed power to incident cs % L \(2n11)l (4. !ill:i4) < 10- 7 )/ 

power ratio L,\(27H)] 

QHEDIH - Hedirected/incident power ratio cs % [;\(27!1)] (O. OW31 )/ [,\(2711) 

QB INC - Boiler absorbed/ cavity incident cs % [,\(2BO)] (100)/[i\(27!1)] 

power ratio 

QPINC - PSH absorbed/ cavity incident cs % lA(2111)l (100)/[,\(27!•\l 

power ratio 

QSINC - SSH absorbed/ cavity incident cs % [A(2113)]( 100)/ G\(27!1)7 

power ratio 

QCINC - Ceiling absorbed/cavity incident cs % G\(2H3l]<1ool/ L\(211,)"1 

power ratio 

40703-II-3 



4-1 

SECTION 4 

COMPUTER RUN RESULTS 

A series of computer simulation runs were made to examine overall pilot 

plant performance. These performance results are summarized at the 

completion of each run by various optimal usages of line printer outputs 

and computer generated (CALCOMP) plots. Selected results of the various 

runs are contained in this section. Section 4 of Book 1 of this Volume 

provides analysis of these results and also presents some summarizing results 

data. 

Table 4-1 is a summary of computer runs made using the SPP Dynamic 

Simulation. Initial conditions for these runs are shown in Table 4-2. Run 

results are contained in increasing order of run numbers. For each run, 

the results include: 

• Statistical Summary Printout 

• CALCOMP plots 
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312 
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314 

315 

316 
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Table 4-1. Run Schedule for SPP Dynamic Simulation 
Computer Results 

Ap-
Speed Length proach 

Run Km/hr Km Direc-
Hun Type Time Run Description (mph) (mi) lion 

Plant Startup 200 min Variable pressure startup 
L, 

NA " 
from 1379 (200 psia)/ 
193'C (380'F) 

Cloud Transient 18 min Cloud from West, entering 11.4(7.1) 1.8(1.12) w 

18 min 11.4(7.1) I. 8 ( 1. 12) w 

18 min 11.4(7.1) 1.8(1.12) w 

18 min (Varying cloud speeds, 21.9(13.G) 1.8(1.12) w 
lengths, field coverages) 

12 min 1 21.9(13.6) 1, 8 ( 1. 12) w 

12 min 32. 9 (20. 4) 1.8(1.12 w 

18 min 11.4(7.1) 0.67(0.42) w 

14 min 32. 9 (20. 4) o. 67 (0. 42) w 

18 min Cloud from North, entering 11. 4 (7. 1) I. 8 (I. 12 N 
field at t=3 min 

18 min Cloud from South, entering 11. 4 (7. 1) I. 8 (I. 12) s 
field at t=3 min 

Load Demand Changes 35 min Starting at t=2 ,,.,in, ramp - NA 
demand up at 4%/min from 
7 to 12 MWe; ramp back 
down starting at t= 18 min 

Failure Effects 7 min Recirculating pump flow / NA 
rate in SGS reduced 50% 
at t=2 min 

7 min HP heater failure; feed- / NA 
' water temperature goes to 

149 deg-C (300 deg-F) at 
t=2 min 

7 min Collector field failure - solar 1
,, NA 

incident power on boiler only 
reduced by 20% at t=2 min 

Cloud Transient 138 min Plant operation for cloud 
I/ NA 

corrupted day starting 
at hour 4643. 3 on Sandia 
data tape 

40703-II-3 

Data 
Field Tape 
Cov- Hour 
erage (Hrs) 

, 

All 25. 2 

N-1/2 24. 2 

S-1/2 26. 2 

N-1/2 31. 2 

S- l /2 33. 2 • 

All 39. 2 

All 4, 2 

All 18. 2 

All 22. 2 

All 28. 2 

-

... -

... -

-, 
~ , 
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Table 4-2. Initial Parameter Data for SPP Dynamic Simulation 
Computer Run Results 

Units Parameter Values 

Parameter I English ~ Hun 300 All Others 

Program Data 

AT - Basic Iteration Step Size Sec 1.0 

AHS - High Speed Iteration Hate - X15 

SGS --
LSET - Drum Level Set point* m (ft) 1. 52 (5. 0) 

PSGSET - Throttle pressure set point Mpa (psia) 1. 38 ( 200) 10. 1 (1465. 0) 

T SGSET - Temperature set point, steam outlet deg-C (deg-F) 513 (955) 

HFW - Feedwater enthalpy* Kjoules/Kg (Btu/lb) 930. 2 (400. 0) 888. 8 (382. 2) 

HA - Average drum /boiler enthalpy* Kjoules/Kg (Btu/lb) 852. 0 (366. 4) 1517. 3 (652. 5) 

H2 - Downcover enthalpy* Kjoules/Kg (Btu/lb) 844. 6 ( 363. 2) 1414. 8 (608. 4) 

HPSHO - PSH outlet enthalpy* Kjoules/Kg (Btu/lb) 2790. 5 (1200. 0) 3104. 4 ( 1335. 0) 

HSSHO - SSH outlet enthalpy* Kjoules/Kg (Btu/lb) 2790. 5 ( 1200. 0) 3362. 5 ( 1446. 0) 

F - Average drum/boiler density* Kg/M
3 (lb/ ft 3 ) 560. 7 (35. 0) 464. 6 ( 29. 0) 

PFW - Feedwater pressure* MPa (psia) 13. 2 (1915. 0) 

W SSHO - Steam flow* Kg/hr (lb /hr) 0 (0) 5661. 0 (12,480) 

W ATTSP - Attemperator Flow* Kg/hr (lb/hr) 0 (0) 110. 2 (243. 0) 

T PSHM - PSH Metal temperature* deg-C (deg-F) 193. 3 (380. 0) 432.8(811.0) 

T SSHM - SSH Metal temperature* deg-C (deg-F) 139. 3 (380. 0) 518. 7 (965. 7) 

K AVP - Attemperator controller proportional gain* - - 20. 0 

K AVI - Attemperator controller integral gain* - - o. 08 

KFWP - Feedwater controller proportional gain* - - 5. 0 

KFWI - Feedwater controller integral gain* - - o. 05 

XFWA - Feedwater valve opening* pu - 0 0. 677 

XAVA - Attemperator valve opening* pu - 0 o. 1 

EGS --
Demand for load pu 0. 62 

Load pu o. 62 

TSS -
PTSO - TSS outlet steam pressure MPa (psia) 3. 41 (495. 0) 

WTSO - Outlet steam flow Kg/hr (lb/hr) 0 (0) 

HTSO - Outlet steam enthalpy Kjoules/K! (Btu/lb) 3204. 4 ( 1378. 0) 

WTSi - Inlet steam flow Kg/hr (lb/hr) 0 (0) 2116. 0 (4665. 0) 

PTSSET - Pressure set point MPa (psia) 3. 62 (525. 0) 

T TSET - Temperature set point deg-C (deg-F) 387. 8 (730. 0) 
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Run No. 

Type of R1,n 

Run Length 

Run Description 

4-4 

300 

Mornl.ng Plani; Start- up 

200 min 

Variable pressure startup from "hot" conditions 

(1. 38MPa (200 psia)/139°C (380°F)) condition 
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SUMMARY OF SPP PERFO~MANCE CRUN .NO 3000) 

SPP "POWER LEVELS 

-6Tl,JIHR X 10*6 

:P,EAK '41N AV§ 

GROSS SGS INPUT POWER 66.872 115.119 0.253 19.60 

·t,1.134 109.~ :-1.403 

EGS 59.567 106.292 0.021 17.46 

TSS. o.·. o .• o. 

NET TSS POWtR'.r9 EG~_· -~o.ooo· 3.2,~ __'__Q. 

EGS GROSS <:EIIIERATOR OUTPUT <MWE) = 5.37 

GR'QSS eve,~ HEATIRATE(BT\1/KW-Hpl-= 
' ''ii°' . :o; ··.;,; 

' : foTAL NET f;N!RG'< otl:1\i~REO <t<W--ttRS> SGS1E.G.L_ . . 

: 86582596 •... 

5~997 ,3 TO Tss . 
--~~~~ 

~WTH 

P.EAK 

33.74 

31.15 

10.47 

D>-1 

Ml!! 

0.01 

0.01 

o.oo 

• TOTAL RADIANT ENERGY IN= 65109.7KW-HRS.EFFICIENCYINET ElliERGY OUT/TOTAL Hd=0.6902 

S NET. CHANGE: 1111. TSS 'EIIIERGY .. 0.28 <KW-HR-5> "', ,": ~ 
·: · TOTAL ELEC; ENERGY GfNfR!JED= l_h2lCMW.,-.HB_~·~----'----------------------'-'-

:-C\,;:_,_.,,;. 

' '· 

\,A) 

FOi LOWING 11N1Ts ARE-QEG-f,QEG-f/HR,PSJA,1t., 
"·' ... · . ;,, .• 

SGS PERFORMANCE AVG 
. T_flt-HP fW TEMP 320, l 

TD-DRUM TEMP 482.4 
TPSHO-PSH TEMP OUT 792.8 
TSSHO-SSH TEMP OUT 886,8 

PEAK 
3..8.Z... 
567.4 
921.2 

TPSHM-PSH METAL TEMP 634.2 973.1 
TSSHM.,-SSH METAL TEMP' 917.9 1019.5 

352.5 
379.0 

------------~--P-..SJ:LJ1E.IALIT'1P RATF 148,8 3048.5 -
SSH METAL TEMP RATE 192.5 1479.9 
PPS~O-PSH PRts.ouT 634.4 1137.6 
PSSHO-SSH PRES.OUT 595.1 1069,5 
PD•DRUM ·PRES . 67108 120303 
DEL.TA f:)RUM LEVEL . -o.1a 7.58 -4.63 

-----------~P~H=P~N_C~I--H-· P~.-11.0Z PRES 580 • 8 l 034 .1 141. I 

TSS PERFORMANCE 
. THHTC-.HOT HI TEC TEMP. O. o. o. 
ronc-COLO flJTEC TE'-' o. o. o • 
TOIL-~AIN OIL TEMP O, 0 o 
DDqUM-DELTA DRU~ LEV O. O. 
PORUM-DPUM PRESSURE O. o. 
TPREH-PP.EHfATER TEMP C, O. 
H>SH-DESUPER..,,TEMP O. ·-·- ---- ----· o. 

c. 
o. 
,2-. 
o. 



MISCELLANEOUS RECE I VEA (AVITY· TERMS 3C»--2.;> 
AVG PEAK NIN 

DNI-D1RECT NORMAL INTENSJTYtKW/M-SQl• 0.6167 0.8583 0.0085 
OINC-INCIDENT AVAILABLE POW~RIMWTl 39~4186 54.86)1 Q-5456 

QROfi-REDIRECTe:b .POWER ro<soILER(MWT) 13.7589 24.0669 o.0489 
~----------~Q~B~D~P._-~Rht~D~IR~E~C....,..,TE~[!L..IQ_p3.l:i..!.UT .3...5151 5.9453 Q.OJ53 

QRDS~REDIRECTEO POWER TO SSHIMWTl 2.8675 4.7776 0.0121 
QRDC-REDIRECTEO POWER TO CEILINGCMWTl ~.6518 4.4170 0.0112 
QRDT-TOTAL REDIRECTED POWER To CAV!TY tMWTl 22.8534 39.2P66 n.Q974 

011aa:.:.AE!SORB1:0 POWER, oN BOILERit-1wn 13.1090 < 22.9149 . 0.0467 
OABP-ABSORBEO POWER ON PSH<l'WJ> 3,5794 5-9619 0.0151 
QABS-ABSORBED POWER ON SSH(MWT) 2.9Jll 4.8587 0.0122 
0ABC-TOTAL· ABSORBED POWER ONTO CEILING<MWT) 2.7059 4 • 5182 0.0113 
QAfil-TOTAL ABSORBfD POWER ONTO CAVITY ELQOR IMWTl 0.0842 O. I 457 O.o003 
QABT-TOTAL ABSORBED POWER INTO CAVITYIMWTJ .22.3904 38.4054 o.0857 .. 

QABPFB-BOILER ABSOR!'IFD POWER<<j OE DfS!G'I ~AXl 26.4863 . 49.J9..LB. 
QABPFP-PSH ABSORBED POWER(% OF TOTAL DESIGN MAXI 7.777b 12.9676 
QABPFS-SSH ABSORBED POWER<% OF TOTAL DESJ~N MAX> 6.3256 10.5575 
OABPFT-TOJAL ABSORQED POWER!% OE IOJAI DESIGN MAX> 42-~90 73.3 17 

QRDINC-RATIO,REDIRECTED TO )NCIDENT POWER TOTALS> 

n...uu..s 
0.0329 
o.0266 

D.....l..bJ 

-~-----~-~----Q~AB_J N~(~-~8~A~I~l~Q~•~A~S~5.0B..B.ED TO 1 NC IDe:NI POW8L...IJl.ULS..l_ 
QABRD-RATIO ABSORBED TO REDIRECTED POWER TOTALS> 

0-523 
n...s:u 
o.9so 

0.115 
c.....20. 
0.960 

0•160 
c:-, 

0.980 

@ 
··s 

I --~ 
OABRRA-RATF OE CHANGf•BPII EB APSORpi:n PDWER<%(M!Nl C-249 0,419 0 • 09' 
QABPRA-RATE OF C.HANGE,PSH ABSORBED POWER (~/MIN) o.c65 o. 151 0.021 
QA85R-A-RATE OF' CHANGE,5SH ABSORBED POWEROI/MINl 0,053 0.121 0.011. 
OABTRA-RAlE OF CHANGE, TOTAf ABSORBED PO'tlER.L'V.M..lNL .. --~JbJ C .152 Q, 1 3 I 

TCAVl-CEILING TEMPEPATUREIDEG-Fl 
6-CAYJTY fl OOR JF1'1PERAIIIRE(QEG-El 

1563.8 
3C....t,. 

TOTAL AVALABLE DIRECT NORMAL E~ERGY(MWT-HRS)= 131.-079 

3l95.6 380.0 
396.0 380,0 

; 

'•·=·-~:?:=ti}"i:=·: 

Rf D I R FCT FD F NEl3 GY..~ . .HR.5..1 , TO TA I = . 15_. .9 9.JCILE.R.:. ~.~.1.5 . .251:!.:;..-1J.......8~U"'"'~J~G---=8 -8=?~-~----
AB SOR eED ENERGY(MWT-HRS>•BOILER= 43.59P5H= ll.90SSH= 9.68CEILl~G= 9.00FLCOR= 0.2~TCTAL= 74.45 
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© QH-BDILE~ HEAT INFUT 
A Gr6H-r6H HEAT INrUT 
+ Q56H-66H HEAT INrUT 
X QT-TOTAL HEAT INrUT 

~UN N0-~00 

40.00 BO.OD 

/ 

120.00 
TIME 

40703-II-3 

160-00 
(MIN l 

300-3 

200.00 



C, 
C) C) 

c:, 
C) 

c:, ..... 
('J ('J 

C, 
C) C) 

C, 
0 

c.D C, 
('J 

-
C) 

oo 
0 

c:, - . 
-0 

N c.D 

et::: 
::r:o 

C, -......': 
0 Llo 

IN 
CD a-

(f) 
w 

et::: 
D 

w 0 
1--o w~ wo . ' 1--o 
E~ (ICD ....... a:::: 1--
z w w ECJ 
Llo -~ CJ 

1--o 
CJ ~ . 

a... 
E 

CJ w 
0 1--0 . CJ 
'V . 
I _JCJ 

CI 
1--
WO 

CJ LCJ 
0 . 

CJ 
CD 'V 
I I 

c:, c:, 
CJ CJ . 
('J CJ .... CD 

1
0 .oo 

4-8 

Tr6nDOT-r6H METAL 
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SGS DRUM LEVEL DEVIATION 
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r• -DRUM rRE56URECMrAJ 
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Run No. 

Type of Run 

R'..ln Length 

Run Description 

4-16 

302 

Cloud Transient 

18 min 

W esternly approaching cloud entering field at 

t=3 min: 

Speed = 11. 4 Km/hr (7. 1 mph) 

Length = 1. 8 Km ( 1. 12 mi) 

Field Coverage: Entire field 

40703-II-3 



SUMMARY OF SPP PERFORMANCE (RUN NO 302.) 

SPP POWER LEVELS 

BTU/HR X l()il6 

AVG PEAK 
·. . 

. .GROSS SGS. I f'.IPUT POWER 6 7 • 7 65 . l4L>·. 738 

NET OUTPUT POWER OF SGS TO-

IQHL_ 

EGS 

TSS 

.6.Z...!t.3..6. 

. 48.735 

12.933 

--'---~-----'----w:.~.__r.ss POWER TO EGS .u..m 
EGS. GROSS GENERATOR OUTPUT(MWE>-::; 

14) .627 

99.727 

39.034 

~ 

. GROSS CYCLE HEAT RATEIBTU/KW-HRl= 

MWTH 

M.I1i A~G ·PEAK. 
'< 
o. l~-86 43~01 

-

-hllS. Ule30 He!H 

-0.000 ·14.29 29.23 

0.000 3 •. 79 11.44 

12.as Z6-45 . 

8.;110 ·10.22 

7126751 • i4914-

302-1 

MUI 

o. 

-1-Zfl 

· .;;o.oo 

o.oo 

· -a.on 
• 7.38. ·~ . 

o. 
TOTAi NFT ENERGY OEI IYFBEDIK!ii-HBS> SGStEGS 4J66,0 lJ05,5 ERON ISS 

. .... . . .· .... '. : .·. . . ..... ··. ""-':·-:.> ··.· ·/~ .:..": .... - ,·•.::';_ >-~-: ~<> :j:;0~ TOTAL RADIANT ENERGY IN=. 5792.,7KW-HRS,EFFICIENCYlNET :ENERGY C>UTfTOTAL:-iN)~'.~909i,'. . <)> 
NET CHANGE IN TSS ENERGY -2659.461KW-HRSl 

1 IOTA! . ELF4.EHER.Gl'. • 2,02(MN-HRSEI ~ -· ·•;; . 
•.\·\# MLI ONJNG'-uNIJS 

SGS PERFORMANCE AVG PEAK MIN ---------------4T~F~W=-~H-..P i;:w TEMP 387 • 0 399 • 3 371,3 TO..;DRUM TEMP . 596-9 · 614-6 5838 4. 
TPSHO-PSH TEMP OUT 775e6 798-3 750,4 -'----'-"------'----'-~-~---- tssHO,.SSK-tE!lR oor· 952 • 4 970.2 n1., · TPSHM-PSH METAL TEMP 806el 845,3 778e5 TSSHM-SSH METAL TEMP 976~6 1009,7 950.5 

~----PSH--MEl'AL. .T.EMP-AATE 61..A 3011.0 -2283,9 ' . SSH METAL TEMP RATE 76, 7 33.92.6 •1984.3 . 
PPSHO-PSH PRES.OUT 14.71.ie4 l630e6 - 13&0.7. 
PSSHO-SSH PRES.out 1443 • 2 1554.5. 1360.7 PD-DRUM PRES 1509e7 1713.1 1360 9 7 
DELTA DRUM LEVEL 2.29 5.61 -le58 --·--- -21:let,LCL,.lf2-NOLJ>.RES J 428e 6 J 520e4 1360,7 

• ~ <, 

ISS PERFQR~t,t.C:E---------------------------------------'-~----THHTC-HOT HITEC TEMP 850.0 850.0 850.0 
TCHTC-COLD HITEC TE~ 570.l 570.2 569.9 ___ · o.u.,_ ... ,U.UL-OU..-.If.M.F! ___ -4.19..9 480.0 • 19 0 8 
DDRUM-DELTA DRUM LEV O.l 0e4 -0,2 PORUM-DRUM PRESSURE 575e5 61108 560.3 ___ _._,pRaf-,,P.REHEAIER--IEMR~.11. 5 485 • 5 412 • 5 
TDSH-DESUPER-TEMP Oe O. Oe 



MISCELLANEOUS RECEIVER CAVITY TERMS 

OtU-DIRECT JIORMAL tN1'ENSITY t1<W/M.,;5Q> •. \ 
OINC-IN(tQENt AVAH.AALE POWER<•MI>' . 

QRDB-REDIRECTED POWER TO BOILERIMWTl 
QBDP-REDTRECTEP POWER TO P5ttlMWTl 
OROS-REDIRECTED POWER TO ·SSHtMWT) _ 
QRDC~REDlRECTEt) POWER TO CElllNG(MWT) , · , ·.

---'--- ~---~0-R-P~T-_l'.OTAL RfQIRECIEQ POWER IQ CAVI J'Y CMW'i f - ' 

QABB-ABSORBED POWER·ON BOILERCMWTI 
OABP~ABSORBEP POWER ON PSH(MijIJ 
QABS-Af!SORBED POWEA ON SSH Ut.VH 

.··• . QA5c;.tOTAL A&SORBEO. POWER ONTO CEh:tHGCMWTl 
OABF.;ToTAL ABSQRBEI) POWER ONTO CAYJIY IFLOOR<NVU 
CAST-TOTAL ABSORBED POWER JNTO CAVJTYIMWTl 

QABPEB-BCILER AB50RBEQ POWERII OF DESIGN MAX> 
OABPFP-PSH ABSORBED. POWER<1' OF' TOTAL DESIGN MAXI 
QABPFS-SSH AtJSO_RBED. POWER<I OF TOTAL DESIGN MAXI 
OABPET,;_TOTAL ABSORBED POWf'Bll OE TOTAL PESJGN MAXI 

QRDINC-RA-TIOoREDIRECTED'TO INCIDENT POWER TOTALSI 
OARINC-RATIO,ABSORBEP TO INCIDENT POWER TOTAi Sl 
QABRD-RATIO ABSORBED TO REDIRECTED POWER TOTALSI 

OABBRA-BAIE OF CHANGE~BQJJ ER, :AB508BFO PQWFAtl/MINi. 
~ QABPRA-:RATE OF CHANGEoPSH ABSORBED POWER('5/MINl 

6J ~::i:::::lU.f: ~~:~~~:i~~A~B:~~~~gE60=~:::~:~=~NJ 
~1}~~;; ,-~=· .. . - :·,, . \ 
'','.<- ,1. TCAVl•CElLING .. 'MPERATUREfOEG-.Fl 

. w TCAV6-CAYITY El QQR TEMPE8Aill8fl0,FG•EI 
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o.4529 
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7.2729 
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-o..oilil 
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-.o..,n,o,Q 

U.13.8 ,fd{W_ .· 

TOTAL AVALABLE DIRECT NORMAL ENERGYIMWT-HRSl= B.452 · 

,PEAK ·
o.~807-_- -

6ZeH61 . 

31.5154 
l.a.lli1 
5.:6700 

. ___ -,·.uo~. 
49e61QJ · 

29.9705 
L.Z.il8, 
5.7905'· 
5.3834 
o_._u_n 

48.5795 
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15.7487 
12.5823. 
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4-19 

(!) QB-BDlLER HERT INPUT 
A QP6H-PSH HERT INPUT 
+ QSSH-56H HERT INPUT 
X QT-TOTAL HEAT lNPUT 
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4-20 

(!) TPSMDDT-PSH METAL 
• TS5MDOT-55H METAL 
+ SGS DRUM LEVEL DEVIATION 

RUN ND.302 

302-4 

-"-+----------........ ------,~--------
10.00 4.00 a.oo 
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HM-PSH METAL TEMP, 
0-PSH OUTLET STEAM 
M-SSH METAL TEMP, 

-SSH OUTLET STEAM 

RUN ND,302 
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4-22 302-6 

(!) PD-DRUM PRES6URECMPAJ 

• WO-DRUM OUTLET fLDWCKG/HRJ 

+ WfW-FEEDWATER fLDWCKG/HRJ 
X WATTSP-ATTEMP. SPRAY fLDWCKG/HRJ 

RUN ND-302 

4.00 e.oo 12.00 16.00 
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(!) WSGD-6G6 OUTLET STEAM FLDWCKG/HRl 
A TSGD-SGS STEAM CUTLET TEMP.COEG-Cl 
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X PHPNCI-THRDTTLE PRESSURECMPAl 
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(!) CVHP-HP TURBlNE GDVERNDR VRLVECPUl 
A CVLP-LP TURBINE GDVERNDR VRLVECPUl 
+ WHPTI-HP TURBINE INLET FLDW 
X WLPTI-LP TURBINE INLET FLDW 

RUN ND,302 
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(!) QR-SGS RADIANT INPUT/5CMWTJ 
4 MME-GENERATED BUSBAR POWERCMWEJ 
+ EGEN-GENERATEO BUSBAR ENERGYCMWE-HRSJ 
X ETSS-CHANGE TSS ENERGY LEVELCMWT-HRSJ 
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Run No. 

Type of Run 

Run Length 

Run Description 

4-27 

303 

Cloud Transient 

18 min 

Cloud from West entering field at t=3 min: 

Speed= 11.4 Km/hr (7.1 mph) 

Length = 1. 8 Km (1. 12 mi) 

Field Coverage: North 1 / 2 

40703-II-3 
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SUMMAR.Y OF SPP PERFORMANCE ·. C-IWN NO. 303e) 

SPP POWER LEVELS 

BTU/}tR it 10i!t6 

----~---------'--~-- '---- AVG . . .. ~EA~' , MIN 
-,-,-~_=:?,·' 

. AY.G. 

GROSS SGS HlPUT POWER 106.068 146.738 11.110 31.09 

NET OUTPUT POWER OF SGS TO-

-~: 
~ 

43.01 

303-1 
' .. ,· ~. 

. .;;.- .,. 

All! 

20.86 

,_ ..c:.:Io.TAL .·• . 99.B25 160.426 53.452 ·· ••:· . · (i; • 29.26 ·-· . 47.02 · i,.;67 

EGS 77.596 95.847 52.924 22.74 28.09 15.51 

TSS J,:7.98' - ·. 56.235 .- OeOOO- · 5.2'1:- •'" 16 • .\8 (0.00 

.ttELUS_enWER TO EGS 15-315 37.JOi. -0.000 4_5£< · u.o,· ;\.c,.oo \-'l.;y .,, ,;< 

EGS GROSS GENERATOR OUTPUTIMWE1= 8.97 _9.71 1.21 

GROSS CYCLE HEAT RATECBTU/ICW-HRl= ,._ :.·'.·,::,:r;:;'.;l~;;~,~,-:,~;:ef16~I,t{}-:>•~;\ ½ : -- <,!'f:;1\t. 
TOTAi NET ENERGY PEI tYERFO{ICM-HRSl SGStfGS 6633~0 > to·rss - ' • l'S37;'3 -FRON ISS . . .. 

TOTAL RADJANT ENERGY IN= 

NET CHANGE IN TSS ENERGY 

I0I41 Elf( ENERGY GENfRIIfD; 

9066.8KW-HRS.fFFICifNCYINET ENERGY OUT/TOTAL lNJ:0.9006 

190.391KW-HRSJ 

Ze04(MV-HRSFl 

F0LI OWJNG 11NJTS IRE-DfG-FeDFG-FiHRePSJlelN 
{-~,~,;~••-'.-.\: >-v .;.<,; ,v~ ', '., .. ~;;~ :•.<\t.-~<::'•·.;.' •_· .. -. , 

SGS PERFORMANCE AVG . ..- PEAf:- . . ... ,-. "''" ... 
JEN-HP EN IFJIP 311.6 391;,9 <• • 37J el . 
TD~DRUM TEMP 601.4 615.8 590.5 
TPSHO-PSH TEMP OUT 919.9 1076.0 773.3 
~SSH IEMP DIil 913,6 993.B 949.2 
TPSHM-PSH ~ETAL TEMP 977.7 li49.4 •· 816.2 
TSSHM-SSH METAL TEMP 1026.0 1051,2 979.4 

-------- . ....2SH HEIAI .'IEl!U'....RAIE 286,4 3303.3 -5261.3 
SSH METAL TEMP RATE 44.8 1661.8 -1165.8 
PPSHO-PSH PRES.OUT 1513.8 1630.9 1425.5 

_____ pSSl:I0-:-..5..Sl:LPRE.5.-.DU.1- J 465e5 J 533 .;o I 4Jl -8 
PD-DRUM PRES 1558e7 1728.1 "1435.6 
DELTA D~UM LEVEL 3.09 6.33 -0.45 

-----~P~H-P~H-..C .... I-=-HI>. NOZ PRES 1444,3 1.5.03-0 ·- 1402-!t 

___ .I.S5_P.EREORHAH~C~E----------
THHTC-HOT HITEC TEMP 850.0 850.0 850.0 
TCHTC-COLD HITFC TEM 569,8. 570.0 569 • 5 

<::'"":·_ 

---~OIL-MAIN... DlL.J£Me___ 419. an.a _ _:4._JL.;9 ...... a.__ __ ~_ 
DDRUM-DELTA DRUM LEV O.O O.l -0.2 
PORUM-DRUM PRESSURE 573 0 1 583.8 565.1 

_____ IPR~EREHEAIE!LIEMP- 418.-.6.. ___________________ !t.8J. ___________ ~I5.._L_ 

TDSH-DESUPEP-TEMP 0 0 o. o. 

.;.,•·• 
.-,: GI 



Ml'SC£LL,AH£0U5_.R£CUVER (AV.JtY TER,.S 

DNI-DIRECT NORMAL JNTENSITYCICW/14-SQI, 
QJNC-JNCIQFNI AVAJ! ARIE PQWERIMWT) 

OR-OB•REDIRECTED POWER TO BOILER IMWTJ 
- OBDP•BfPIRfCTFQ POWER' TO PSH IMWU 

OROS-REDIRECTED POWER TO SSHIMWTl 
QRDC•REDIRECTED POWER TO CEILINGIMWTl 
QBDI-TQIAI _ REDIBFCIEQ PPWER TO CAYJIYO!IHI! 

OABB-ABSORBE!) POWER ON BOILER tMWTl 
----------- QABP-ABSORB.ED POWER QN; PSH(MWTJ 

CABS-ABSORBED POWER ON SSHCMWT) 
QABC-TOTAL ABSORBED POWER ONTO CEILINGCMWTI 
QABE-JOJAI AB5086EO PCWER QNto CAVJTY El QPR IMWTI 

. OABT•TOTAI.. ABSORBED POWER INTO C-AV_ITY<.MWT_> 

-------,-------------~Q~A~BPFB.~BOU EB ABSORBED POWER II\ 0E DESIGN MAXI 
QABPFP-PSH ABSORBED POWER IS OF TOTAL DESIGN MAXI 
QABPFS-SSH ABSORBED POWERIS OF TOTAL DESIGN MAXI 
QA6-PEI-IPIAI AB50BBEO PQWfR l'f, OE IOIAI _Df5JGN MAXI 

-~ 

QROINC-RATIO,REDIRECTED TO INCIDENT POWER TOTALS>. 
QARt-NC-RAII0•4BSQRSED IC INCIDENT pOWER IDIAI S> 
OABRD-RATIO ABSORBED TO REDIRECTED POWE~ TOTALS> 

AVG 
0.7351 

46.9867 

19.9739 
. _6_._4.QM_ 
5.5725 
5.2304 

31.1854_ 

19.1147 
6....3..lil 
5.599.7 
5.2508 
.D......l.3D2 

36.4698 

41 _,5344 
13.8503 
12.1676 

6..1.....5..5.2 

o. 791. 
D.:..1.ll 
0.981 

< 

PEAK 
0.9807 

6Z-6863 

31.515'>· 
Iol:U3 
5.6700 
502304 

49.61Ql 

29.9T05 
102ua 
5.7905 
5.3834 
DolB13 

48.5795· 

f15.lZ3Q 
-15.7487 
1205823 
93-454 

0.-791· 
0.12a 
00983 a . . 

1 . QARRRA-RATF OE (HANGE•BDII ER ABSORBED POWE81%/MJMI a.aoo 28,630 = . \ '0ABPRA•RATE OF CHANG.EtPSH ABSORBED POWFR(li/MINI -0.000 4e3Z• 
-J., OABSRA-RAJE OF CHANGF,SSH A8SORBED.,POWERtli/MINI •0,000 - --- , 
. - . 04BIRl•RAIE QF CHtNGE•TOU.L. AR$0RBEO PONERllfMJHl · o.oOO 

u • .,--,~ 

TCAVl-CEILING TEMPERATUREIDEG-Fl 
ICAY6-CAYIIY Fl DOR IEMPERAT11RE !DEG-El 

1264.8 
,...65.L.2. 

TOTAL AVALABLE' DIRECT NORMAL ENERGY (MWT-HRSI = 13. 718. 

33.929 

1547.l 
652 3 

303-2-
MIN 

o.5243 
33.5150 

lOo07<>2 
~-nu 
5.4888 
5.2304 

Z6o5Z39 

907995 
5o62!t4 
504360 
5.1369 
o.oa1a 

26.:0T.86 

Zla2i33 
12.2213 
11.8118 

45.326 

0.791 
0.125 
0.979 

-28.65{1 
-4o3Z8 
-0.975 

' -33.958 

982.8 
650ol 

-. REDIRECIED ENERGY lft4WI-HR5l ,JOio1 = JQ.86BOII ER- 5.83PSH- J 81SSH= I o63CEJLJMG= J 0 53 
ABSORBED ENERGYIMWT-HRS>,BOILEP= 5o58PSH= l.86SSH= lo63CEILING= l.53FLOOR= 0.04TOTAL= 10 0 65 
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EG6 FW OUTLET TEMP, 
T66 ORUM LEVEL 
TS6 FW INLET FLOWCKG/HRJ 
TSS ATTEMPERATOR FLOWCKG/HRJ 

RUN No.,o3 

303-3 

a,-t------r------------.~----....----"'b.oo 4 .oo 8 .oo 12.00 16,00 

40703-II-3 TIME CMINl 



4-31 303-4 

(!) TSS OUTLET STEAM PRESSURE 
& TSS CUTLET STEAM TEMPERATURE 

+ TS6 OUTLET FLOW 
X TSS CHARGE STEAM FLOW 
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0 0 0 . 0 0 
0 
GD 0 CD 
CN CD -

RUN NC.303 
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C c,o I: 

- I w~ -o 
a::::o 0 

:c~ • o I ........ Wcc 

' a::: 
C!) 

IJ..J 
:::) 

~ a::: (J) 

-o :::)0 
(J) 

0 ,-o Wo 
3• a:o a::::o 
00 Q_ I 

_JCD a::: en CD 

LLJ LL a_ 
J:: 

C IJ..Jo 
0 I-~ 0 . 0 
0 0 .. (\I • 

0 
0 0 0 
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40703-11-3 
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Run No. 

Type of R:m 

Run Length 

Run Description 

4-32 

304 

Cloud Transient 

18 min 

Cloud approaching from West entering field 

at t=3 min: 

Speed= 11. 4 Km/hr (7. 1 mph) 

Length = 1. 8 Km ( 1. 12 mi) 

Field Coverage: South 1 / 2 

40703-II-3 



-• . .--.-r-fi ,· . ~ 
I 

"'1 

SPP POWER LEVELS-

GROSS SGS INPUT POWER 108.435 

, ;>;';i'J,zi 
EGS 90.287 

SUlll~ARY,OF.SPP PERFORMANCE. '(RVN ltQ. 30• .t 

';HM< 
146.738 

114.636 

Ill.ft 

75.,568 

72.31-3 

..... 

AVG 

31.78 

, MWTH 

UM 

43.Ol 

MM 

22.1.5 

'29·.oo ; · u~,~f · 2:1~2,r 

26.46 33.60 21.20 

J04;.I 

,:-

·•·•··~~\·,S:,.,e~-'10:,·ss;;?01'.~~~;::.,~i:,•:;:=:•·.•· ···•·•~::.::: ,2.•s.. .10.64 -·•·· ... ·o.oq·;·' 
.t_n· f.c44 -o.6CY'-

EGS GROSS GENERATOR OUTPUTCM~E1=· 0.16 -9.48 8.44 

GROSS ~CYCL.£;).HE~t, BATE'f8TU/KW•HR> = .: 
"• • • • •• ', ' •• ,.C-'•✓• ~ • -: •:-• •• '. .~. • • • • • • ••••• • • •:. •• .. ':.,·. ,, __ . . ._· .11769924;; ;14761.. 8S67 • 

TOtAL. NFT ENERGY Pf1:'tVFRED-~KW-HRSi .. $GS/EG$•;(;' ' 11it., ' 'TO 1$5 715.4 ·. FR()M TS$ 
TOTAL RA~IANT ENERGY IN= 9269.2K'W-HRS.EFFICIENCYINET ENERGY OUT/TOTAL IN>=O.9O92 

ftE f OJJ\ftlGE ·• . I~ TSS-EftER~Y · ___ • , ,, ••- ,• - ..,9ji42:(1i:W-.AAS),;' · 

;•.·1o:r:A('c;:\1 i:E tNf'RGf GE1E:ff'A.IEU•>•::y;. <i~•1~s,,··· 

SGS PER~MANCE . . .. , •·1J,C: .. -. _ ,_,; : }~t~. -. MIN·_. 
IFW-f'IP EW IEMP ' ;J - 390~8 -4 JO, 0' '04, 3 
TO-DRUM TEMP 60309 612.4 597.7 
TPSHO-PSH TEMP OUT 705.8 781.3 633.1 
T55H0-55H TEMP 0lll 823,3 959, J 616,8 
TPSHM•PSH M£TAL TEMP J35.o5 · 825e5 61t8o6 ' 
TSSHM-SSH METAL TEMP 84lt.8 996.3 685.6. 
P5H METAi IEMP RATE- 2.e 3938,3 •3461,2 
SSH METAL TEMP RATE 23.6 5016.3 -3952 00 
PPSHO-PSH PRES.OUT 1532.7 16O5.O 1482.2 

-----'----"P:..51...5u:Hu.0=-55H PRE5,QIII 1484,0 ]535.9 J45],3 
PD-ORUM PRES 15.86.3 1686.3 1515.O 
·oELTA ORUM LEVEL _ o.36 1.30 -1.13 

______ .PHPJ'lCl.,,,HP_.lilOZ PRES . l 4Sri,o l 482. I )426,0 

TSS PERE0RMAN(f 
THHTC-HOT HtTEC Tl;MP '850.0 sso.o eso.o· 
TCHTC-COLD HlTEC TEM 56909 570.O 569. 7 

_, _to1L,-_MA1JL0II TEMP· -. 479:.9 480,0 479.9 
DDRUM-DELTA DRUM LEV O.O, O.l -0.2 
PORUM-DRUM PRESSURE 57206 583.6 564.7 
TPRfH-P8EHfATE8 IEMP ~19e4 481,o 411,4 
TOSH-DESUPER-TEMP ,_Oec<, . O. Oe 



-.,....:.---------,---~-~------_;_-------------------~----·------· ----'---------:--
MISC£LLANEOUS:RECEI~e'.R CAVIT'Y TERMS 

ONI-DIRECT NORMAL INTENSITYIKW/M-SQl, 
--,'-----:,------,,.!llt!C_.::JNCIDENT AVAIi ABLE POWER IMWT> 

AVG 
· o.6985 
~~ 

OROB-REOIRECTED POWER TO BOILER OIWU 26.0958 

PEAK 
o.9807 

62a6863 

~l.5154 
--~-·-- QBOP~.RED.IREt_T_ED_~OWER TO PSH < "4W.I"----'--~------:_h_Ull!_l,,__ __ _ 

OROS-REDIRECTED POWER TO SSHIMWT) 2.7159 
_7_.J~-3 
5.6700 

ORDC~REOIRECTED.POWER TO CEILINGiMwT> 204155 
--------'------~Q~R~P-'-"'I-lOTAL REDIRECTED POWER To CAVITY<MWTI 35.3353 

QA.BB-ABSORBED POWER. ON SOILERIMWT> 24.6965 
OABP=-AB.SQRBE~.f.lLQtLP SH C MWTI - 4 • 2 208 
0ABS-ABSORBED POWER ON SSH I MWT) 2·. 8650 
QA.BC-TOTAL ABSORBED POWER ONTO CEILING(MWT) 2.6188 

. QABF-TOTAL ABSORBED POWER ONTO CAY!TY ELOORCMWT) Oal432 
(?ABT..;TOTAL · ABSORBED_ POWER HI.TO. CAVITY lMWTl 34.5443 

---- -~------- ---~-~---°ABP~BOILER ABSORB£!) POWERl'I OF DESIGN MAXl 
QABPFP-PSH ABSORBED POWERIS OF TOTAL DESIGN MAXI 

_QABPFS-SSH ABSORBED POWER(% OF TOTAL DESIGN MAXI 
QABPET-TOTAL ABSORBED POWFRCI OE TOTAL DESIGN MAX> 

QRDlNC-RATIO,REOIRECTED TO INCIDENT POWER TOTALS> 
-"--'-~._. _ _:__-'------~~----QABlNC,-...RAllO,ABSORBED TO INCIDENT POWER TOTAi SI 

QABRD-RATIO AB~ORBED .TO REDIRECTED POWER- TOTALS) 

;_\:··. 

QABBRA-BATE OF CHANGE,8011 ER AR50BBED POWER Cl/MIN> 
OABPRA-RUE OF CHANGE•PSH ABSORBED POWER11i/MIN) 
QABSRA-RATE OF CHANGE •S$H ABSORBED.- POWER f!i/MI Nl 

~~-~-------------QABIRA~RAIE....QE. CHANGE,IPIA! ABSORBED POWFRCI/MJNI 

TCAVl-CEILING TEMPFRATUREIDEG-F) 
TCAV6~CAYIIY FlOQ8 IFMPERAJ!ffiE<DEG-E> 

53.6632 
9.1713 
6.2253 
!d.a.0.6.0. 

-0.191 
0.Jll 
0.977 

-a...o.o.Q 
0"'000, 

-0.000 
n..:o.a.o. 

1090.5 
6.il.L2 

5.2304 
49.6101 

29.9705 
.1...2..!.111 
5.7905 
5.3834 
a.un 

48.5795 .. 

6S~i230 
15.7487 
12.5823 
93.454 

0.191 
:0...115 
00980 

14e9S4 
11.17.6, 
U.385 
2.h.122 

1264.0 
652.5 

)04-2 
MIN 

o.4564 
29.1713 

21.4452 
1.~599 
0.1811 
o. 

23a0863 

20.1110 
le6Z33 
o.3546 
o.21t65 
llelPH 

-. 22.5009 _ 

43i,ll29.1' 
3.5273 
0.1105 
48.127 

o. 791 -
0-111 
0.975 

-14.284 
-11- 1J'6 
-lle385 
-25-129 

982.8 
650-1 

TOTAL AVALABLE PiRECT NORMAL ENERGY CMWT-HRS"l = 1).035 · . 
REfURECIED ENERGY(MWT-HRSl ,ICUI = JOe32B0lJ ER= 1-62PSH= l.20SSH: 0-19CEII ING• 0.71 
ABSORBED ENERGYIMWT-HRSl,BOILER= 7o21PSH= lo23SSH= Oo84CEILING= 0.76FLOOR= Oo04TOTAL= 10.09 

,fl! 
~i, 
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4-35 304-3 

(!) AVAILABLE JNCJOENT SOLAR POWER 
4 REOIRECTEO SOLAR PDMER TD CAVITY 
+ TOTAL SGS RBSDRBEO PDMER 
X SGS ABSORBED PDWERCZ Df AVAILABLE) 

"UN N0.!J04 

• 
C 

..., ____ ..., _________________ _ 
9j.oo 4.00 s.oo 12.00 16,00 

·· 40703-II-3 
TIME CMINl 
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4-36 304-4 

REDIRECTED SDLAR roWER TO CAVITYC1. Of AVAILABLE] 
BOILER INCIDENT roWERCZ Of CAVITY INCIDENT) 

PSH INCIDENT POWERCZ OF CAVITY INCIDENT) 
SSH INCIDENT roWERC1. Of CAVITY INCIDENT) 

CEILING INCIDENT POWERC1. OF CAVITY INCIDENT) 

RUN N0.3D4 
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4-37 

(!) OB-BOJLER HEAT JNPUT 
A gpsH-PSH HEAT JNPUT 
+ gssH-65H HEAT INPUT 
X QT-TOTAL HEAT INPUT 

RUN N0.304 

304-5 

·.-l---....l::::;::::::l:::::::::::::::1=::;t::=::t:::=:::::__._ ___ ..-__ 
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4-38 

Ql TP5MDDT-P5H METAL 
A T65MDDT-66H METAL 
+ 5G6 DRUM LEVEL DEVIATION 

RUN No.,04 

304-6 

cr,-+------r------r-----..-------r--_.;;....-
10.00 A.DO 8.00 12.00 16.00 

40703-It-3 
TIME (MIN) 



4-39 304-7 

(!) TP6HM-PSH METAL TEMP. 
A TPSHO-PSH OUTLET STEAM 

+ TSSHM-SSH METAL TEMP. 
X TSSHO-SSH OUTLET STEAM 

0 
0 . 
0 
-.:r 
CD 

0 
0 . 
I.I) 
0) 
Ln 

RUN N0.304 
0 
0 . 
0 
lD 
Ln 

0 
0 ........ . 

ul.J) 
I~ 

CJ 
w 
Do 
-o 

• wo 
a::~ 
::::> .,._ 
a: 
0::0 

w~ 
(LID 
:i::-
w• .,._ 

0 
0 . 
0 
r--
Cr) 

0 
0 
• 

ID 
C\I 
Cr) 

0 
0 . 
0 
GD 

"b.oo 4 • 00 e.oo 12.00 16.00 

40703-II-3 TIME CMINl 



0 
0 0 

• 0 
0 ..,. 
CD 

0 
0 . 
0 
CD 
lD 

0 
0 . 

0 
0 
• 

0 
N 0 o..,. -• 

0 
0 - . 

0 
0 
• 

0 
w .... 

0 
0 . 
0 
(D 

0 
0 
• 

0 

C\I -
0 
co 
.... -
0 
CP 

.... -
0 ...,,. 
.... -.... 

a: 
CL 
l:: 
-o 

C\I 

0 
CD 

0 .... 

0 
CD 

0 .... 

4-40 304-8 

(!) PD-DRUM PRE55URECMPAJ 
& WO-DRUM OUTLET FLDWCKG/HRJ 
+ WFW-FEEDWATER FLDWCKG/HRl 
X WATT5P-ATTEMP. SPRAY FLDWCKG/HRl 

RUN ND.304 

4 .00 8 .oo 
40703-II-3 

12.00 
TIME 

16.00 
CMINl 



4-41 304-9 

(!) MSGCJ-6G6 OUTLET 6TEAM FLOMCKG/HRl 
A TSGO-SG6 STEAM OUTLET TEMP.COEG-Cl 
+ P6GD-6G6 OUTLET PRES6URECMPA1 
X PHPNCI-THROTTLE PRESSURECMPAl 
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4-42 304-10 

CVHP-HP TURBINE GOVERNOR VRLVECPUJ 
CVLP-LP TURBINE GOVERNOR VALVECPUl 
WHPTI-HP TURBINE INLET FLOW 
WLPTI-LP TURBINE INLET FLOW 

RUN N0.304 

...,. ________ 'r-----------.---_,_--il"-........1-----
4·.00 a.oo 12.00 16.00 

40703-II-3 TIME (MIN) 
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4-43 304-11 

(!) "MDE"-MfGAWATT DEMANDCP.U.J 
A P6G6T-TDTAL 6G6 NET PDMER DELIVERED 
+ ESG6T-TDTAL 5G6 NET ENERGY DELIVERED 

RUN ND.304 

. .... '-----------....---------...... ----4.00 a.oo 12,00 16,00 
40703-II-3 TIME C MIN l 
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4-44 

(!) "cs INTEGRATED MEGAWATT ERROR 
A MC6 INTEGRATED PRESSURE ERROR 
+ T66 STORAGE OUT COMMAND 
X T65 STDRAGE IN COMMAND 
~ TURBINE GOVERNOR COMMAND 

RUN N0.304 

304-12 

4.00 e.oo 12.00 16 • 00 

40703-II-3 TIME (MINl 
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4-45 304-13 

(!) QR-6G6 RADIANT lNrUT/5CMWTJ 
4 MWE-GENERATED BU6BAR PDWERCMWEJ 
+ EGEN-GENERATED BU6BAR ENERGYCMWE-HRSJ 
X ET55-CHANGE T56 ENERGY LEVELCMWT-HRSl 
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~ EG6 FW OUTLET TEMP. 
A T66 ORUH LEVEL 
+ T6S FW INLET FLOWCKG/HRJ 
X TSS ATTEMPERATDR FLOWCKG/HRJ 
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4-47 304-15 

(!) T66 OUTLET 6TfAM r'RfS6URf 
A T6S OUTLET STEAM TE,,r'ERATURE 
+ T66 OUTLET FLOW 
X TSS CHARGE STEAM FLOW 
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Run No. 

Type of Run 

Run Length 

Run Description 

4-48 

305 

Cloud Transient 

18 min 

Cloud approaching from West entering field at 

t=3 min: 

Speed = 21. 9 Km/hr ( 13. 6 mph) 

Length = 1. 8 Km (1. 12 mi) 

Field Coverage: North 1 / 2 

40703-II-3 



SQMMARY QF SPP PERFORM_ANCI; 

SPP POWER LEVELS 

•.Ali 
BTUIHR: X '10~.ti. 

~ 

GROSS SGS INPUT POWER 125.589. 146 • 738 

. f<JEl ®T~T •· ~Wilt 0£' ::$6S TO.i·• " . ;T-~L ··.·. . : . :i i~:t11r : 
EGS 85.000 96.688 

, TSS . 28 .. 9,1;8··. 53.0.51 

~ 8~69'f'' 39.748 

EGS GROSS GENERATOR OUTPUT(~WE1= 

MIN·· 

71 • 170 

50.318 

0.001 

-0.009 

H~UN NO )05.~1··· . ~l 

AV§ 

36.81 

34.27 
24.91 

a.48 
2.55 

8.97 

'13303710. 

.MWTH 

· P.fAK. 

43 • 01 

MIN 

20 • 86 

46.20:~ . 1416-f; 

28.34 

15.55 

11.65 

9.90 

·14. 75 

o.oo~ 

-o.oo 
7 • 85 

GRO~S CY<l,E .!1EAT · RATElijflt/~tf:-HRI: 

:;: To~.A1.. NET. ENE~G~ PELtviri~o ntw-w~5l 5GsiE&s ·· 
.. _ , , 

Jo TSS 

16053• _ - S863f 
,:-:: .. \;,, . 

2472.0 FROM TSS 

I 
w 

TOTAL RADIANT ENERGY IN= 

NET CHANGE IN fSS ENEll<iY . 

TOTAL ELEC. ENERGY GfNfRAifD:=· 

l0735 • 6KW~HRS • fFFIC[ENCYINET ENERGY OUT/TOTAL INl=0.9065 

-1670 • 94 (KW-l;RS> 

SGS PERFORJ4ANCE AVG - PEAK - MJ'N 
-'---"-~----'----"----'----IEW-:HP FW TEMP. l16•5 39la9' 311.7 

· TD-CRUM TEMP 605 • 5 614.4 589 • 8 
TPSHO-PSH TEMP OUT 845 • 6 9J8 • 2 773.3 
TSSHO-SSH TEMP QUT 964e6 993.o 949.2 
TPSHM-PSH METAL TEMP 896 • 8 ·.· lOi.5._l 816 • 2 
TSSHM-SSH METAL TEMP 101.0 • 2 . 1052.4· 919.4 

------~~-.c;..,tLME.lAL_TEMP RATE 19• J . 3548.0 -4115eI 
SSH METAL TEMP RATE 33 • 7 1732 • 1 -1119 • 9 
PPSHO-PS~ PRES.OUT 1544 • 0 1616 • 2 1418.5 

_______ _,_P~5=5=H=O-...S.SH PRES.OUT 1479.2 1523.3 1405.6 
PD-DRUM PRES 160.6 • 7 1711.3 1428.3 
DELTA DRUM LEVEL le!i3. 7.58 .;.l.03 

___ PHPNC!.tiieJolQLeRES 1453.9 1492.6 l39T.l 

TSS PERFORMANCE 
THHTC-HOT HITEC TEMP 850.0 850.0 850 0 0 
TCHTC-COLD HITEC TE~ 569•9 570.0 569.8 

____ TOlL-MAlN Oil TEMP 4?9.9 480.0 479.9 
DDRUM-DELTA DRUM LEV O• l 0 • 3 -0 • 2 
PORUM-DRUM P~ESSURE 581 • 3 589 • 6 560 • 6 

__ Te.REH-PRF,_1:iEAifR_I~P 479 7 481 6 475 0 
TDSH-DESUPER-TEMP 0 •· O• Oo 

~ 



Ml SC!;'.LLANEOUS RE'CE I VER CAVITY TERMS 305-~ 
--- ----- 7 · . AVG PEAlt MIN 

DNl"'.OIRECT NORMAL INTENSITY<KW/M-SQ), 0 • 8530 0 • 9807 0 • 5243. 

________ _,,Q,_,.NC-INU~EJH AV~ILABLE POWER (MWTI 54 1 5226 62d863 33 9 5150 

QRDB-REDIRECTED POWER TO BOILERIMWTI 2505138 31.5154 l0.0702 

_ Q_BC>P-REDIRECTED_ POWER TO PSH <MWTI . . 6 • 7858 7 • 1943 5 • 734:e...4.,__ __ 

aRDs-REDIREcT-Eo -PoliE-R To-sSH<Mwfr.-- 5 .6193 ·5.6100 5 • 4888 

QRDC-:-REDIRECTED POWER TO CEILING(MWTI 5 • 2304 5.2304 5.2304 

-~-·---~----~ . QRO.L-:-_I_QHL_g_~IRE(IED pOWER TO CAVITY <MWJ) 43,1494 49,6101 26,5239 
- . . :.' / 

0ABB~ABSOR8EO POWER ON BOILER (MWH 24 • 3255 . 29.9705. . / 9.7995 

--· · __QA6p-ABS..OJUlELP_ID!ER ON PSHOt'(TI . · · 6·,.79,4 · 7.2478 · 5.6Z4't 

, QABS-ABSORBEO POWER ON SSH(MWT) 5 • 6913 5.7905 5 • 4360 
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________ _9A8f~JQT~-~.BJ!_ED___E.PWER ONTO CAV!.IL£.LOQRJ.MWl> 0,1578 0,1873 0.0818 
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' ! 
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______________ ___,._QA.aPET~I.QJAL_~BSQRBED POWER 1'1, Of TnTAL DESIGN MAXI 79,985 93,45~ 45,326 

~--------~----------~- ---·-·--g:g~f::~ng:;~~A:~~~E~o T~Ni~g~~~N~o:~=~J~l~~S) _ g:;;! . g:i;~ g:J;! 
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VJ ' 
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-----~-QABJ.RA,,.RAILOL.CHANGF,IOIAI ABSDRBfQ POWER (4/MJNJ 

TCAVl-CEILING TEMPERATUREIDEG-FI 
,._. _______________ ICAV6-CAY JTY El OQR IEMPERAil!RE CDEG-E I 

-.0...MQ 
.-0.000 
-0.000 
~ 

. 1266.3 
..ill,J 

lla.0.5.4. 
a,.316 
1.874 

.65...2:ll 

1554.0 
~ 

TOTAL AVALABLE DIRECT NORMAL EN~RGY (MWT-HRSI: 150918 ': . . 

-~ 
~8.:¼17, 
-1.874 

-65.257 

982.8 
6.5.0.a.l 
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4-51 305-3 

~ AVAILABLE INCIDENT 60LAft POWER 
4 REDIRECTED SOLAR POWER TO CAVITY 
+ TOTAL SGS ABSORBED POWER 
X SGS ABSORBED POWER(?. OF AVAILABLE) 

RUN N0.3D5 
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REDIRECTED SOLAR POWER TO CAVITYCY. OF AVAILABLE) 
BOILER INCIDENT POWERC7. DF CAVITY JNCIDENTJ 

PSH INCIDENT PDWERCY. DF CAVITY JNCJDENT1 
SSH INCIDENT POWERCZ Df CAVITY INCIDENT) 

CEILING INCIDENT POWERCY. DF CAVITY INCIDENT) 
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~ QB-BOILER HEAT INPUT 
4 QP5H-P5H HEAT INPUT 
+ Q55H-SSH HEAT INPUT 
X QT-TOTAL HEAT INPUT 
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4-54 

(!) TPSMDDT-PSH METAL 
A T66MDDT-66H METAL 
+ SGS DRUM LEVEL DEVIATION 
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(!) TPSHM-PSH "ETAL TEMf. 
4 TPSHD-PSH DUTLET STEA" 
+ TSSHM-SSH "ETAL TEMP. 
X TSSHD-SSH OUTLET STEAM 

RUN ND.305 
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(!) re-DRUM PRE66URECMrR1 
4 WO-DRUM OUTLET fLDWCKG/HRI 

+ WfW-fEEOWRTER fLDWCKG/HRI 
X WATTSP-ATTEMP. SPRAY fLDWCKG/HRl 
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(!) W6G0-6G6 OUTLET STEAM fLDWCKG/HRJ 
4 TSGCl-666 STEAM OUTLET TEMP.CDEG-Cl 

+ PSGD-SGS OUTLET PRESSURECMPAl 
X PHPNCJ-THRBTTLE PRESSURECHPRJ 

RUN ND.305 
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~ CVHP-HP TURBINE GDVERNDR VALVECPUJ 
4. CVLP-LP TURBINE GOVERNOR VALVECPUJ 
+ WHPTI-HP TURBINE INLET FLOW 
X WLPTI-LP TURBINE INLET FLOW 
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(!) nWDEM-MEGAMATT DEMAND(r.u.1 
& PSC5T-TDTRL 5C5 ~ET rDWE~ DELTVEftED 
+ ~SGST-TDTAL SGS NET ENERGY DELIVERED 

RUN N0.305 
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(!) "C6 JNTEGftATED MEGAWATT EftftOR 
a. MC6 INTEGRATED PRE66URE ERROR 
+ T66 STORAGE OUT COMMAND 
X T66 STORAGE JN COMMAND 
~ TURBINE GOVERNOR COMMAND 
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QR-SGS RADIANT lNPUT/5CMWTl 
MME-GENERATED BUSBAR PDWERCMWEJ 
EGEN-GENERATED BUSBAR ENERGYCMWE-HRSl 
ETSS-CHANGE TSS ENERGY LEVELCMWT-HRSl 
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4-62 

(!J EG6 fW OUTLET TEMP. 
A T6S DRUM LEVEL 
+ T66 FW INLET FLDWC~G/HRJ 

305-14 

X TSS ATTEMPERATDR FLDWCKG/HRl 
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4-63 305-15 

TSS DUTLET STEAM PRESSURE 
TSS DUTLET STEAM TEMPERATURE 
TSS DUTLET FLDM 
TSS CHARGE STEAM FLDW 

RUN N0.305 
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e.oo 12.00 
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Run No. 

Type of Run 

Run Length 

Run D~s cription 

4-64 

306 

Cloud Transient 

12 min 

Cloud approaching from West entering field at 

t=3 min: 

Speed= 21. 9 Km/hr (13. 6 mph) 

Length= 1. 8 Km (1. 12 mi) 

Field Coverage: South 1/2 

40703-II-3 
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~ AVAILABLE INCIDENT SOLAR POWER 
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REDIRECTED SDLAR POWER TD CAVITYCY. 
BOILER INCIDENT POWERCY. DF CAVITY 
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SSH INCIDENT PDWERC1. DF CAVITY 
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QB-BDILER HERT 'NPUT 
~PSH-PSH HERT TNP~T 
~SSH-SSH HERT INPUT 
QT-TDTAL HEAT INPUT 

~UN "'110.306 
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(!) TP1it1DG I -PCiH ME rA1 
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+ SGS DRUM LEVEL DEVIATION 
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4-71 

TP6HM-PSH METAL TEMP. 
TPSHD-P6H OUTLET STEAM 
T55HM-5SH METAL TEMP, 
T55HD-65H OUTLET STEAM 

2.00 4.00 6.00 8.00 10.00 
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~ r •-• RUM rRES5URECMrAI 
4 W•-•RUM OUTLET FLDWCKG/HRI 
+ WFW-FEE•WATER FLDWCKG/HRI 
X WATTSr-ATTEMr, srRAY FLDWCKG/HRI 

RUN ND,306 
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~ CVHP ~r rJR8JNt rDVtRNDR VR1 VtCr~J 
4 CVLP-LP TURBINE GOVERNOR VRLVEcru1 
+ WHrTI-HP TURBINE INLET FLOW 
X · WLPTI-LP TURBINE INLET FLOW 
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MWDEM-MEGRWRTT DEMRNDCP.U.J 
P6G6T-TDTRL 6G6 NET PDNER DELIVERED 
E6G6T-TDTAL 6G6 NET ENERGY DELIVERED 
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m ~C6 lNTEGftATED MEGAWATT EftftO" 
A ncs lNTEGftATED rftES6URE ERROft 
+ T66 STORAGE OUT CDftftAND 
X T66 STORAGE IN cannAND 
~ TURBINE GDVERNDR CDMMRNO 
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(!) gR-6G6 RADJANT JNPUT/5CMWTJ 
A ~WE-GENERATED 8U68AR POWERCMWEJ 
+ EGEN-GENERATED 8U68AR ENERGYCMWE-HR6J 
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Run No. 

Type of Run 

Length of Run 

Run Description 

4-80 

307 

Cloud Transient 

12 min 

Cloud approaching from West entering field at 

t=3 min: 

Speed = 32. 9 Km/hr (20. 4 mph) 

Length = 1. 8 Km ( 1. 12 mi) 

Field Coverage: Entire Field 

40703-II-3 
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SUMMARY OF SPP PERFORMANCE CRUN NO. -307 • 1 . . 
-,>;)d,-f' 

----'--·--- ·--·--------------------------------------'----'-----'-''----'-----------~ 
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o. 

-.Ll.12.· 

-0.000 

30.80 43 • 01 o. 

'.; .. ·<-t,;•:''" ·. . . ........... t:)'.{;?::if}:': ;;';. 
28.13 · , 41.58 ·-1.2~ 

20.96 29.07 -o.oo 
~.89 _. u.42 .0.09: 

.}."·. ·: 

6.36 . • 25,97 -o.oo .. ·· 
8 • 86 11.22 6 • 44. 

J204:04S., _l47io. 

4012.9'· ·10:ru· llli.Jt 
TOTAL RADIANT ENERGY IN= 59Q6 • 6KW-HRS • EFFICIENCYINET ENERGY OUT/TOTAL INl=0.9037 ,,. ., .. -. -- . ; ::A::::-::-:=:Ta,: .... 7?~

68::::::~Rsn~< -.l <'.:,t:~;- .~:,:~;::.\·{~~~~~~i;~2 2~;h~[1;:rf~: 
I 

\,a) 

' FOi LOWJNG 
., ·:· ·-~.< ~ <· ·(:'.'-_ , :< .. ,.'' _<--~:-. -.-'·s . . . < :; ·=>)i\~,k,:_J>C·:"\:ir .;{-,::.' ·, ., .. ,ij})\.'.:' .:-·· ' . }_- -~ \·-)tft\½iJl½'.>~~.tit:%!·<-' _:. SGSPERFORl'tANCE . AVG P£AK:·· , ... , ···Ji1:iii··.<· <-.t·"->,•.•,-· .. 

------'-'--'------'-----"'"--'-----_._...~ILWP 3Al.2 .. ·.· 397.8 368~6 
TD~DRUM TEMP 602 • 5 612.5 582 • 0 
TPSHO-PSH TEMP OUT 777 • 8 794.6 749 • 6 

.,.,,......,..,..--...,----------,---~~·S.5H0~...5SH._IEME OUT 955.9 967.1 936 
TPSHM-PSH METAL TEMP 815.5 841.1 772 • 3 
TSSHM-SSH METAL TEMP · 986.7 1006 • 5· 955•2 

-"'--'-..-.-----'-~-~~-___._Sli..MEIAL.J:~__.BATf · 97 • 9- · ~-8 -'4429. 5 SSH METAL TE~P RATE 105 • 0 4297.5 -3553.7 
PPSHO-PSH PRES.OUT 151803 1603.l 1346.2 

----,--------,--__._PSSl:!O.~..SSl:LJ>FES.OUT 1463.3 1524.4 · 1346.2 PO-'ORUM PRES 1.573 • 2 1686.9 1346 .. 2 .. 
DELTA ORUM LEVEL l.16. 5.82 -2.45 

'-'----'---'-P.HPNCI-HP NOZ:_l!RES 1440.5 · 1490. 7 1346,;2 

__ TL,S~S P~B_fJ)RMANC!;___________________ ·--------------------------
THHTC-HOT HITEC TEMP 850 • 0 850.0 850.0 
TCHTC~COLO HITEC TEM 570 • 0 570.0 570.0 

---~I~OlL:-.MAlN .. Q.l.LTEMP 479 • 2 -"-0.._Q____ __· ----~•2 ____ _ 
DORUM-DELTA DRUM LEV 0.2 0 • 5 -0 • 2 
PDRUM-DRUM PRESSURE 592.9 614 • 0 555 • 7 

· ___ TP.REl:l'.'.".P.R..~ATER TEMP 481 • 0 486 • 7 472 6 
TDSH-OESUPER ... TEMP· · 0 • 0 • o. 



MISCELLANEOUS RECEIVER.CAVITY TERM$ 

DNI-DIRECT NORMAL I.NTENSHYIKW/M-501 • 
QINC-INCIDENT AVAILABLE POWERIMWTl 

Q~D8-REOIRECT[D:POWER TO 80ILERlMWTI 
. · 'QBDP-REDtRECTED POWER fO PS_H(M)lTI' 

QRDS-R£DIRECTED POWER TO SSHIMWTl 
QR DC-REDIRECTED POWER TO CE I LI NG I MWTl 
QRDT-TOTAL REDIRECTED POWER TO CAVITYIMWTl 

AVG 
o.1021t 

ltlt.8978 

•·o.Aas--ABsoRseo, POWER,.:oN•·-~tLeRi.iwr• .'21-.44,1· 
QABP._ASSO'R&EO POW(R Ol'fPSH(MWTJ '5.icillO 
OABS-ABSORBED POWER ON SSHIMWT) ltelit71t 
QA~C-TOTAL ABSORB~D POWER ONTO CEILINGIMWTI 3.8558 
QABE-TOTAL ABSORBED POWER ONTO.CAVITY FLOORIMWT> 0,131tl 

.. ·QABT.:TOTAL A8SORBEO.:PQWE~ .. JNTO •. C:AVJTY04WTI · .;~4.7940 

•··· a"s~h--ao:rLi!~R, Ae.sdR~~-~~~E~ ti: bi ~E~tc;,.:NAx, · . · . :46.6430 ·. 
QABPFP-PSH ABSORBED POWER II OF TOTAL DESIGN MAXI. 11.2796 
OABPFS-SSH ABSORBED POWER II OF TOTAL DESIGN MAXI 9.0118 
QABPFT-TOT AL ABSORBED POWER 11 OF TOTAL DES I GN. MAU ~~ 931t 

PEAK 
o.9eo1 

62.6863 

J-1.,i,4 
7.1943 
5.6700 
5.2301t 

lt9.6101 

29.9TOS 
7.it.2478 
5.7905 
5.3834 
0.1873 

lt8.5795 

65~1230 
15.71t87 
12.5823 
93.lt54 

307~2· 
MIN 

o. 
o. 

_,_:,, - .. _ -- _. _ _:· . :?'~RDlMC-R'.ATIO~REQtJieirck:rQ'. i~1be:Nr' POWER: 'l"Ql;~(s'ti ,: •... ··.o~iif .•. o.'791 ........... :o;·.'. 
. QABJNC-RATrO~A850RBEO ·to INCIOEl'(T .POWER' TOTAL$>··•·· <0.620 . O, 776 · · o. 

QABRD~RATIO ABSORBED TO REDIRECTED POWER-TOTALS) o.783 o.980 o. 

OAa8~A-RATE OF CHANGE•BOILER ABSORBED POWERII/MINI 
.. QABPR~:-.-RATE··oF.,(;HAt,IGf,pSH ·ABSQRBEOPOWE.Rtft(llll't! .. 

'.'.'.,·:;QA8SRA_:RATE:Of:~ANG.t,S$lf,',-;asotra.1;:o'•POWER(,/M{~f 
0ABTRA.,;RATE Of (MANGEHOTAt ABSORBED PoWERtw.,Mt,' 

TCAVl-CEILING TEMPERATUREIDEG-FI 
TCAV6-CAVITY FLOOR TEMPERATUREIDEG-F> . , 

1091.3 
650.7 

1251t.9 
~ 

•. · •. . . , .. ~ . :·•."·.'·.,.'<J;f/.:'.:_·: .. t=--;,-.(\\:;:.:,_·;:;;.: .. ·,.)-/~:;:~><i\-::.:r:···.·::.=-·_:·, ._.. ;.-·-_ ---.·. -. 
TOTAL AVAL ABLE DIRt;cT, NORfllli.'.'E.NtlGv,tf/NT"'HRSh , ·.. -~618 ., · .. · ···. · ... · .. .,. 
REDlR£CTED ENERGYH(WT_:HRSl,TOTAL: . 6i8280fLER= 4.33pSH= . Oa99SSH= 
ABSORBED ENERGYIMWT-HRSl,BOILER= 4.12PSH= l.OOSSH= 0.80CEJLJNG= Oo71tFLOOR= 0.03TOTAL= 6.68 



Run No. 

Type of Run 

Length of Run 

Run Description 

Notes 

4-83 

308 

Cloud Transient 

18 min 

Cloud approaching from West entering field at 

t=3 min: 

Speed= 11. 4 Km/hr (7. 1 mph) 

Length= 0. 67 Km (0. 42 mi) 

Field Coverage: Entire Field 

Plots were unavailable for this run. 

40703-II-3 



.,__.,., 

SUM,M~RY OF SPP PERFORMANCE CRU"' NO • 306•> ... 
SPP POWER LEVELS 

BTU/HR X 10*6 _ MWTH 
·:···;·> ····Av~ 

117.270 

:...REAK MIN · ·. AVG PEAK _Mv.lN'-'-----'-

GROSS SGS INPUT POWER 146.738 o. 34.37 43.01 o. 

POWE.R OF SGS To-

TOTAt, · 107.433 ·141.535 ~4.472 31.49 41.48 "- I - "-A .;.J.31 

EGS 80.223 97.518 

TSS 26.U7 . ·-
'TS_LPOWER TO EGS· · U.551 

EGS GROSS GENERATOR OUTPUT(MWE>= 

4Q.ltl2 

8:2.Jfl 

-0.000 

0.001 

-o..ma 

23.51 

7.65 

· L.tt· 

8.96 

;•GROSS CYCLE ~EAT RATHBTU/KW-HR>= 12355555 • 

28.58 -o.oo 

11.84 . 0~00 

26.16 -o.oo 
9.98 7.36 

e TOTAL KET :ENERGY DELIVERED(KW-H~~)_~S/EGS __685J.6 ICLJ.SS u.,;ga;, CffllPI. I;,;, 

TOTAL RADIANT ENERGY IN= l0024o4KW-HRS.EFFICIElltCY<NET ENERGY OUT/TOTAL INl=Oo9062 i° 

.=;:•.. NET CHANGE IN TSS ENERGY.· 1025.82 <KW-HRS> . > ,,.,.;.~ 
·_; w_·. . . . . ; ~-:>·/;//+":,.::->,.:.~ 

TOTAL ELEC ENERGY c;ENERATEn:: ~L ----- ---------------------

FOi LOWING UNITS ARE-QEG-E1DEG-F/HR1PSJA1IN 

SGS PERFORMANCE .... AVG PEAK MIN 
--------~---~· __ T~E~W~-H~P__._F.,,,__W _I.EMP 378 1 6 ____ •_:_. ____ 39_4.2 371. 

TO-DRUM TEMP 60406 . 612.3 58303 
TPSHO-PSH TFMP OUT 783.3 802.l 75lo7 
TSSHO-SSH TE~P OUT 957,2 970. 
TPSHM-PSK METAL TEMP 824.7 · 849.5 779.6 

·rsSHM-SSH MfTAL TEMP 991.0 1010.5 953.6 

--~-------_.,,PSH MEl.Af_ TE;<1LRA...If....._ __ j4}_. _ -·------- __ _ll.QJ .• b._. ___ ----=Z~Z~4,~6~-~J _______ _ 
SSH METAL TEMP RATE 64o5 3221.5 -198503 

.PPSHO-PSH PRES.OUT 1536.7 1601.4 135906 
---------~P~5~5~~~0~-=5=SH'--'-,-'P'--'---'PE5.0UT 14· ,.1 15..U....5 1359.6 

PO-DRUM PRES l597.0 ·------1685.0 1359.6 
DELTA ORUM LEVEL 0.77 4o37 ;.4.79 

-~---~-----'Pc.H,.,.,P_~:.::C,._.I_--'-'Hc....P--'-'.NO"'Z~ PR ES 1451 • 3 __ _ _ _____ . _ ___ _ _14.9 C!., L_ _____________ .l.lll..6. 

TSS PERFORM_c,A~N~C..._E _____ ~------
----,--~~-=THHTC-HOT I-IJTEC TEMP 850.0 

TCHTC-COLO HITEC TEM 569.9 
TOIL-MAIN OIL TEMP 479.9 
DDRUM-CELTA DRIJ~ LEV 0.2· 
PDRUM-DPU~ PRESSURE 587.5 
TPRfH-PREHfATER TEMP 480.9 
TOSH.;.OESUPER:-TEMP Do 

850.0 
570.0 
4eo .• _o ···-· o.4 
600.5 
48'!......l - ·-·--·-o. 

a5o.o 
569.9 

-.-- -·-·-· --------~7.9....._g __ -·-·--
-0. 2 

560.5 
______ 4..,_7.,_,2:-".J.. __ 

o. 



,;-.·,x;,,---:,,.~-

-- ... isca.:L;.ME®s Ri«lvER: c,v1tY -rE~Ms _ 

DNI-DIRECT NORMAL INTENSITY<KW/~-501• 
QJNC~NCIDENT, AVAILABLE POWER (MWTI 

QRDB.:.REDIRECTED POWER .TO BOJLER<MWTl 
.QBOP-REDIRECTED POWER TO PSH<MWTI 

-~------i'-QR""'D""'S-RED I RECTED POWER TO SSH ( MwT"'"',----· 
QRDC-REDIRECTED POWER TO CEILING(MWTI 

----------'Q::.:.R:..=O'-'T_-~T-=-0-'-T"""AL=--R,--=E.DIRECTED POWER TO CAVITY<MWTI 

tiABB-:ABSOR~;e~· POWER oN· BOILER< MWT1 
0ABP•ABSOR8£D POWElt or. PSH(MWT) 
QABS-ABSORBED POWER ON SSH(MWTI 

, QABC-TOTAL ABSORBED POWER ONTO CEILING<~WTI 
QABF~..lOTAL_ABSORBED POWER ON!O CAVI!~ F~9~R<MWTI 
OABT-:T.OTALABSORBEO POWER lHTO CAVITY IMWTI 

. , . - .. . ... , .. ~; ' .. --:--·'. .. ,. , ·-· ., . ., .. , . . 

. 'QABPf'B;..eciiL.ER ABSORBI1' POWER
0

!1g OF DESIGN '4A)(} 
--'------'--'-----'-"---·--o"="A""B:-,P=F=p--_--::pc-:s"°'H,=.,.A=BsoRBED POWER(I-OF fo-TAL DESIGN MAXI 

• 

QABPFS-SSH P.BSORBED POWER ('JI, OF TOTAL DE-SIGN MAXI 
0ABPFT-TOTAL ABSORBED POWER(%_QF TOTAL DESIGN MAXI 

AVG 
0~7838 

50.0979 

2.5.1866 
5. 7496" 
4.5314 
4.1801 

39.6476 

PEAK 
o.9807 

62.6863 

31.5154 
7.11143 
5.6700 
5.2304 

4906101 

23.9519; 29.9105'. 
5.7923 7.2478 
4.6277 5.7905 
4.3024 5.3834 
o.1497 o.1813 

38.8240 4$.5795 

52.0453. '. 65.1230 
--~1~2~.~5861 15.7487 

10.0556 12.5823 
74.687 93.454 

U-:i}• C?. 
MIN 

o. 
Q.., 

o;·· 
.Qi 
o. 
o. 
,Q_._ 
o •. • 

QRDINC-:RATIO,REDIRECTED TO INCIDENT POWER TOTALSI Oe759 
1 

o.191 

-------'-------------'--::0-'cA'=cB~I=-NC_..,~-A~T=--=I=-O--:•ABSO~ED TO INCIDENLP.OWER_.JQI.A.L.S.L ____ .:__ 0.743 0 1 776 - o, 
QABRD-RATIO ABSORBED TO REDIRECTED POWER-TOTALS) 0.939 0.980 

~ 

,._.</ 

0 QABBRA-RATE OF CHANGE•BOILER ABSORBED POWER(I/MINI O,OOO 31 1 49~ -31 1 496 

__ • .,.. . QABPRA-RA_TE OF c_HANGE~PSH_- A.8SORBEO POW.ER (I/MIN) . o.o_oo 12. 180 ; -12.179_ '. _-_ :_._-_:_;_~1_•_,_;1 = QABSRA•RATE OF CHANGE,SSH ABSORBED POWER{S/MIN> -0.000 lle625 -11.625 - << <-' 
-~ · OABTRA•RATE OF CHANG~•TOTAL -ABSORBED POWER {1/MINl __ _Q.000 49,637 -49-.636 -- ' . <' 

TCAVl-CEILING TEMPERATURE(DEG-FI 
TCAV6-CAV ITY FLOOR TEMPERATUR£ < DEG-FJ 

1181.4 
ll.!.2 

1445.l 
ll.Z.a.b. ., .,,>;-~; 

TOTAL AVALA~LE DIRECT NORMAL ENERGY <MWT-HRSI = . 14.626 _ _ -_- . • ?!;!/ 
.. REDIRf:CT~D ENE13_<i_Y<MWT•HRS)_tlOTAl._=c_~~.!3~-l.1.£RE.. __ J~J~.e.sH=....._~8SSH= l.32C£IUNG: 1.22 . '' 

-------~A-BSORBED ENERGYIMWT-HRSl ,BOILE~= 6o99PSH=. lo69SSH= lo35CEILING= lo26FLOOR= 0.04TOTAL= 11.33 



Run No. 

Type of Run 

Run Length 

Run Description 

4-86 

309 

Cloud Transient 

14 min 

Cloud approaching from West entering field at 

t=3 min: 

Speed = 32. 9 Km /hr ( 20. 4 mph) 

Length = 0. 67 Km (0. 42 mi) 

Field Coverage: Entire Field 

40703-II-3 



SUMMARY OF·spp PERFORJ4ANCE (RUN NO 3090) _ ~I 

SPP POWER LEVELS 

-~- ·-~- ·: Jrtu/HR x, -~9•1>'' 

AVG · PEAK~'-----'-'"~••=•-------

' '. ;;. :.:,:\·> \-::-~ 
AVG · PEAK MIN 

GR~~S SGS INPUT POWER 133o499 146.738 o. 39.13 43.01 o. 
NET, OUJPUT, P.O.,ER OF SGS TO-

-----'---'-'-----'-------·: .:..T..:::O.:..T.e..:Ac=L'-----'---'121 o 981 ---- 139.047 ___ 6. 586 ____ _ 

EGS 89.001 97.15.3 9.579 26.09- 211048 2.81 

TSS 31.80p 3~.240 o.1tao O.H 

NET TSS POWER TO EGS 4~_958 61 .875 ____ -0.'000 __ _ -- ·- -- - . .;.:o.c'O . -----'-~--'---'-:.. 

EGS GROSS GEIIIERA•TOR OUT.PUT IIIAWE> = 8.92 10.50 6.45 

GROSS CYCLE HEAT RATEIBTU/KW-HR>= 10893792. 1969. 

TOTAL ~J~l;B_GY DELIVE!m:~.i!~-~l!-~-~G_~_JgG~- _ -------'~J_Q_~~~:_____Jo TSS - 2097.5 __ FROM TSS .,~.,----------------- . 

e 
;I;. --

TOTAL RADIANT ENERGY IN= 

NET CHANGE Iii TSS:ENERGY 

88Q5.8KW-HRS~EFFICIENCYINET ENERGY OUT/TOTAL INl=Oo9043 

l722~6l<KW~HRSJ 
. I. . .· : .. _ .. : .. _._ 

~ · TOT AL ELEC ENERGY 6ENERATEDe _. 1 • 56 <~~RSE:L_ 

~ 

-------------------------~F~O~L~L~O~W~I=N=G....>.<u=N~IT_,_.._S ARE-~~-~E~/~H=R~•~P-S~I=A~•~I=N __________________ _ 

SGS PERFORMANCE AVG PEAK MIN 
---'---------'-------TF_!,1-HP FW TE~P . 376. l _______________ . _______ 391_,9_______ 368.8 

TD-DRUM TEMP 607 • 0 610 • 7 583 0 8 
TPSHO-PSH TEMP OUT 785 • 8 796.0 749 0 6 

------------=-T=-S~HO-SSH TEMP OUT 958"-.2 96,k_• l 935.3 
TPSHM-PSH METAL TEMP 82908 842.7 T74s.l 
TSSHM-SSH METAt. TEl'P 994.7 1005.8 955.9 
PSH MET AL_ TFMP RAIE..: _____ 95. 6 _____ _ ___ lt61L,4 . -ltlt29.3 
SSH METAL TEMP RATE 81.4 4315.2 -3553 0 7 
PPSHO-PSH PPES.OUT 155301 1582.8 1363 0 6 
PSSHO-SSH PRES.OUT 1482.2 __ __ 1503,7 136b.~---~----,-

. PD~DRUM PRES 1623•7 166503 ll64.8 
·oELTA DRUM LEVEL 0.59 3.63 --2.45 

----- PHPNCI-HP 111oz PRES ______ l'!::;_~_._2 ___________ ------·- _lHl~B____________ 1362.1 

TSS PERFORMANCE 
THHTC-HOT HITEC TEMP 850.0 850.0 85000 
TCHTC-COLO HtTEC TE~ 570 • 0 570.0 570.0 

__ TOIL-MAIN _OIL TEM.P ______ ~_l!_Q_• _O ___________________ ·---~1),.JL ____ -------~82.0~---
DDRUl'-DELTA DRUM LEV Ool 0.3 -0 • 2 
PORUM-DRUM PRESSURE 590.3 601.9 555.4 

_------1£.Rf;H-PREHEATER TEMP 479.9 480.8 473.5 
TDSH-DESUPER-TEMP - O• O. O. 



'MISCELLANEOUS:RECEJV£R CAVITY TERMS 309--2 ... , ,,>. 
DNI-DIRECT NORMAL INTENSITYIKW/M-SQ), 
OINC-INCIDENT AVAILABLE POWfR(MWt> 

QRDB-REDIRECTED POWER TO .BOILER o-:wn 
_________ OBOP-REDIRECTED · POWER TO PStill1.illl...c 

QRDS-REOIRECTED POWER TO SSHIMWT). 
QRDC-REDIRECTED POWER TO CEILINGIMWT> 
CRDT-TOTAL REDIRECT~D POWER TO CAVITYIMWT> 

AVG PEAK 
. o.e922 o.9807 

. 11,0309 62.6863 

MIN 
o. 
0..., 

28~6722 31.515~ o. 
_6~3 7.1943 o. 
5.1584 5.6700 o. 
4 • 7585 5.2304 

45.1344 49.6101 

QABB-ABSORBED POWER ON BOILER(MWT> 27.2667 29 • 9705 . 
CABP-ABSORBED POWER ON PSHtMWTI 6.5939 '7.2478 
CABS-ABSORBED POWER ON SSH(MWT) 5 • 2681 5• 7905 Oe 
QABC-TOTAL ABSORBED POWER ONTO CEILING(MWT) 4 • 8977 5.3834 Oe 

',,·-_..;1,> 

QABF~J'OTAL ABSORBED POWER ONTO CAVITY FLOORIMWTl 0.1704 0.1873 o. 
QABT•TOTAI. ABSORBED POWER INTO CAVJTY(MWTI 44-1968 - 46;.5795 Oi i. Aif}:~~f~'l 
CABPFB-BOILER ABSORBED POWER!'li OF nESlGN MAXI 59.2479 65.)230 o;. '. ·i~;]~i:i't,~ 
QABPFP-PSH ABSORBED POWERII OF TOTAL DESIGN MAX> 14 • 3279 15 • 7487 Oa 
QABPFS-SSH ABSORBED POWER II OF TOTAL DESIGN MAX> 11 0 4471 12.5823 O•. 
0ABPFT-TOTAL ABSORBED POWERII Of TOTAL DfSIGN MAXI 85.02j 93 • 454 O. 

QROINC-RATIO,REDIRECTED TO INCIDENT POWER TOTALS> 0.777 0~791 6. 
-----'-----"------------'---"""'™=RAll0.2_AaS.ORBED TO I NCIJlEfil-20.~JLJ_0IAL5.L ______ ___:Jl_J.6 • 0.116 o. 

QABRD-RATIO ABSORBED TO REDIRECTED POWER TOTALS> 0.961 0 • 980 0 • 

owEQ(lfMINI .@ . QABBRA-RATE Of CHANGE,BOJLER ABSORBED p 
..., 
s rj 0A8PRA-RATE OF CHANGE,PSH ABSORBED POWERl~/MIN) 

-O.ooo 90.625 -90.825 
-0.000 35.123 .,.35.,.153. 

A, 
I. f.,_. = • QABSRA-RATE OF CHANGE,SSH ABSORBED POWERl~/MIN) 

~ QABT~.f_Q.f CHANGE,IOIAI ABSORBED POWFR(I/MIN> · _g:~gg_ 1!!:n~ ~i!~:~!~> W'i;( './(."::"'.'\\ 

TCAVl-CEILING TEMPERATUREIDEG-Fl 
TCAV6-CAVIJY FLOOR IfMPfRAil~E!DfG-EI 

1111.0 
6..ilJ 

TOTAL AVALABLE DIRECT NORMAL ENERGY<MWT-HRS>= 12.848 

1388.8 
652...3. 

982 • 8 
. 650 -.l "·'" 

----'---..;__ __ ,;_,_ ___ ....._,_,REP IR ECTE[) ENERGY < MWT-HR S) , TOTAL= _lil ._ua_a_ll.ER:---6.-. 46PSH= __1_..._4.Y.55H:..- __i_. J 6CE II I ~ .... u.0.L'Z------'-'--"-'-'-
ABSORBED ENERGYIMWT-HRS>,BOILER= 6 • 14P5H= 1• 49SSH= lel9CEILING= ·1.lOFLOOR= 0.04TOTAL= 9.96 
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I s.oo e.oo 
TIME l MIN l 

309-3 

RUN ND.3D9 

- - -- - -

- - -

. . . 

. 
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REDIRECTED 6DLAR rDWER TD CAVITYC1. DF AVAILABLEI 
BOILER INCIDENT roWERC1. Of CAVITY INCIDENT! 

r6H INCIDENT roWERC1. Of CAVITY INCIDENT) 
66H INCIDENT roWERC1. Df CAVITY INCIDENT) 
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(!) W6G0-6G6 OUTLET 6TEAM fLOWCKG/HRI 
& T6G0-6G6 STEAM OUTLET TEMP,CDEG-CI 
+ P6G0-6G6 OUTLET PRE66URECMPAI 
X PHPNCI-THRDTTLE PRE66URECMPAI 
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(!) CVHP-HP TURBINE GDVERNDR VRLVECPUJ 
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(!) nNDfn-nfGANATT DfnANDtr.u., 
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(!) QR-606 RADIANT INPUT/5CMNTI 
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4-101 

(!) T66 OUTLET STEAM rRE66URE 
.a. T66 OUTLET STEAM TEMrERATURE 
+ T66 OUTLET fLOW 
X T66 CHARGE STEAM fLOW 

2,00 4,00 6,00 

40703-II-3 TIME 

309-15 

RUN N0.309 
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Run No. 

Type of Run 

Run Length 

Run Description 

4 .. 102 

311 

Cloud Transient 

18 min 

Cloud approaching from North entering field at 

t=3 min: 

Speed = 11. 4 Km/hr (7. 1 mph) 

Length= 1. 8 Km (1. 12 mi) 

Field Coverage: Entire Field 

40703-II-3 



~ e 
I --J., 

SUMMARY OF SPP PERFORMANCE <RUN NO 311.l -311-1 

SPP POWER LEVELS 

BTU/HR ·X 10*.6 MWTH 

. AVG PEAK MIN AVG eEAK MIN 
GROSS SGS IN°UT POWEP 67.765 146.738 o. 19.86 43.0l o. 

NET OUTPUT POWER OF SGS To~ 

TOTAL 6i.573 135.647 -~07 lL.J.! 39116 -0.1, 
EGS 48.861 98.956 -0.000 14.32 29.00 -o.oo 

TSS 12.937 36.737 0.000 · 3.79 10.77 o.oo 
---------'------'-N,..E...,T__,_T~S.,,_S_,P'-'O""W"-'E'-"R,__,_,TQ_EGS - 4 3 • 08 1 ____ M_.l!~ l. __ :'.".P . ...Oo.3___ ________ _________ .l.2....6..3____ ,o., c ... .... -a.oa 

EGf GROSS GENERATOR OUTPUT(MWE1= 8.93 10.69 7.47 

o. · GROSS CYCLE HEAT RATE<BTU/K\1-HRl = 7113646 0 14750. 

TOT .Ill NET ENERGY £lEL t VER ED< le: W-HR S l__~\i~L~---- _ ------ __ 4J_7_J,__.__7 ____ TQ_ __ rs_5 _____ . _ _l_lll_5_._g ___ FROM rsS i"--' --.-·- -

TOTAL RADIANT ENERGY IN= 5792.7K~-HRS.EFFICIENCY<NET ENERGY OUT/TOTAL INl=Oo9ll4 

NET CHANGE I~- TSS ENERGY -2595.68CKW~HRSI 

TOTAL ELEC ENERGY GENERATED= ----~•QZJJIW-Jffl..S..._EJ,..._ __ 

_______________________ ,_F><JOL...,L....,O"-.!W:uiucN,,.__G JJII! ITS ARE-D_E.1i.-....E.t..DEG-F/HR • e..s..IA.t..lll .. 

SGS PERFORMANCE - AVG PEAK MIN ____________ _,__T,___FW:_:__-HP F~ TEMP 31H1-tt ________ _________ --29_7.,._z _______________________ .3._1.0...it__ 
TD-DRU~ TEMP 597.3 613.7 583.4 
TPSHO-PSH TEMP OUT 810 • 6 848.5 773.0 ___________ T~SSHO-SSH Tf~P OUT 953,7 965.'t_ __________ .z..,_~'----------
TPSHM-PSH METAL TEMP 843.4 864.4 813 0 7 
TSSH~-SSH METAL TEMP 995.l 1012.2 957.4 ________ PSH Mf.TA!..__!_fMe_ __ RlU.E_ ______ !1J_._1__________ _ ____________ 18.4.2.4 ______________ -----~~.1. __________ _ 
SSH METAL TEMP RATE 72.2 1961.3 -1780.3 . 
PPSµO-PSH PPES • OUT 1481 • 5 1621.3 1360 • 9 PSShO-SSH PRES.OUT 144R.2 _____________ 1547,8 _______ . 1360

9
9 

PD-DRUM PRF.S 1515.3 1702.1 1360.9 
DELTA DRUM LEVEL 2.03 5.54 -1 • 99 ------'---PH'--'P'---'N'-'-(!:-HP l'l_QI__ER_E_~-----·H.l~•_l____ _ ___ ________ . ____ l~P.3 .. ___ ------~3.6Q.e..9 _________ _ 

TSS PERFOR~l_A~!(.E 
THHTC-HOT HITEC TEMP 850 • 0 850.o 950.o 
TCHTC-CCLD ¥ITEC TE~ 570 • 1 570.2 569.9 
TOI_L-~'AIIII OIL lE~P 47 __ 9_~_9 .. 
DDRUM~DELTA DPUM LEV O.l 

_ -------- _________ 480.0 _____ _______ · __________ U2..-..B. 
0.4 -0.2 PDRUM-DRUM pqfSSURE 581.5 615.3 560.6 TPREH-PQEHEATfQ TEMP 478 • 4 487,3 472...Z __ 

TDSH-DESUPER~TEMP Oo o. o. 



MISCELLANEOUS RECEIVER CAVITY TERMS 

DNI-DIRECT HORMAL J~TENSJTYIKW/M-SQI• 
QINC-INCJDENT AVAILABLE POWEPIMWTl 

QRDB~REDIRECTED POWER TO BOILERfMWTl 
080P-REDIRFCTFD POWER TO.PSHIMWTl 

AVG 
o.4529 

2_8_.9494 

14 •. 5542 
3.3224 
2.6185 
2.4155 

PEAK· 
0.9807 

62,6863 

31.5154 
7.1943 
5.6700 
5.2304 

----ORDS-RFDJR~CTED POWER TO SSHIMWTl 
QRDC-REDIRECTE~ POWER TO CEILINGIMWTl 
QRDT-TOTAL REDIRECTED POWER TO CAVITYIMWTl .1..0_1..1n1 22e9106 ~7ou•v• 

QABB-ABSORBFO PO~ER 
OABP-ABSORBED POWER 

·-QAFlS-A8SORBED POWER 
QABC-TOTAL AijSQRBED 
OABF-TOTAL ABSORBED 
QABT-TOTAL AFISORBED 

ON BOILERIMWTl 13.8408 29.~705 
ON PSH(MWT) 3.3471 ••b~•w 
ON SSH IMWT) -- 2.6742 - ----

47 -,.A"7. 

:>of'IU:> 

POWER ONTO CEILINGIMWT> 2.4861 5.3834 
POWER ONTO CAVITY F.1.Q_~RIMWTI 0.0865 v ••~•~· 
POWER INTO CAVITYIMWTl 22.4347 ·- -- -

n , 0'"7'2 

<t8e:>TY, 

QABPFB-FlOILfR ABSORBED POWER<~ OF DESIGN MAXI 30.0747 
---------------=a-cA-=a-=p-=Fc=P~-PSH-ASSQPEIED POWER!% OF TOTAL DESIGN MAXI 7.2730 

65,1230 
15.7487 

OABPFS-SSH ABSORBED POWER!% OF TOTAL DESIGN MAXI 5.8107 12.5823 
n":111 I. I: I~ ________________ ;O~A~B_P~F~T=-~T;O~T=AL ABSORBED POWER(% OF TOTAL DE~IGN MAXI 43.158 7~••~• 

ORDINC-RATIO,REDlRECTED TO INCIDENT POWER TOTALS) 0.492 0.191 
ft I.ll. OAB_INC-RATIO,ABSORBfD TO .. UlCIDE~lT .POWER_ TOTAL~---------·-J)•~E!.?____ u. 

QAARD-RATJO ABSCRBEr To REDIRECTED POWE~ TOTALS) 0.609 0.987 

OABBRA-RATE OF CHAN~E•BOILER ARSORBED POWERl~/MINl . ...=.Q......000 ••••~J ,. , -YL.,:a 

0ABPRA-RATE OF CHANGE,PSH ABSORBED POWER(!i/MINI O.ooo 12.&32 
12.842 ' GIABSRA-RATE OF CHANGE• SSH AB SOR RED POWER (!i/MJ NI -0.000 

________________ _,Q=A=9'-'-'-TR A-R}..Tf;_QE_Q:l~NG E • TOTAL AB_5Q_RJl.f:CLP.0''!.E!3J .. l/1illil.. · -o • 000 521699 
I 

""' TCAVl-Cf.ILING TEMPERATUP.EIDE(,-Fl 1092.7 1249.7 
LC. C 

..,..-------------------'-T-"'C"'A-'-V.:e:6.::-:::.,::CA.VITY FLOOR TEMPEPATUB.f.1.F)EG.:-FI --------···------·-·650.6 651,5 

TOTAL AVALARLE OIREC-T NORMAL E~lERGY IMWT-HRS> = 8.452 

311-2 
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-41,743 
-12.832. 
-12.853 
-52~699 

982.8 
650.1 

---------------· __ R!CJ)_l~ECThlLf.1.~ER(,i.'f_lMWT..::HRS! tl.QIAf..= ... ..J>-'6_9_~_QJL.EB;: ___ 4._z_:;_p..sJ:i.=: _Q.19..1.S.5.H=._o_._76CffLING= Q. TI 
ABSOReEQ f~fRGYIMWT-~RSl,80[LER= 4.04PSH= o.98SSH= o.78CEIL[NG= o.73FLOOR= o.03TOTAL= 6.55 
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4-105 

~ RVRILRBLE INCIDENT 6DLRR POWER 
& REDIRECTED 6DLRR POWER TD CAVITY 
+ TDTRL 6G6 ABSORBED PDWER 
X 6G6 RB6DRBED PDWERCZ DF RVRILRBLEI 

4.00 e.oo 
4073-II-3 

12.00 16,00 
TIME CMINl 

311-3 

RUN ND,311 
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REDIRECTED 6DLRR PDWER TD CRVITYC1. DF RVRILRBLEI 
BDILER INCIDENT PDWERC1. DF CRVITY INCIDENT! 

P6H INCIDENT PDWERCl Df CRVITY INCIDENT! 
66H INCIDENT PDWERC1. DF CRVITY INCIDENT! 

CEILING INCIDENT PDWERC1. Df CRVITY INCIDENT! 

311-4 

RUN ND-311 

'+----~--i.-----.-.-.... --!llfoL------.----....-----.------,,-------. 
91.oo 4.00 e.oo 

4703-II-3 

12.00 16.00 20.00 
TIME C MIN l 

24.00 2a.oo 32.00 
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40703-II-3 

4-107 311-5 

RUN ND,311 

12.00 16.00 20~00 24 • 00 28,00 32.00 
TIME CMINl 
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4-108 

RUN ND,,ll 
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4-109 311-7 

TPoffil--f''til'l..rETAL TEMP. RUN Nll,~11 
TP6Hll-P6H ll ET 6TEAM 
T66HM-66H ME A TEMP. 
T56Hll-66H OUTLET AM I 

' 
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40703-II-3 TI ME C MIN l 
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4-110 

C!l rD-DRUM PRESSURECMPAI 
• MD-DRUM OUTLET fLOWCKG/HRI 
+ WfW-fEEDWATER fLOWCKG/HRI 
X WATTSP-ATTEMP. SPRAY fLOWCKG/HRI 

4.Do a.DD 12,DD l&.OD 20,DD 

40703-II-3 TIME C MIN l 

311-8 

24,DD 28,DD 32,DD 
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4-111 

(!) W6GD-6G6 OUTLET STEAM fLDWCKG/HRl 
& T6GD-6G6 STEAM OUTLET TEMP,CDEG-Cl 
+ PSG0-6GS OUTLET PRESSURECMPAl 
X PHPNCI-THRDTTLE PRE56URECMPAl 

4,DD 8,DO 12,00 16,00 2D,0D 
40703-II-3 TIME C MIN l 

311-9 

RUN ND,311 

24,0D 28,00 32,0D 
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4-112 

(!) CVHP-HP TURBINE GOVERNOR VRLVECPUI 
4 CVLP-LP TURBINE GDVERNDR VRLVECPUI 
+ WHPTl-HP TURBINE INLET f'LDW 
X WLPTI-LP TURBINE INLET FLOW 

4.00 e.oo 12.00 16,00 20,00 
40703-11-3 TIME CMINl 

311-10 

RUN ND,311 

24,00 28,00 32,DD 
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4-113 

(!) "WDEM-MEGRWRTT DEMANDCP.U.J 
.A. P6G6T-TDTAL 6G6 NET POWER DELIVERED 
+ E6G6T-TDTAL 6G6 NET ENERGY DELIVERED 

4.00 e.oo 12,00 16,00 
40703•11-3 TIME CMINl 

311-11 

RUN ND.311 

20,00 24,00 28,00 32,00 
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4-114 

(!) MC6 INTEGRATED "EGAWATT ERROR 
& "C6 INTEGRATED PRESSURE ERROR 
+ T6S STORAGE OUT co""AND 
X TSS STORAGE IN COMMAND 
• TURBINE GOVERNOR CO"MAND 

311-12 

RUN NO ,:Ill 

C? -I ~+--t-L~..),..-----,~~~:1=~.....,;L+--+-"'T""'Sl-----r-----r-----r------, 
~-DO 12,00 16,00 2D,00 24,00 28,00 32,00 

40703-11-3 TIME C MIN l 
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4-115 

0 gft-6G6 RADIANT INPUT/SCnWTI 
6. nWE-GENERATED BU6BAR PDWERCHWEl 
+ EGEN-GENERATED BU6BAR ENERGYcnwE-HR&l 
X ET66-CHANGE T66 ENERG~ LEVELCHWT-HR&I 

311-13 

RUN N0.?111 
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C!) EG6 FW OUTLET TE"r. 
& T66 DRU" LEVEL 

4-116 

+ T66 FW INLET FLDWCKG/HRI 
X T66 ATTE"PERATDR FLDWCKG/HRI 
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311-14 

RUN ND.311 
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4-117 311-15 

0 TSS OUTLET STEAM PRESSURE RUN N0.311 

• TSS OUTLET STEA" TE"PERATURE 
+ TSS OUTLET fLON 
X TSS CHARGE STEAM fLON 

-----------------------------------9J. o o 4.00 a.oo 12,00 16.00 20,00 24,00 28,00 32,00 
40703-II-3 TIME C MIN l 



Run No. 

Type of Run 

Run Length 

Run Description 

4-118 

312 

Cloud Transient 

18 min 

Cloud approaching from South entering fiel_d at 

t=3 min: 

Speed = 11. 4 Km/hr ( 7. 1 mph) 

Length = 1. 8 Km (1. 12 mi) 

Field Coverage: Entire field 

40703-II-3 



SUM'MARY OF SPP PERFORMANC!; · (RUN NO- 312.) 3~J 

SP, POWER LEVELS. 

BTU/HR X lQ«-6 MWTH. 

AVG PEAK MIN ------ AVG PEAK MIN 

GROSS SGS INPUT POWER 67.765 146.738 o. 19.86 43.01 o. 
----- -

NET OUTf>t.JT POWER OF SGS To-. 

T.QTAL 62. 52'~ 1_44.724 -5~091 18.33 42.9.42 

EGS 48.088 102.226 -0.000 14.09 29.96 -o.oo 
TSS .13.6.45 39.822 0.000 4.00 11.67 o.oo 

NET TSS POWER TO EGS 44.634 90.606 :..o.ooo n.os 26.56 -o.oo . 

EGS GROSS GENERATOR OUTPUTIMWE1= 8.90 10.11 1.11 

GROSS CYCLE HEAT RATE(STU/KW•HRI= 7075156. 14764. o. 
---..;._------~---~---T~OTII.L NET ENERGY DELIVE~J?J~W-HR$l SGS/EGS _____ 4U_<2.J~ ___ "[_Q__I.S.S. ll66d_ FQOM TSS 

~ 

' .... 
>U::· 

TOTAL RADIANT ENERGY IN= 5792.7KW-HRS.EFFICIENCYINET ENERGY OUT/TOTAL IN>=0.9104 .... 
MET CI-IANGE IN .TSS ENERGY. ~2668.00lKW~HRS> ·.-i\ 
TOTAL ELE(ENERGY GENERATtp_: ·. 2e02 IMW~.R$E_~I ______ _ 

FOLLOW I NG IJN ITS ARE-~.E..tl>.Ei'.:f..ll:IR.>.J, P.._,5.,...Iu:Aut:..l.,_,_N ________________ _ 

SGS PERFORMANCE AVG PEAK 
TFW:::1:!P _ _DI_I!;:-.P ______ 387,,7 ________________ ~-U.!t ___ _ 
TD-DRU~ TEMP 597.3 615.3 
TPSHO-PSH TEMP OUT 74405 813.7 

MIN 
----~.:Z.0.....5. 

583.0 
696.5 

TSSHO-SSH TE~P OUT 919.l 975.l __________ ,.__.._~~----'-----
TPSHM-PSH METAL T£MP 772el 862.6 
TSSHM-SSH METAL TEMP 94207 101608 
PSHMETAL TEMP RATE 64,2 5470.1 
SSH METAL TEMP RATE 7lo7 5151.9 
PPSHO-PSH PRES.OUT 1480.9 1637.1 
PSSHO-SSH PRES.OUT 144608 1559 9 1 
PD-DRUM PRES 15Uol · 172103 
bELTA DRUM LEVEL 2.18 5o93 
PHPrn;:I-1-fllNOZ PRES 1431.7 --------~--liU1.8 ________ _ 

TSS PE_8_E_Q~MAMCE 
THHTC-HOT HITEC TEMP 85000 850.0 
TCHTC-COLD HITEC TEM 570.l 570.3 
TOIL-MAIN OIL TEMP 479!.9.._ ______________ 48Q..Q_ ____ _ 
DDRUM-DELTA DRUM LEV O.l 0.5 
PDRU~-DPUM ~RFSSURE 581.0 622 • 3 
TPREH-PREHE~TER TEMP 478.3 487,8 
TDSH-DESUPER-TEMP · , o. O. 

-4193.2 
1356.5 

"Ulla.5. 
· .1356,.5 

-1.88 
·llM.11..5. 

850.o 
570.o 
.4.ll..J 

-0.2 
560.1 
.4ll...4. 

Q. 



·~-

MlSCELLANfous· QECErVER CAVI_TY ·TERMS 

AVG 
DNI-DIRFCT NOR~AL INTENSITYIKW/M-SOl• 0.4529 
OINC-INCIOENT AVAILABLE POWER(~WTI 28.9493 

QROi>-REOIRECTEO POWER TO BOILER <MWTl 14.5542 
-OBDP-REQIRECTED POWfR TO l>SHIJ4 Tl hll2_4 
OROS-REDIRECTED POWER TO SSHIMWTI 2.6185 
OROC-REDIRECTED POWER TO CEILING(MWTI 2.4155 
QROT~TOTAL PEDIRECTED POWER TO CAVITY<~WTI 22,9106 

·-·-~------

PEAK 
o.9807 

62.6863 

31.5154 
1.all.il 
5.6700 
5.2304 

49.6101 

MIN 
o. 
2.a 

o. 
_Q 
o. 
o. 
0.... 

OABB-ARS~BEO POWER ON SOILER IMWTI l'.3.8407 29.9705 o. 
--~--------~Q~A=BP~-A'-'B=S~O~R.a.,8,:.,,,.ED. POWER..fil!_PSH < MlrtTl ---'-----3, 34 71 T.2478 P+ 

OABS~ABSORBED POWER ON SSH(~WT) 2.6741 5w7905 O. 
OABC-TOTAL ABSORBED POWER ONTO CEIUNG(MWTI 2.4861 5.3834 Oe 
OABF-TOTAL ABSORBED POWER ONTO CAVITY FLOOR<~> 0.0865 0.1873 Pe .. 
0A8T .. TOTAL ABSORBED POWER INTO CAVJTY<MWTl , 22.4346 48.5795 o. <,c:/~ 

OA:BPF8-B01LER ABSORBED POWER <ti OF OE~.l.G!LMAXI. _..3.Q.a.01.~6 65.J..'30 . De ;}i 
OABPFP-PSH AgsoRBED POWER(I OF TOTAL DESIGN NAXI 7.2729 15.7487 o. 
OABPFS-SSH ABSORBED POWER(% OF TOTAL DESIGN MAXI 5.8107 12.5823 O. 
QABPFT-TOTAL· ABSORBED POWER(% OF TOIAL_!lESIGN MAXI 43.158 93-4 

'(.:~;1:1 
QRDrnC-RATIO,REDIRECTEO TO INCIDENT POWER TOTALS) o.492. o. 791 o. ;}/%; 
QABINC-RATIO,ABSORBED TO INCIDENT PO_WER TOTAL.SL ______ · _0..,,48L 0.781 0+ ·>>' I QABRD-RATIO ABSORBED TO REDIREcTED POWER TOTALS) 0.609 0.987 ~ 

~

. I 

o. 

------~----'------Q~A=B""'B""R~A_-'-P,.,_A.c..TE'"--'O""F'---'C.,_H.uA.,,_N,.,G,,_.,f_,•c..6...,.0c..I ... L~f.,_,_R ..Aa50RBfP P..rutfRU/f.lJNI -D.000 41 e143 -4J -101 15, = OABPRA-RATE OF CHANGE,PSH ABSORB.ED POWER C'li/MINI •0.000 12.832 •12e.832 8; 
_, , OABSRA-RATE OF CHANGE,SSH ABSORBED POWER (\Ii/MIN) 0.000 120842 •12.842 
J. QABTRA-RATE OF CHANGF,T~.Bs.QR.JlED.._FD.\ll.E!H.I.LMINl _ _o.ooo 52-100 -52-699 

TCAVl-CEILING TEMPERATUREIDEG-Fl 
TCAV6-CAVITY FLOOR TFMPERATURflDfG-Fl 

1070.B 
~ 

TOTAL AVALABLE DIRECT NORMAL ENERGYIMWT-HRS): 8e452 

1249.7 
.6.5.1...5. 

982.B 
6.50.J 

REDIRECTEP ENERGY CMWT-HRSI ,TOTAL= 6 1 6980ILER= ·4.25PSH= Q.97SSH= O.760:11 IN.G .... :---'o...._.7,_l..__ ______ _ 
ABSORBED ENERGY(MWT-HRSI ,BOILEP= 4.04PSH= o.9BSSH= o.78CEILING= o.73FLOOR= o.03TOTAL= 6.55 
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4-121 

(!:I AVAILABLE INCIDENT GOLAR POWER 
4,. REDIRECTED GOLAR POWER TO CAVITY 
+ TOTAL 666 ABSORBED POWER 
X 666 ABSORBED POWERCZ OF AVAILABLE! 

312-3 

RUN N0,312 

·-------------i-a--..-------------------.----------9:i.oo 4.00 8000 12,00 16,00 20,00 24,00 28,00 32.00 
40703-11-3 TIME CMINl 
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4-122 

(!) REDIRECTED 6DLAR POWER TD CAVITYC1. DF AVAILABLE! 
A. BOILER INCIDENT POWERC1. DF CAVITY INCIDENT! 
+ P6H INCIDENT PDWERC7. DF CAVITY INCIDENT! 
X SSH INCIDENT POWERC7. DF CAVITY INCIDENT! 
~ CEILING INCIDENT POWERCZ DF CAVITY INCIDENT! 

312-4 

RUN ND.312 
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(!) ga-BDILER HEAT INPUT 
& gpsH-PSH HEAT INPUT 
+ gssH-66H HEAT INPUT 
X gT-TDTAL HERT INPUT 

4-123 

4.00 e.oo 12.00 1&.00 20.00 
40703-II-3 TI ME C MIN l 

312-5 

RUN ND.312 

24.00 2&.00 32.00 
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(!) TP6MDDT-P6H METAL 
.a. T66MDDT-66H METAL 
+ 666 DRUM LEVEL DEVIATION 

4-124 312-6 

RUN ND.!512 

C'i•+-----..----------....-----..----------....-----..------
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W6GD-6G6 DUTLfT 6TfAM FLDWCKG/HRI 
T6GD-6G6 6TEAM OUTLET TfMP,CDEG-CI 
P6GD-6G6 CUTLET PRES6URECMPAI 
PHPNCJ-THRDTTLf PRES6URECMPAI 

4 ,DO B,DO 

40703-11-3 
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RUN ND.312 
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© MWDEM-MEGAWATT DEMANDCP,U,J 
4 PSGST-TDTAL SGS NET POWER DELIVERED 
+ ESGST-TDTRL SGS NET ENERGY DELIVERED 
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40703-II-3 TIME (MINI 
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RUN ND,312 
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RUN ND.312 

N14--------------~----------.---------"T"""------. 
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0 TSS OUTLET STEA" PllfSSURf 
& TSS OUTLET STEA" TE"PERATUllE 
+ T66 OUTLET fLOW 
X T66 CHARGE &TEA" fLDW 
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312-15 

RUN N0,312 

',+----~----r------r----""""T----r------r----""""T-----, 9:J.oo 4.00 s.oo 12.00 16,00 20,00 24,0D 28,DD 32,DD 
40703-II-3 TIME C MIN l 



Run No. 

Type of Run 

Run Length 

Run Description 

Notes 

4-134 

313 

Load Demand Change 

35 min 

Initial load demand of 7 MWe (net busbar). At 

t=2 min, ramp demand up at 4%/min to 12 MWe; 

at t=18 min, ramp load demand down to 7 MWe 

at -4%/min ramp rate. 

Simplified TSS discharge storage model used. 

40703-II-3 



SUMMARY OF SPP PERFORMANCE <RUN NO 313.r 

SPP POWER lEVELS· 

STU/HR X l.0•6. 

AVG. PEAK· . MIN AY§ 

GROSS SGS INPUT POWER 146.737 146.738 146.738 43.0l 

t}ET OUTPUT POWER OF SGS. TO-

TOTAL 134.392 137;,322 124.308. 39.39 

EGS 114.612 135.204 93.158 33.59 

TSS 18.568 37.595 0.000 5a44 

NET TSS POWER TO EGS -0.000 -~Q_(?_Q__ -- -0 nnn ovvv · -0..._M 

MWTH · 

p~ 

43.01 

!..a.ill 

39.63 

n.02 
2-,.Q_Q 

313-1 

Mlli 

43.01 

ll...il 

27.30 

.. o.oo -

-~ 
EGS GROSS GENERATOR OUTPUT<MWE1= 11.28 13.55 8.75 

GROSS CYCLE HEAT RATE<BTU/KW•HRl= 25053134 0 1488.7 • - 9772 • 

_________________ TO~T_A~L~N~E~T~E~N=E_RG~Y~D~E~Ll..'{EP-ED(KW-HRSl SGSL£G.L 19305,5 _IQ_ TSS 3127.7 FROM TSS 

~ TOTAL RADIANT ENERGY IN= 24716o6KW-HRS.EFFICIENCY<NET ENERGY OUT/TOTAL IN>=0.9070 

;~ . NET CHANGE TN· TSS ENERGY . 3080.06 CKIH-tRS! . >; 
;J, - . TOT AL. ELE.C ENEQGY _GENERATED= ____ 5~~_1!4W-HB.S.EL __ ---------'----- · · 

---------------------------'-F-"Oc..L.,,l,.,,O"'W_..r~N_,,G_U=N~J T~s ~RE-DEG-:f • PEG-f/l;!R • PSU •IN 

SGS PERFORMII.NCE AVG PEAK . MIN 
----------------~TFW-::J:!I~_E_~TEMP 396,0 ---· 415.1 376.2 

TD-DRU~ TEMP 611.5 613.6 608.0 
TPSHO-PSH TEMP OUT 782.B 790.l 773 0 5 
TS~o..:ssH TE'~P OUT 957.0 960.8 949.3 

-,-----------------=Tc-=PSHM-PSH IIIETAL TEMP 827 • 8. 836.l 816.5 
TSSHM-SSH METAL TE,..P. 994.2 998.9 97-9 0 6 

-~---------------~P~S~H~METAL ___ IfMP RATE_ 34,3 ___________ ,_6_J_3_._~_ •161.4 
SSH METAL TE~P RATE 27.9 1614.0 -65 0 8 
PPSHO-PSH PPES.CUT 1592.5 1617.5 1555.3 

_ PSSHO-SSH PPES,OUT 1509.l 15..1i.._l 1481.4 
---------------~ PD-DRU~ PRES 1675.5 1701,1 1633.Z 

DELTA DRUM LEVEL 0.07 0,59 -0.39 
-'----~-----------~PH~PNCI-HP NOZ __ PRES 1461 • 8 ____________ 1469__._3 1450.? 

TSS PERFOR!IIANCE_ 
THHTC-HOT HITEC TEMP O. O. O. 
TCHTC-C0LD HITEC TEM O. O. o. 

___ ,:QJ_L-=MAI_r,J ..QIJ,,_TE~--- __ _g_. __________________________ Q_._c ______________ .O~------
DDRLW-DEL TA ORUM LEV O. O. O, 
PDRU~-CRUM PRESSURE O. O. o. 
TPREH-PREHEATER TE~P O, 0 
TDSH-DESUPER•TEMP O. o. O~ 



MlSCELLANEOUS,RECEtvtRCAlftTY TERMS-

DNI-DIRECT .NORMAL INTENSITY(KW/M-SQl• 
OINC-INCLDENT AVAILABLE POWERCMWTl 

AVG 
0.9807 

62,6862 

11.5155 ORDB-PEDIRECTED POWER TO BOILER <MWT> 
-------'------'=0-='8707P_-R=--E'=-D:'-7.I R=-'E'=-'C=-=T::-:E~Dc--::P:--:Oc"WER TC .PSH ( MWT l . ~ • ~ ::::::: 

ORDS-~EDIPECTF.D POWER TO SSHCMWTl 
ORDC-RfDIRECTfD POWER TO CEILING(MWTl 
ORDT-TOTALREDIRECTED POWER TO CAVIT'U_M!!Il 

"9 ;ru.'2 

,.tiruu 
5.2304 

49 1 fll03 

OABB-ABSORBtD · POWER ON BOILER CMWTl 29.9706 

PEAK 
0.9807 

6l,686~ 

31.5154 
7J943 
5.6700 
5.2304 

491~H!l 

29.9705 
~------------Q~A-=-8'='P_-~AB=-="SO=--R="S="E'="O~·~·P=-"O'-'.'W"=E=R,__.,O~N_P51·:t<MWT I , 1 Z"t r a r •(; 

OABS-ABSORBF.D POWER ON SSH(MWT) 
- -•-ft .. ~,,.1,-
5.7905 5.7905 

OABC-TOTAL ABSORBED POWER ONTO CEILINGCMWT) 
OABF-TOTAL ~BSOR6ED POWER ONTO CAVITY FLOORIMWTJ 
OABT-TOTAL A8SORBEO POWER INTO CAVJTY(!'4WTl 

' ., ... 

QASPFB-801LER ABSOReED POVER<I OF DESIGN MAXI 
OABPFP-PSH ABSORBED POWER(% OF TOTAL DESIGN MAXl 
OAaPFS-SSH ABSORBED POWER(% OF TOTAL DESIGN MAXI 
OABPFT-TOTAL ABSORBED POWER<~ Of TOTAL ~ESIGN MAXI 

QRDtNC-RATIO,REDIRECTEO TO INCI!>ENT POWER TOTALS> 

5.3834 5.3834 
011873 011813 

48.5794 48.5795. 

.Ua..1230 65.1230 
15.7487 15.7487 
12.5823 12.5823 
23,454 23.454 

o. 791 · 0.191 
------------~-----0-:-:-A._BINC-RATIO•ABSORBED TI) INCIDfl\lT POWER_.I.Q.IAL.5.1 ,77' D• 
~ QA8RD-RATIO ABSORBED TO REDIRECTED POWER TOTALS> 

- 775 
0.979 0.979 

8 QA88RA-RATE OFCHAN(jE•BOTLER ASSOR.B.ED POWERl'l/,/MTN) o. o 
~ · QABPRA-RATE OF CHANGE•PSH A850RBED POWE~(%/MINl Oo 0 = QABSRA-RATF OF CHANGE•SSH ABSORBED POWERC%/MINl -
~ QABTRA-RATE Of CHANGE•IQTAI ABSORBED POWFR!l/flUN) 

o. 

TCAVl-CEILIN~ TEMPERATURECOEG-Fl 
TCAV6-CAVITY FLOOR TEMPERATURE<DE~ 

.o_. 

1553.1 
653.2 

• o. 

2123.4 
656.3 

30,.2 ;::rrf 
MIN 

0.9807 
6Z16§f13 

31.5154 
7aU43 
5.6700 
5.2304 

42.6101 

29.970'5 
1• 2!tTII' 
5.7905 
5.3834 
0-1813 

48.5795 

65.1230 
15.7487 
12.5823 
23.454 -

o.791 
OeI15 
0.979 

o. 
o. 

982.8 
650.1 

TOTAL AVALA~Lf DIRECT NORMAL ENERGYIMWT-HRSJ: 36.062 
--"------------------"R~E,..,.D:..,RECTJ;J)_f'jE._RGY_L1'1.~RS..L,..IQ.IAL=,.2_!;!.._2_4a_o1LER=_ l.8_._ll.P..SHE ___ 4_.__l_lt.55H.;, ___ .3..e.21i..c.E..1.I.J..l ...1.I.nNG11oS"':~..:i3c.ee.J.10c.i.l __ ~----

ABSQRBED E~EqGYCMWT-HRSl ,AOILER= 17.24P5H= 4.17SSH= 3.33CEILING= 3.lOFLOOR= O.llTOTAL= 27.95 

- ------ -------
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4-137 

C!l AVAILABLE INCIDENT &OLAR roWER 
& REDIRECTED &OLAR POWER TO CAVITY 
+ TOTAL 666 ABSORBED POWER 
X 666 ABSORBED POWERCZ OF AVAILABLE! 

-

313-3 

RUN'ND.313 

. 

.,._ ______________________ ----....-------.-----~ 
9:i.DO s.ao ID,0D 15,0D 2D,00 25,0D 3D,OD 35,0D 40,00 

40703-II-3 TIME CMINJ 



4-138 313-4 

(!) REDIRECTED 5DLRR roWER TD CRVJTYCY. Df RVRJLRDLEJ RUN ND.313 

.& BOILER INCIDENT rDWERCY. Df CAVITY INCIDENTJ 

+ rsH INCIDENT rDWERCY. Df CAVITY INCIDENTJ 

X 55H INCIDENT raWERCY. Df CAVITT INCIDENT! 
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4-139 313-5 

Q) gs-BOILER HERT INrUT 
& grsH-f6H HERT INrUT 
+ g&6H-66H HERT INrUT 
X gT-TDTRL HERT JNrUT 

RUN ND-313 
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TIME C MIN l 
30.00 35.00 40.00 



0 
C . 

0 
co . 

0 
C\I 

(/) 

a::: 

. 

0 
CEI . 
0 

LW 
1-0 
LW,.. z=o ..... 
1-
z 
l.Wc 
Uo 

0 
I 

C .... 
0 

I 

0 
CD 

0 
I 

C 
C\I 

.... 
I 

-

0 
0 . 
C .... -
0 
C . 
C -

og ..... •c 
0 -

C 

w'? 
1-0 ceca 
a::: 
LW 
z:c 
-C? 
1-o 

CL. 
z: 

... 

L.Wc 
1-C:' 

_J~ 
cc 
1-
LW 
z: 

0 
0 . 
C 

0 
C . 
C 

C!:I TP6MDDT-P6H METAL 
& T66"DDT-66H "fTAL 
+ 666 DRUM LEVEL DEVIATJDN 

4-140 313-6 

C\11-4---------------------------------.-----. 10.aa s.aa 10.ao 15.00 20.00 25.00 30.00 35.00 40.00 
40703-11-3 TI ME C 11 IN l 
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4-141 313-7 

RUN ND.313 
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~ rD-DRUM rRE66UREcnrRI 
.a. WO-DRUM BUTLET FLBWCKG/HRI 
+ WFW-FEEDWRTER FLBWCKG/HRI 
)( WRTT6r-RTTEnr. 6rRAY FLBW[KG/HRI 

313-8 

RUN ND.!'13 

-·~'------,.------.------,.------.--------.-----,-----,------, 35,00 40,DD ""'b.ao 5,DO 10,0D 15,00 20,0D 25,DD 30,DD 
40703-II-3 TIME CMINl 
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4-143 

C!) N6G0-6G6 OUTLET 6TEAn FLOWCKG/HRI 
A T6G0-6G6 6TEAn OUTLET TEnP.[DEG-CJ 
+ P6G0-6G6 OUTLET PRE56URECnPAI 
X PHPNCI-THROTTLE PRE56URECnPAI 

313-9 

RUN N0,:113 

'°'.-t------,,-------.------,----...... ---------,-----r-----, 
•o.oo s.oo 10.00 15.oo 2c.oo 25.00 30,00 35,00 40,00 

40703-II-3 TIME C MIN l 
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4-144 

CVHP-H~ TURBINE GOVERNOR VALVECPUl 
CVLP-LP TURBINE GOVERNOR VALYECPUl 
WHPTI-HP TURBINE INLET fLON 
WLPTI-LP TURBINE INLET FLOW 

s.oo ID,00 
40703-II-3 

313-10 

RUN N0,313 
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4-145 

(!) MNDEM-MEGFINATT DEMANDtr.u.1 
4. r6G6T-TDTAL 6G6 NET rDNEft DELIVERED 
+ f6G6T-TDTAL 6G6 NET ENERGY DELIVERED 

&.DD 1D,DD 1&,DD 2D.DD 
40703-11-3 TIME Cl''IINl 

313-11 

RUN ND.313 

25,DD 3D,DD 3&,0D 40,0D 



4-146 

(!) nc6 INTEGRATED nEGAMATT ERRDR 
4 MC6 INTEGRATED PRES6URE ERRDR 
+ T66 6TORAGE OUT COMMAND 
X T66 STORAGE IN COMMAND 
~ TURBINE GOVERNOR tOMMAND 

313-12 

RUN ND.313 
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4-147 

(!) gR-666 RADIANT INrUT/SCMWTI 
41. MWE-GENERATED BU6BAR rBWERCMWEI 
+ EGEN-GENERATED BU6BAR ENERGYCMNE-HR6I 
X ET66-CHANGE T66 ENERGY LEVELtMWT-HR6I 

313-13 

RUN ND.!11!1 

N+-----r-----,-----r----....-----"""T------r-----"T"'""----, 1
D0 D0 5-0D 10.00 15,00 20.00 25.00 30.00 35,0D 40-0D 

40703-II-3 TI ME C MIN l 
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4-148 

+ T66 FW JNLfT FLDW[KG/Hftl 
X T66 ATTf"rfR~TDft FLDWCKG/Hftl 

313-14 

RUN N0.313 

co,.,_ __ _.,__, ____ ...,.1----.11...,,------...-------.-----...--,----11------, 
"b.oo s.oo ID,00 1&.00 20,00 2 ,DD 3D,DD 35-DD 4D,DD 

40703-II-3 TI ME ( t1 IN l 



Run No. 

Type of Run 

Run Length 

Run Description 

Note 

4-149 

314 

Failure Effects 

7 min 

SGS recirculating pump flow rate reduced to 5 0 

percent of nominal beginning at t=2 min. 

Simplified TSS discharge model used. 

40703-II-3 



. ' SUMMARY . OF SPP PERFORMANCE .. CRUN NO 

SPP POWER LEVELS 

AVG 

B-TU/HR. X, 10•6 

. PEAK 

GROSS SGS INPUT POWER 146.738 

NET OUTPUT POWER.OF SGS TO-

TOTAL 132.205 

EGS 94.568_ 

tss 37.222 · 

146.738 

134.786 

94.853. 

38.482 

MIN 

146.738 

124.]!)8 

93.158 

31.128 

NET T5_S POWER TO EGS ,:;:o,ooo ___ o~!i~.:_.=_Q,_ooQ-

EGS GROSS GENERATOR OUTPU-T(MWE1=· 

• GROSS ·CYCLE HEAT RATE(BTU/KW-HRI= 

AV.G_ 

43.0l 

3il:ill 

27.72 

10.91 

:,,.~ 

8.91 

J~4J·. 
"':-·. I 

·~--, ""J~·.· .r:a:2~i"I({:i~, 
PEAK MIN ... 

43.0l 43.0l 

Hill :Hill· 

27.BO 27.30 

-u.za ,.12 
· o~oo ·. · ·· i.:o~oo 

8a99 8a75 

iu,,., Y>":~~~mt~:~~, 
--------------- TOTAL NET E~ERGY_Q_!;li.VEREO<KW-HRSl_ SGS/EJ;S_ 

5780021. 

----~907.4 _ __:__~ · 

-~14891. 

llU.a1. FROM TSS ---••-·· 

~ 
TOTAL RADIANT ENERGY IN= 4666.5~W-HRS.EFFICIENCY(NET ENERGY OUT/TOTAL INl=0.8976 

·e .. _ -• -'1, 

NET CHANG.E I~ TSS ENERGY l l 58.94 IKW-HRSJ 

TOTAL E~EC ENERGY GENERATEQ= o.75QIW-.HRS_E_> __ 

):c'):~•i."'-il 
·. '"••-.,,,-- .. ·,tc 
. :-·-::;·-}:1t::r• 

___________________________ __,F._,0,,_.L...,l...,O..,W~I N'i.J.LPtlJ~RE-DEG-F ,PEG-Efl:IR•.f.S.Jh _ 
. •::$,'-:'· 

SGS. PERFORMANCE AVG PEAK MIN c\·, .. • 
---~-----------~ TFW-HP FW TElo\P 376,._6 ____ ---~l.Jl ________________ 3u7_,,4"'._..o'----------

TSS 

TO-DRUM Tf~P 609.l 609.4 608.0 
TPSHO-PSH TEMP OUT 786.0 791.5 773.5 
TSSHO-SSH TE"4P OUT 959.5 _____________ 961.L.O ____ _______li.9..a.3._ _______ ..,.... 
TPSHM-PSH MfTAL TE~P 1!31.2 - 837. 7 816.5 
TSSHM-SSH MfTAL TE~P 996.7 999.2 979.6 
PSH METAL Tf'1P RATE _195.7 _· _________________ 673..•-~------- - 2'te't 
SSH METAL TE~P RATf 177.5 1614.0 -19.~ 

- PPSHO-PSH PRES.OUT 1566.6 1569.9 1555.3 
PSSHO-SSH PRES.OUT 1486.2 _ 14.filt.5 4~ 
PD-ORUM PRES 1646.8 1650.4 • 163·3.2 
DELTA ORUM LEVEL ·-0.10 0.66 -1.27 
PHPNCI-HP NOZ PRES llt55e8 ______ 145~3 _ 1450.7 

PERFORMA!\'.CE 
THHTc-~or~.~H~1=TE=c~T~E~M~P=--.,......--,-;;o:-.-
TCHTc-coLD HITE( TE~ o. 

o. 
o • 

o. 
o. 

TOIL-MA1N OIL TEMP o. 
-------;::o=DRUM-DELTA DRUM LfV o. 

. p.._ 
o. 
o. 

_Q_,. 

o. 
o. 
_Q 

PDRU~-DRUM PRESSURF . o. 
TPREH-PPEHEATER TEMP o. 
TDSH-DESUPER-TEMP o. - -0.· o. 



MISCELLANEOUS R£CEIVER CAVJfY TERll!S ,, -

tiNI-DIRECT ~ORMAL INTENSITY(KW/M-SQ), 
CINC-INCIDENT_AVAILABLE POWFR(~WTI 

QRDB-REO I REC TED POWER TO BO ILER I MWTI 
OBOP-REDIRECTEO POWER TO PS~fMWTl 

---~-~Q=R-D~S~DIR!".CTED POWER TO. SSHIMwTi 
QRDC-Pf.OIRECTEO POWER TO CEILING(MWTI 
QRDT-TOTAL REOIRECTEQ__~WER TO CAVITY<MWT> 

AVG 
0.9807 

62.6864 

31 .. 5154 
.- 7.1943 

5.6700 
5.2304 

49.6101 

--~~-::-

PEAK 
o.9807 

62.6863 

31.5154 
7.1943 
5.6700 
5.2304 

49.6101 

-Ji...2 
MIN 

0.9807 
62.6863 

31~_sn1o 
7.1943 
5.6700 
5.2304 

lt9.6101 
. 0AB8-A9SO~BEO POWER 

OABP-ASSORBEO :POWER 
ON tlOil.ER (MWTI 
ON P.SHtMWTl 

29.9105 
7_._2478 

19.9705 
7_._247l - it:r~: '\:::~ <:%J~ 

CABS-ABSORBED POWER 
QAS-C-TOT_AL IIBSORBED 
QABF-TOTAL ABSORBED 
QABT:-TOTAL ABSORBED 

ON SSH(MWT) 
POWER ONTO CEILING(MWT) 
POWER ONTO CAVITY FLOORIMWTI 
POWER INTO CAVITYIMWTI 

0ABPFB-B0IL£q ABSORBED POWER ('Iii OF DESIGN MAXI ------------~-a---......,:QABPFP-PSH ABSORBED POWERl'lli OF TOTAL DESIGN MAX> 
QABPFS-SSH ABSORBED POWERl'lli OF TOTAL DESIGN MAX,
QAaPFT-TOTAL ABSORBED POWER<'lli OF TOTAL QESIGN MAXI 

5.7905 
5.3835 
0.1873 

48.5795. 

65.1230 
15.7487 

_ 12.5823 
93(.45'-

5.7905 
5.3831t 
0.1973 

48.579, -

65_._1230 
15.7487 
12.5823 
9~~45-4 

QRDINC-RATtC,REDIRECTED T-0 INCIDENT POWER TOTALS> -0.791· Oo791 

5.7905 
5.3834 
0,1873 

48.S?9,, 

··65.1 
15.7487 
12.5823 
93.454 

---~ 0ABINC-RATIOoABSORBED TO JNC!Of•IT POWER __ TOT/LUL___ O. 775 - O, 775 Q,, ,5 0ABRD-PATIO ABSORBED TO REDIRECTED POWER-TOTALS1 0.979 0 0 979 - ---
Cl 'f QABBRA-PATE OF CHANGE•BOILER ABSORBED POWER(UMlNl - _ QASPRA,-RATE OF CHANGE•PSH AEISORBE.D POWER ('lli/MlNl 

· : ~ OABSRA-RATE OF CHANGE• SSH AB5-0R8EO POWER 1'6/MINI - QA3TR~-RATE OF CHANGE• TOTAL AB...sQRM_lLPOWER I lli/,.,..l_Nl 

TCAVl-CEIL!N~ TE~PERATUREIDEG-Fl ________________ _:_TC:,,,Ac:_Ve_:6,,_----"'U V ITY FLOOR TEMPERATURE I DEG-Fl 

o_._ 
o. 
o. 
o_._ 

1090.2 
!150_._ 7 

0... 
o. 
o. 
o. 

1197.7 
~ 

0... o._, 
a. 

- 0... 

·9e2.8 
biQ.u 

·•-~:;~~•:'.c;~-~; 

,'\t::_,;; TOTAL AVALA!ILE DIRECT NORMAL ENERGY("4WT-HRS): _ _ 60808 .;;7;! REDIRECTF.O E"IE_RGY(,.~T-HRSl ,TOTAL= 5.39':lQJ_L£.8:__b__iI.e_fil:E__0.78SSH= 0.62CEILING= 0.57 -_< -----'---------~ARSORBF.D ENFREYIMWT-HRS),BOILEQ= 3.26PSH= Oo79SSH= Oo63CEILING= Oo58FLOOR= 0.02TOTALg 5.Z'B 

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

----------
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4-152 

m RVRILABLE INCIDENT 6DLAR POWER 
A REDIRECTED 6DLAR POWER TD CAVITY 
+ TDTAL 6G6 ABSORBED PDWER 
X SG6 ABSORBED PDWERCZ OF AVAILABLE! 

314-3 

RUN ND.914 

-

~-------'-----..,-----.------.------...... ----...... ----.--,----,.------, 
u.D0 1.0D 2.00 3.00 4.00 5.D0 6,00 7.00 B,00 

40703-II-3 TIME CMINl 
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4-153 

REDIRECTED 6DLAR fOWER TD CAVITYCY. DF AVAILRBLEl 
BOILER INCIDENT POWERCY. DF CAVITY INCIDENT! 

f6H INCIDENT fDWERCY. OF CAVITY INCIDENT! 
66H INCIDENT POWERCY. OF CAVITY INCIDENT! 

CEILING INCIDENT PDWERCY. DF CAVITY INCIDENT! 

- -

. 

314-4 

RUN ND.314 

·4------,.----...----......-------,----...------,-----,------, 9J .aa 1 ·.aa 2 .ao 3'.oo 4'.00 s·.oo s.oo 7,00 a.oo 
40103-11-3 TIME C MIN l 
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4-154 314-5 

RUN ND.!514 
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2.00 
40703-11-3 

3.00 4.00 a.oo 
TIME OUN l 
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4-156 

(!) rD-DRU" PRESSURE[MrAI 
& ND-DRUM OUTLET FLDNCKG/HRI 
+ WFN-FEEDWATER FLDNCKG/HRI 
X NATT&r-ATTEnr. SPRAY FLON[KG/HRI 

1.DD 2.DD 3.DD 4oDD &• DD 
40703-II-3 TIME (MIN) 

314-7 

RUN No.,u 

&,DD 1.00 8,00 
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4-157 

(!I NSGO-S66 OUTLET STEA" FLONCKG/HRI 
a TSGO-S66 STEA" OUTLET TEnr.cDEC-CI 
+ rsGD-S66 OUTLET rRESSURECn~AI 
X rHrNCI-THROTTLE rftESSUREcnrAI 

314-8 

RUN N0.314 

co:+----T-----,..------r-----T-----,..-------r-----T------. 
.... o.oo 1.00 2.00 3.00 4.00 5.00 e.oo 1.00 e.oo 

40703-n-3 TIME C MIN l 
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4-158 

(!) CYHr-Hr TURBINE GIJYEftNOR YALYEcru1 
& CYLr-Lr TURBIN[ GIJYEftNDft YALYE1ru1 
+ NHPTJ-HP TURBINE JNLET rLDN 
X NLrTI-Lr TURBINE JNLET FLDN 

314-9 

RUN N0.:114 

·--------.----;-----1------tll--r----lll-----llt-----r------.... --..... -,,-----, 9i.oo 1.00 2.00 ,.ao 4.00 a.oo &.oo 1.00 a.oo 
40703-II-3 TI ME ( t1 IN) 
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(!) MC6 INTEGRATED M~DAWATT ERROR 
4 MC5 INTEGRATED PRESSURE ERROR 
I· T56 STORAGE OUT COMMAND 
X T66 6TORAGE IN COMMAND 
<!> TURBINE GOVERNOR COMMAND 
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(!) gR-666 RADIANT INrUT/5CMWTI 
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(!) EG6 FW OUTLET TE"r. 
A T66 DRU" LEVEL 
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+ T65 FN INLET FLDNCKG/HRI 
X T66 RTTE"rERATDR FLDNCKG/HRI 

314-13 

RUN ND-314 
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Run No. 

Run Type 

Run Length 

Run Description 

Note 

4-163 

315 

Failure Effects 

7 min 

HP heater failure at t=2 rnin; outlet temperature 

goes to 149 deg-C (300 deg-F) in "step" fashion. 

Simplified TSS discharge model used. 

40703-II-3 
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' ·~ 
\A) 

• 

SUM~,ARY OF SPP PERFORMANCE (RUN NO :nr. I 315-1 

SPP POWER LEVELS 

BTU/HR X 10*6 MWTH 

~VG PEAK MIN AVG PEAK MIN 

GROSS SGS INPUT POWER 146.738 146.738 146. 738 . 43 •. 01 43.0l 43.0l 

NET OUTPUT POWER OF SGS TO-

TOT/IL 132.12A 143.367 124.308 38.73 42.02 36.43 

.EGS 100.oso 102.290 93.158 29.33 29.98 27.30 

TSS 31.283 40.632 27.368 9.17 11.91 a.02 

~ET TSS POWER TO EGS -0.000 0.000 -0.000 -o.oo o.oo -o.oo 

EGS GROSS GENERATOR OUTPUT!MWEJ= 8091 e.99 e.75 

GROSSCYCLE HEAT AATEIBTU/KW-HRl= 5762853. 16122. 14196. 

TOTAL fllET ENERGY DE_LJ_'{_EREf)(KW-HRSl SGS/EGS 3182 __ • 7 TO TSS 994.8 ERQI!! TSS 

TOTAL RADIANT ENERGY IN= 

NET CHANG~TSS ENERGY 

4666o5KW-HRS • EFFICIENCY(NET ENERGY OUT/TOTAL INl=0.8947 

923.67 IKW-HRSI . --- -----

,,~-.::-r 

TOTAL_l:!.J;C ENERGY GENERATED= 0.75(MW-HRS ... 

_________ _.E._,0,,_,L..,L,,,,O"-'W,.._JNG_ur:!.J.ILA~f-:D.EG±.•.D.EG.:·'.E!Ji!u.e.SJA,IN 1·~:; 
SGS PERFGRMANCE AVG PEAK MIN 

_________________ T~FW-Hr l=W T[,.,P ]J_9.l -----~~------- 300.0 

TD-DRUM TEMP 607.2 609.2 606.0 

TPSHO-PSH TE~P CUT 798.7 818.2 773.5 
___ TSS!:iQ-SSH TEMP OUT 9fu_2 ___________ .. ______ 9!,5.8_ 9',:9...3, 

TPSHM-PSH METAL TEMP 845.l 867.6 816.5 
TSSHM-SSH ~FTAL TEMP 1001.0 1006.4 979.6 

~SH MElAL TE~P RATE 471.5 884.8 142.3 
SSH METAL TE~P RATE 246.0 1614.0 -24.0 
PPSHO-PSH PRES.OUT 1552.5 1567.1 1543.7 
PSSHQ~'SSH PPES,OUT__ 1480.8 ________________ .l.'tj!5_.l __ .. __ ___ .L'uh.4~----------

PD-DRUM PRES 1623.7 1648.2 1610.o 
DELTA DRUM LEVEL o.56 1.48 -0.64 

_______________ P~H~P~~~!C~I-H~ ~IOZ PRES 1450.5 _1455 •. L. ___ 1446.0 

.;._ __________ __,T~S=S~PEP.FOR~~NCE ______ _ 
THHTC-HOT HITEC TEMP o. 
TCHTC-COLD HITFC TE~ 0. 

------------:T:--:O~I._.L--__,'-l~_fil_Liill_P ____ ,, ~--------- ____ _ 
ODRUM-DELTA Dl;'U/>I LfV 0. 
PDRUM-t'RIJM P~ESSURE 0. 

_________ TP~t:H-PREHEAlf?_ T(MP O, 
TDSH-DF.SUPf~-TfMD O. 

o. 
o. 

o. 
o. 

_J) o. 
o. o. 
o. j!___ ---

___ OL,_. ----------- ----o. 
o. 



MISCELLANEOUS RECEIVER CAVITY TERMS 

. .. . . .. . . . AVG 
Dl'H-DlRECT NORMAt. JNTENSITY'fKWJM-'SQl • Q.9807 
Q]'NC-UfCIOEPi'r AVAILA8L£. POWER (MWTJ · ... · 62.6864 

QROB-REDIR£CTED POWER TO BOILERIMWTI 31 • 5154 31.5154 31 • 5154 
QBDP.-REDJRECTED POWER TO PSH IMWTl 7.-1943 7.1943 79 1943 
QROS .. Rl:{URECT£Q: POWER TO SSH{MWTJ - 5.6700 5•6700 5.6700 
Q~(lC;..R£bIRECTEO POWER TO ·CEJLINGlMWTI 5.2304 5 • 2304 . 5.2304 . ''·'' 
OROT,.TOTAL REDIRECTED POWER to CAVtTY lMWTI · 49.6101 49.6101 49.t.toL ··" 1.?. 

QABB-ABSORBED POWl:R ON BOILERIMWTI 
QABP-ABSOR6EP POWER ON PSH1MWT1 
QA85-~8£D P{)WER ON· SSH(MWT) .• 
QABC-,TOTAL·AB50RSEO POWER ONTO CEILlNGIMWTI 
QABF-TOTAL ABSORBED POWER ONTO CAVITY FLOP.R1.MliT1 u.JflI~ o.un 0ell11 · · -v 
QABT-TOTAL ABSORBED POWER J~TO CAVITYIMWTI 48.5795 48.5795 48.5795 

,_ _e,..n_ 
QABPFP..--PSH A.BSOR8ED. powER II OF 
QABPFS-SSH MSORBED POWERI ... OF.TOTAL DESIGN MAXI 

:9ABPET-TQTAL ABSORBED PQWEP ('lo Cf .IoIALOES.1.Gl!I.....MAX.l n-"'2"' ..... ,.,.. u • HA· · , .. _,,. ,., 

QRDINC-RATIO.RECIRECTF.D TO JNCJDFNT POWE:R TOTALS) o.79.l o.791 o.791 
0ABINC-RATIQ,A3508BEP TC INCIDENT PQWER TOTAJ 51 0.115 0 • 115 n 175 
QA8RD-IV,TIO ABSORBED TO REOI-REcTEO POWER TOTALS! 0-979 0 • 979 0~979 ·•.··tJ.Jf@;, 

-'---"---'--------'------~-'O...,A~· BBRA!c~.AIE_JlE__Q:iA~1iuBfilL£11 ABSORBED pOwERl'ILHINI 0- o. a. . ;~~,•: 
:lilt OABPRA-RATE OF CHANGE•PSH ABSORBED POWERIJ/MIN> O. o. o. 
::::f QABSRA~RATE OF. CHA~GE,SSH ABSORBED POWER1%/MINI o. O. O• ft QABTRA-RATE Of CHANGf,TOTAI ABSORBED POWER 11\{MIN) a. 0 a. 

:m,. TCA\il-CEILING TEMPERATVRElofG-FI 
~ T(AV6-CAVll.Y_ EJ OOR TEMPfRATIJRE (DfG-Fl 

1090-2 
.6.5.0J 

TOTAL AVALABLE DIRECT NORMAL ENERGYIMWT-HRSI= 6.868 

i197.7 
flll..3. 

8£JllR_FCTED fNfRGY(MWT-HPSl ,TOTAi = ~-39B0IJ ER= 3-42PSH= o.78SSH= 0o62CfII ING- 0,57 

982.8 '. •. 

650+1 
·"/f;' 

ABSORBED ENERGvtMWT-HRSI ,80Il.£R= 3 • 26P5H= o. 79SSH= Oo63CEILING= Oe58FLOOR= 0 • 02TOTAL= 5•·28 

~ 
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4-166 

l!I RVAILAISLE INCIDENT 6DLA" rDWE" 
A REDIRECTED 6DLAft rDWER TD CAVITY 
+ TOTAL 666 AISSDftlSED rDlolEft 
X 666 AISSDRISED PDWERCY. DF AVAILAISLEI 

315-3 
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4-167 

"EOIRECTEO 60LRR roWER TD CAVITYCY. DF RVAILR8LEI 
BOILER INCIDENT rOWf"CY. DF CAVITY INCIDfNTl 

r6H INCIDENT rOWfRCY. DF CAVITY INCIDENT) 
66H INCIDENT rDWERCY. DF CAVITY INCIDENTJ 

CEILING INCIDENT PDWERC1. DF CAVITY INCIDENTJ 

1.00 2.00 3 • 00 4 • oo / 5. 00 
TIME CM I.Ni 

40103-u..:3 

315-4 

RUN ND. 3Jj° 
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s".oo 7.00 
. e.oo 



4-168 315-5 

C!:I QB-BIJILER HEAT INPUT 
A QP6H-P6H HEAT INPUT 
+ QS6H-66H HEAT INPUT 
X QT-TDTAL HEAT INPUT 

RUN NIJ. 31K" 
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4-169 315-6 

(!) TP6"DDT-P6H "ETAL RUN ND.31, 
... T66"DDT-66H "ETAL 
+ 666 DRU" LEVEL DEVIRTIDN 
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4-170 315-7 

(!) CVHP-HP TURBINE GOVERNOR VALVECPUI RUN N0.310 

6. CVLP-LP TURBINE GOVERNOR VALVECPUI 

+ WHPTI-HP TURBINE INLET FLOW 
X WLPTI-LP TURBINE INLET FLOW 
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4-171 

~ nNDfn-nfGANATT DfnRNDCP.U.J 
A P6G6T-TDTRL 666 NfT PDNEft OELJYEftfD. 
+ E6G6T-TDTRL 666 NET fNfftGY DfLIYERfD 

1.00 2.00 :,.oo 4.00 
TIME CMINJ 
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315-8 

RUN NO. ,1.J" 

5.00 s.oo 1.00 8,DO 
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4-172 

(!) MC& INTEGRATED MEGA~ATT ERROR 
& MC& INTEGRATED rRE&&URE ERROR 
+ T&& &TORAGE OUT COM"AND 
)( T&& &TORAGE IN COMMAND 
~ TURBINE GOVERNOR COMMAND 

1.00 2.00 ,.oo 4.00 5.00 
TIME CMINl 

40703-11-3 

315-9 
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4-173 

~ QR-6G6 RRDIRNT INrUT/SCMWTI 
A MWE-GENERRTED BU6BRR POWERCMWEI 
+ EGEN-GENERRTED BU6BRR ENERGYCMWE-HR5I 
X ET65-CHRNGE T66 ENERGY LEVELCMWT-HR6I 

315-10 

RUN ND .311'° 
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& T66 DRUM LEVEL 

4-174 

+ T66 fN INLET fLDWCKG/HRI 
X T66 RTTEnrERRTDR FLDW(KG/HRI 

1.00 2.00 3.00 
TIME 

40703-11-3 

315-11 

4.00 5.00 6,00 7,DO 1!1,00 
CMINl 



Run No. 

Run Type 

Run Length 

Run Description 

Note 

4-175 

316 

Failure Effects 

7 min 

Simulated collector field failure at t=2 min; re

directed power on boiler reduced by 20 percent in 

"step" fashion. 

Simplified TSS discharge model used. 

40703-II-3 



SUMMARY OF.SPP PERFORMANCE IRUN NO 316 • 1 

SPP f'OW~P-LEVELS 
:. 

!HO/AR X 10*6 

AVG PEAK MIN AVG 

~~6ss ·sGs. HJ~j/~owr:1t, 11l~992. · ·-. l1t6.738 
·. . . . . - .' ·. . .. , f:" . · .. 126.114 3.8.69 

I' •.· I 00 I PO I POh· R of SGS f O-, . 

Tf'TIIL 118.565 147.308 109.-878 34.75 

··EGs· ·9:~538 107~103 · 90.151 27.11 

t S:, 22.s6s 42.?61 14.875 6.10 

NET TSS Po~rR TO EGS 0.095 l0.409 -0.001 o.o3 

EGS GROSS,-~ENE~AtOR :OUt-1',UTtMWfl" 8.93 

GROSS cvcce Rf.Al RAltl!Hol'Kw-Ri:?1= 5538062. 

- TOTAL NET E~EPGY DELIVEqEr<KW-HRSl 5~5/EGS 3237.l TO TSS 

AWTR 

PEAK 

43.01 

43.18 

31.57 

12.53 

3.05 

11_.87 

14886. 

782.9 

316-1 

MIN 

36.96 

32 • 21 

26.48 

4o36 

-o.oo 

8.47 

12244. 

FROM TSS 

r-otAL RAMA~IT fNERGY .rN=., . 4~t9.6KW-HRS.EFFICIENCY<NET ENERGY OUT/TOTAL- IN>-=0.8889 

~ ~ 
· 63 T0Ti•L "'LFC ~:'ffClGY GENERATED= 0.91 (l"W-HRSEl .!,. 

--,-,-----,.-------------------------------------------------------...---""".""""".""---, 
--

:o-
·:'~ .··. ·.:. . . . .. . 

.W --'-'---------------- Fot.LOW.INCi -UfflTS :ARE-OEG-F ,O£G-F /HR •PSIA, IN 

NF.'77Y.A•·•Gt 1'1 TSS Ef,ERG'V 765.69 !KW-HRS> 

SGS PEQF(R~A~CE AVG PEAK MIN 
TFW-HP FW TFMD 377.6 396.6 373 • 1 

HH5R01<: TE~P 605.4 609 • 2 603.4 

TPS110-PS1-4· TE~P·.0UT 807.9 '847.'J· 767.1 

TSSHO-SSH TEMP OUT 963 • 8 
-'--------------'------.,,-,,~-,,,,,_;::c;H .. tfAL Tf~•.k 8'55.0 

971 • 7 93404 
9CO.l 810.6 

TS~•~'"--5~cl Y.[TAL TE••P 1003.2 1014.9 965.9 

PSH ~ETAL TFMP ~ATE 762 • 0 1401.5 -553.6 

5S:-t W.EHL TE•~F RATE 419 • 6 
··}. PP51-'0-P5H PP.ES.OUT- '1539-. 7 

-PS~IO-S~H P~ES.OUT 14,4~9 - ·----
----'---------------~(T~.,..751ff'.', l(,03.1., 1LL8 ., 

200,1.4 -17.2 
1567.0 1513.0 
t4A#,_Q 1406.3 

"'""-rg·" 1579.4 

. :)f.L TA ['!'J~ I.EVEL o.n 2.43 -0.46 
PH",,CJ-,-1p "iOl. DRE~ 1444.6 1456.9 1366.6 

TS5 Pf.Qf,:q~,At-!C[ 
------- ""TRP.TC=r,;,>~T;..::..,.~~!~T~F~C..-T.,.,..E~~~r.------,o~.---'-----------,,n-.-.,..a....-----------;; 

V 0 0. 
TCt'iC-Cf'L'.' ~ ITEC T[i,' 0. o. o. 

TOIL-r11r~ C!L TE~P o. o. 
o.-,. o. 
o. o. obRU!i!-C'EHA i>RDM 'LEV 

PC>RU~-DRUM ~ES.SURE 
TP~EH~PREHF TER TE~P C. · --o. o. --- o. Uo --T:1~.,:.-r.f.$u"E =l1 ~Ap . o. n 



MISCELLA~rcus RfCEJVER CAVJTY TERMS 316-2 
. . . . _ . -VG PEAK 

Dllil-DIPFCT NOPMJll IMTENSITYCKW/\1-SQJ • 0.9807 0.9807 
riiTN 

o.9807 
1.7-6863 -·--·---- __ QHJC-H;CJDP,T AV-AILl'.BLE -POWER C~WTI 62.6864 62.6863 --• 

QRDB-AFDJRECTEb POWER TO BCILERCMWTl 27.0089 31.5154 25.2123 
J~DP-~fDIRECTEO POWER TO PS~<~WTJ 7.1943 7.1943 7.1943 
Ol'oS-1:f'.l)p::t"tfED PO~;ER to SSH0-4Wll 5.6700 5.6700 5.6700 
Qll.DC--f<ED!R!:r:TED f'OWER TO CEJLINGCMWTI 5.2304 5.2304 5.2304 

_ Qi'!i)l_'-:T~~~!-- ~!:_()!Rf_~!!:f'_l:_OWEP TO_ CAVITY OOITI_________ 45.1036 ______ 49.6101 43.3070 

QABS-~BSORfF) POWER ON SOJLFP!MWTI 25.7405 29 0 9705 24.0541 
QA9P-ABsoqsEo p~~ER ON PSH(~WT) 7.1902 7.2478 7.1672 -----,-------~~BSORBE'.> POWER ON SSH!14WTJ 5.7563 .5.7905 5.7427 
OA~C-TCTAL ASSnPBED POWER ONTO CEIL!NG!MWTJ 5.3395 5.3834 
QABF-TOTAL ABSOQ8ED FOWER ON~O CAVITY FLOOR!MWTJ Oolb58 0.1873 

5.3220 
0.1572 

·-·-OA':T-18TAL -Ail½P6.ED-P'JWCR l~ITO OVJTY(\lrlTJ . . 44.1922 48
0

5795 42.4431 

OAPDFP-~C!LC~ A!SOPbED POWeRt~ OF DESIG~ MAXI 55,9315 65.1230 •••• 
---------------,O~A~~°FP-PSH AaSORBED POWEP!% OF TOTAL DE~IGN MAX) 15.6235 15.7487 ·- . 

QABPFS~SSH ABSOP.~EQ.POWER!% OF TOTAL DESIGN MAXI 12.5079 12.5823 
--- _ QAi'IPFT-TOTA~L Al'ISOREED POWER(\ OF TOTAL_ iJESIGN MAXI 84.063 93.454 wu• 

• .. , ~671 
15.5736 . 
12.4783 

Dn.319 

OPbi~C:QATIG,PEDIRECTED TO INCIDENT POWER TOTALS! 0.720 0.791 o.691 
QABINC-PATin,A~SORRED TO !NCIDc,T DOWER TOTALS) o.705 0.775 vo, 
OAaFn-C1AT!O A85CRBED TO REDIPECTED POWE0 TOTALS> 0.980 0.980 

n 677 
o.979 

QA'3i3RA-C1ATE ')F C!-'A'!C:E,RC!LEP .A.'3SOP.~ED POWER(%/M!Nl 7.449 3907.378 -, ••· _.,.,, .349 8 ·Q-Ai=,DQ,f.:iqi,.j'c ')F CHA~!6E,PSH AE150:>1ED POWE"!t%/M!Nl 2 0 220 944.920 
-...i Ot"l~;i~-FH;c 1F CHA~;GE,551--' Af'l50P9ED POWER!'!t/MINl 1.778 754.938 

-10:503 
-6.242 B c1A31'<ft-'<ATE or CHANCE,TGTAL "-""SORBFD Po:~ER<%JMIN> 11.447 5607,235 -788.095 l>,. 

I I ..... 
' ..... 

966.3 ..... 
.... o.o 

TCJVl~CEILI~~ TEMPERATUPE!DEG~Fl 1081.3 1195 0 8 Js TCAVl.-C~V!TYFLOClR TEMPEP.ATURE(DEG-FI 650.6 651.l -~• --·----- -- ----------------·--· -·---- -·----·--- --•------ ----,--

TOTAL ~VALl?LF DIRECT NCRYAL ENFAGY<MWT-HRSl= 7,331 
P'::)!'HCTE" F\IFRGY o•·,•T-YQS) ,TOTAL= <;.273CIL!:R= 3, 16PSH= 0,84SSH=_ 0.66CEl1,,ING= Q...61 
ABSC?ElD EN~iGY(MWT-~~Sl,BOILEC1= 3.0lPSH= 0.84SSH= 0.67CEIL!NG= o.62FLOOR= o.OZTOTAL= 5.17 
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RUN NIJ,316 

in~------------------------------------
0 
0 
'+-----....----,-------.------r------,----....-------,,------, 

9J.oo 1.00 2 .oo 3.oo 4.00 s.oo s.oo 7,00 8,00 

TIME C MIN l 
40703-Il-3 



0 
CD . 
tD 

0 
CD . 
II> 

0 
CD . .... 

0 
CID . 
('I) 

en 
0::: 
lW 
1--o 
l.1.JCID 

:cC:. ...... 
1-
z 
lW 
Uo 

CID . -
0 
CID . 
0 

0 
N 

0 
I 

0 
N -I 

-

0 
0 . 
0 
co -
0 
0 . 
II) 
cw, -

og -. •o --

._.. 
0 

wt:? 
1--0 a:co 
a::: 

L&J 
:co _o 
..... ~ 

('I) 

a.. 
:c 
L&Jo 
1--C? 

_J~ 
a: 
1--
1.&Jo 
:Co . 

II) -I 
0 
0 . 
0 

(!) TPSMDOT-PSH METAL 
• T66MOOT-66H METAL 
+ &G& ORUM LEVEL DEVIATION 

4.179 316-4 

RUN NO,Sl& 
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rD-DRUn rRE66U"EcnrR1 
WO-DRUM OUTLET fLDW[KG/HRI 
WfW-fEEDWRTER fLDWCKG/HRI 
WATT6r-ATTEnr. srRAY fLDWCKG/HRI 

316-6 

RUN ND,316 
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~ WSGO-SGS OUTLET STEAM FLOWCKG/HRI 
• TSGO-SGS STEAM OUTLET TEMP,CDEG-CI 
+ PSGO-SGS OUTLET PRESSURECMPRI 
X PHPNCI-THROTTLE PRESSURECMPAI 

1.00 2.00 3.DD 4.DO 
TIME CMINl 

40703-II-3 

316-7 

RUN N0,316 

&• DD 6,DO 7,DO 8,00 



4-183 316-8 

(!) EG6 FW OUTLET TEMP, RUN ND.316 
A T66 DRUM LEVEL 
+ T66 FW INLET FLOWCKG/HRI 
X TSS ATTEMPERATOR FLOWCKG/HRI 
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4-184 

C!) T66 OUTLET &TEA" PRE66URE 
A T66 OUTLET &TEA" TE"PERATURE 
+ T66 OUTLET FLOW 
X T66 CHARGE &TEA" FLOW 

1.00 2.00 :,.oo 
TIME 

40703-II-3 

4.00 
CMINl 

316-9 

RUN N0,316 
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a.oo &.oo '7.00 e.oo 



Run No. 

Run Type 

Run Length 

Run Description 

Note 

4-185 

317 

Cloud Transient 

138 min 

Plant operation using Sandia-supplied solar 

insolation data starting at 4643. 3 hrs. 

Simplified TSS discharge model employed. 

40703-II-3 
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SUMMARY OF SPP PERFORMANCE <RUN NO 317.) 

SPP"POWF.R LEVJ:ts·• 

l1J'ifo 

AVG PEAK 

GRO:SS SG-s· tflPUf.powER. e1~1c1.. u.s.9.oa 

TC'T/IL 81.15A 129.684 

>.EE3 6,:.314 
155 14.453 

NET tss POWER TO EGS 21.25n 

E·GS_ <:RCSS.t;E1ffRATOP OUTPUT!M"1E!= 

GRt,ss C YCLt. Ht ~ I R)! IE I BI O/kW-AP7 = 

98.411 

3Q.9Q2 

84.854 

MIN 

·o.ooC> 

1.537 

· l;.879 

tr.mm 

-0.001 

AVG 

25.'5.3 

23.79 

19~14 

i;;-v; 

7.99 

9.01 

73098323. 

317-1 

PEAK MIN 

41>. 71 ·-o.oo 

38.0l 0.45 

is.:rt4 . o.ss · 

9.08 o.oo 
24.87 

9 • .r.a 

PtoTT. 

-o.oo 

8-.6.l 

~-

'·,':'\ 

··t 

TOT/IL ~F~ ErEPGY rELIVERED(KW-~RS) SGS/EGS 43990.4 To TSS 9734.6 FROM TSS l 
';~;<<<-.· . ...- ... 

l'.C'TAL P.:~!'IAMJ t:::NERG'r IS= 58664o3KW-HRS.EFFJCIENCY!NET ENERGY OUT/TOTAL IfU;.,0.9152 -~-.,s.: . 
---'-----------'"------w.-~(h/1{.1.,r. !:Q I :,S.-0 . ...,E..,R"'?:...,,Y,---9~60.I l !K:.i-HR°SI____ . ,,JY'' 

~ 
.S 

I ---
TOTAL ELEC ENERGY GE~ERAT~D= l6.13(MW-HRSEI 

FOLLOWING ON ITS ARE-OEG-F,OEG-F./Ht:i•PSlA, Ul 

:ciG5 PEPF'.•f>•1,1-: C!'" /!VG PEAK. MIN 
TFW-~P ~~ Ti~p 3P0of 393.6 373.2 
iU-vRC!I> !!:~;t, 601.1 613.l 587,.3 .. Wih 
TPSHO•FSH Tr,tP OUT 797.8 816.3 750.2 
TS5H0:_5SH T['iP OUT 952.4 969.4 920.8 

~--------------~yi,=_,,~-1-:,µ r;f n.L ru .. P P.36.,------ --- --- B64.r 112.4 

TSSM~-ss~ ½~TAL TEM~ 983~7 1009.0 936.8 
PSI--! l'ETAL TEMP RATE · 13.t. 2099.9 -250.l 
ss~, ~r I a[ fHP fiAff 5.9 ---- 2412.2 -21206 
PPSHO-PSH PQfS.1UT 1~22.2 1627.2 1401.6 
P~SHJ-SSH ~RES.our 1481 • 6 ------ 1560.4 1401.6 ----------------.,..,.,,,c--_~ ;J!.'i:S 1562.4____ 1694~ 1401.7 
LJELTA !RU~- L~VrL C.38 4.73 -2.77 
PHP~CI-~ 0 N0Z ~PE5 lt.~l.Q 1528.8 1401.6 ----------,--.,....-------------------

TS5 PEQl=(!R/"ANCF 
~~7'l"J')T7'fr:TT:7:"tt~~• C. -------- ----------- - o. 

TCHTC-r~LD H!Tl=C TE~ o. O. 
TOIL-~tl~ OIL TE~P o. 
D!5RO•~-NLIA 'WtJM lfV . c. 
Pl)RU~~-rPUIA pqESSURE O • 
TP~fH-PrE~E~TfR TE~P O. 

ID~--·-·1 '.'),!fit!•- It ,IP 

o. ----·o;---· 
o. 
o. 

---------~-------0; 

o. 
o. 
o. ______ _ 

o. 
o. 

.,. 
I 



1'.ISCELLMIU''l':. ;:;.u:rivf.R C A\l{TY ffl'"'S 

Dr,I-DIP"CT ••bRII/\L ll\TENSITYIICW/l1-SQI • 
OIN(~INCIDENT AVA!L~ALE·POW~R('-IWTI 

J;V?, 
0.5906 

37.7499 

J5E"AK 
o.9525. 

60.8858 -------------------
UP~•-~~Dlqf(TFn P0~f~ TO 2Dllf.~(~WTI 
ar~r-QFQI1£CTFO POW(? TG r5~,~~T) 

18.3599 
4.4266 

29.2523 
7.0751 

t0>5-PE~dR.Li_lEO POWrR 1,.., 5~PlrAwTT ~--------..----::J•O:;;J~ r 

OPC(-, f') IRECT£0 PO~;rn TO c; I LI ,·G P1l·!TI 
QPCT-T()TAL xf:DJR[(Tf[) POWER Tr, C/\V!TY(M;'IT) 

-----'----'------- ----· 
3.2762 

29.6044 

CA~U-fPSOQ?[O OOWEP ON DOILER(~~Tl 17.4747 

5.2338 
47.2209 --
27.8430 

7.1088 ~A~~-~~~ORH~~ DOWER 0~ FSH(~WT) ______ 404486 
-'-----------.,,;:r:r;-:c"Af SOR!'fiJ PJWE"P7ll'< SSP I PWT) ~~0~5~9----~5~7~6~2-0~ ;;Je 10,cu 

'i."1615 o,ac~TCTAL ABSO~~EP PO~ER o~To CEILl~G(~WT) 3.3565 ------
OAJF-TOTAL"fdSCRB[~ POWEP OhTO CAVITY FLOOR(MWTI o.11ri5 o.1762 

-----------~"~-'~b~' ,--~1~'.1~1~A'TL......,t~'l~s~'.1~F~P.~E~r,-· ~p-m,:r:,,,-,.:m;-avrTYT..,-:~rr --- -is.9903 , , "tOeC.::J.l:J 

t.o.o;oo;, QASf'Fc'-"'01LE.R A'lSOnED POWf"I" OF l)[SIG!l W.AXI 37.9708 ______ _ 
-------------~,,,~A~e~,,~F~u~-~p~:,~H~11~g~s~:.1~,1~a~E~t--~p~,)~ .. ~~TA[...,f:S"IGl\i MAXI . 9.6665 15.4467 

QAPPFS-SSH }~SORRED PO~ERI~ 0F TOTAL D~5IGM MAXI 7.8353 •• c•R• i., •;,c.v:, 
88.467 QAJCFT-TOTAL AnScR~E~ PC~[RI' OF Tf)T~L DESIGN ~AXI 55.473 ____ _ 

----'---------'---------------- ·-----------····--·-· ·-- - ------ -----· ·------------
CJPDir!C:-••ATl'.:'•"cr1r-cCTE[) Tr' P 1(T')f''IT 0 o·.ifR TUTAL51 0.7fs5 0.812 
!:AiJUJC-21\TF·,f.''"r:?r,f•J T'.: Js;C:l"""T r>'l'~"~ TOTALS I O. 769 o.796 

0-;919 ----------------~-~,=,.~,~-. ~A-;-rsr;~Tai-'E!'Tr-'f"(TE'}"-lmW1:1<TI>TAlS,-------·cr.9~7~9~-----.( 

UA~~~~-~ATf QF CHl'~tE•ROJLf:? AR50R8En D0~ER(%/MINI -0.014 6.364 

317-2 
MIN 

0.0000 
0.0001. ------
0.0000 

-0.0000 
---=o-.cfO"IJ"O 

0.0000 
0.0000 

0.0000 
-0.0000 
-o.oomi-

0.0000 
0.0000 
0.0000 

0.0001 
-0.0000 
-0.0000 

0.000 

0.356 
0.344 
0~ 

-5.769 
l • 0.l J. -l.471 
l.314 -l.192 

-~--------------------==.,_.,·"t-?,,:~, •JF 1_,<A·,,,,1:.;;"':f'i-·~f'l""';n-~"t:1)-·pi)Y~~t~/t;,-fr-,:T ---····- -_;Cf~iW4-----~.--,-~-.---
~ ~-~~Pl-CAT~ JF C:HA~GE,S~P ftP50~9ED PO~ED(~/~!Nt -0.003 

9.298 8 ~-!"T"r--?AT<: 'JF Cr/..'''.:E•T::'T"L_ A~c,;,,f:D_Po_~Eo_!_~l:.,INI _____ -o.c20 
I ------------~ TCAVl-Cflll~S T~MF[rATUREl~~C:-F) 

TCAV6-CAVITY FLOQf; lE'~PE?/ITl 1Df"IDEG-FI ·-- ----------· -- -- ----- -

2662.7 
658.7 

TnTAL ~V!LA1Lr ~JPF(T ~~rrrL Fh1EQGY(~1WT-H~5)= 86.A35 

3838.2 
664.7 

-8.431 

993.7 
650.l 

~~C!~•CTF~ f~•n5y(~~r-~c~1,rnT•L= 6~.l010ll[R= 42.23PS~= 10.lBSSH= 8.l5CEILING= 7 0 54 
---------------x,.t::_.~-T'V"'<CTTl',fi".=-t=,:.5r;,-r_'~ITl:,:,·=--4,,-~?,TP"SW0 10 ~ 2"355H= . ·g. Z9Ct"ITTNG-=--,.,2ITOb-R=--o. t5TOTAL= 660 1o 
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