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I GENFRALPHYS.1 G CQRtYWLOLWJV.Zý

120 fast First Street 

Oswego, NY 13126 

(315) 342.5127 

Fax (315) 342.5133 

GP-L-615982462 

December 10, 1998 

Mr. Nick Avrakotos 
SAM Implementation Project Manager 
New York Power Authority 
James A FitzPatrick Nuclear Power Plant 

268 Lake Road 
P.O. Box 41 
Lycoming, NY 13093 

Subject: Independent Verification of Appendix C Calculation in Support of Development of 

Plant Specific Emergency Operating Procedures and Severe Accident Operating 

Guidelines for the James A. FitzPatrick Nuclear Power Plant 

Dear Mr. Avrakotos: 

General Physics Corporation, under Agreement C 98 J 1089 between General Physics and the 

Authority, has completed an independent design review of calculation JAF-CALC-MISC-03116, 

revision 0, in accordance with the Authority's Design Control Manual DCM-4A and the General 

Physics Nuclear Quality Assurance Program. The method of verification was by Alternate 

Calculation per the guidelines of DCM-4A, Attachment 4.  

In summary, the plant specific input data was verified by direct comparison to the references 

identified in materials provided by the Authority. The calculation was verified using EOPCalcTM, 

a custom Mocrosoft® Excel application developed by KLR Services, Inc., specifically for 

performing EPG/SAG Appendix C calculations. Input data provided by the Authority was 

entered in EOPCalc and used to generate a set of plant specific calculations. The results of these 

calculations were compared to those obtained by the Authority. The calculation results obtained 

by the Authority were generally consistent with those obtained by EOPCalc. Small differences, 

judged to be insignificant, resulted from the two methodologies using different sources for values 

of the properties of water; either source used is considered an acceptable reference.  

The results of our independent review will be forwarded to the Authority as General Physics 

Report GP-R-NYPA-98-001.
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GP-L-6 15982462 
Mr. Nick Avrakotos Independent Verification of JAF-CALC-MISC-03116 

Should you have any questions concerning this letter, or if General Physics can be of service to 

you in any other matter, please feel free to contact me directly in my Oswego, NY, office at (315) 

342-5127 or leave a voice message with my pager at (888) 363-1989. Alternatively, I can be 

reached by electronic mail at jrfromni@genphysics.com.  

Sincerely,

D. Burc- ..NYRA 
C. Shaefer, GPC QA 
Report GP-R-NYPA-98-001 file
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OBJECTIVE 

This calculation deten-nines the values of plant specific variables and curves required by the JAF Emergency 

Procedure and Severe Accident Guidelines. These guidelines are in turn used to generate Emergency 

Operating Procedures and Severe Accident Operating Guidelines forJAF.  

DESIGN INPUTS/BASES 

Values of generically determined parameters required as input to this calculation are provided to the program 

through the input file, 'generic data.' The sources of each of the generic values are provided in attachments 1 

through 3.  

Values of plant-specific parameters required as input to this calculation are provided to the program through 

the input file, 'plant data.' The sources of each of the plant-specific values are provided in attachments 4 

through 10.  

Generally, inputs to this calculation are nominal values in accordance .vith the philosophy of using best

estimate rather than licensing basis models for generation of limit curves and point values (reference 1). The 

limits established by this calculation do not represent safety-related or licensing basis (other than the 

commitment to the NRC to upgrade Emergency Operating Procedures for Severe Accident Management) 

design constraints on system (or integrated plant) operation.  

ASSUMPTIONS 

1) For establishing the maximum and minimum normal operating temperatures in the torus airspace, the gas 

temperature is assumed to be in equilibrium with the water temperature. MaXimum normal operating 

temperature is based on the Technical Specification water temperature requiring reactor scram, minimum 

temperature is based on the lower temperature limit given in plant operating procedures.  

REFERENCES 

1. B\WROG Emergency Procedure and Severe Accident Guidelines, Revision 1, July, 1997 

2. ASME Steam Tables, Sixth Edition, 1997 printing, American Society of Mechanical Engineers 

3. B\WROG Emergency Procedure and Severe Accident Guidelines, Appendix C, Revision 1, July, 1997 

REFERENCE DRAWINGS 

None 

METHOD 

This calculation was performed as follows. Steam.exe is executed to create and populate the file, 'thermo 

data,' with values of the properties of water (and steam). 'EOP calculations.exe' is then executed to obtain the 

values required to support generation of the plant specific EPGs and SAGs. General descriptions of 

Steam.exe and 'EOP calculations.exe' are prov-ided in the foflowing subsections. Detailed descriptions of 

calculation processes are provided in the 'COMPUTATIONS' section.



New York Power Authority Calculation No. JAF-CAI C-MISC-03116 Revision 0 

Project: JAFNPP Page 3 of 52 

Subject: EOP/SAOG Support Calculations Computed bi' _______, ___ Date 12/9/98 

Checked by "_ _ Date 

Steam table values are obtained using the Steam.exe application (version 1.30) obtained from the American 

Society of Mechanical Engineers. This program determines the properties of steam and water using the 1967 

IFC Formulation for Industrial Use and other LkPWS releases (reference 2).  

To obtain the steam and water properties required by 'EOP calculations.exe', a fi]e named config.dat w-ith the 

contents shown in attachment 11 must be present in the same directory as Steam.exe. Config.dat specifies the 

file containing parameter ranges for which thermodynamic properties \-,ill be calculated (thermin.dat, 

attachment 12), the file containing program output ('thermo data') and options used during program 

execution. Options specified in config.dat are: 

"* use of US customary units for input and output; 

"* calculation of table(s); 

"* the initial table being at constant pressure; 

* no screen or printed output (output to file only), and; 

* calculation/editing of specific volume and specific heat in addition to pressure, temperature, specific 

enthalpy and specific entropy.  

Thermin.dat specifies: 

"* the initial table will be produced for a pressure of 15 psia with temperature ranging from 320F to 600'F 

at 10F intervals; 
"* production of tables at constant pressures of 500 psia and 1000 psia with temperature ranging from 32 0F 

to 600'F at 1°F intervals; 
"• production of a saturation properties table for temperatures ranging from 32'F to 600°F at 1°F intervals, 

and; 
"* production of a saturation properties table for pressures ranging from 1 psia to 1500 psia at 1 psia 

intervals.  

As previously stated, output from Steam.exe is stored in 'thermo data' which is used as input by 'EOP 

calculations.exe'.  

EOP calculations.exe 

GENERAL DESCRIPTION 

Note: file names of source code as well as function names are written in normal text while specific variable 

names are italicized.  

The source code specific to 'EOP calculations.exe' was written in the C-- language and compiled using 

Microsoft Visual C--, version 6.0, operating within version 6.00.8168.0 of the Mficrosoft Developer's Studio 

environment. The source code is divided among the following files: 

"* do eop calculations.cpp (attachment 13) 

"* plant data.h (attachment 14) 

"* thermo.h (attachment 15) 

"• eop calculation input.h (attachment 16) 

"* shared data.h (attachment 17) 

"* shared functions.h (attachment 18) 

"• mpspcwl.h (attachment 19) 
"* pcpl.h (attachment 20)
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"* stpll.h (attachment 21) 
"* hctl.h (attachment 22) 
" rpv.h (attachment 23) 
"* boron.h (attachment 24) 
"* psp.h (attachment 25) 
"* drvwell spray.h (attachment 26) 
* mdrir.h (attachment 27) 
• scsip.h (attachment 28) 

'do eop calculations.cpp' provides the main fLction for the program, which utilizes modular functions 

defined within the header files (*.h files, listed -bove) to complete the calculation. A listing of all of the 

available functions is provided in attachment Z), which also gives the header file of the function source code, 

a brief statement of purpose, and a cross-refte--nce of associated functions. Descriptions of 'do eop 

calculations.cpp,' 'plant data.h,' thermo.h, 'eop calculation input.h,' 'shared data.h' and 'shared functions.h' are 

as follows. The other header files contain furn -ons which perform the detailed calculations are discussed in 

the 'COMPUTATIONS' section.  

DO EOP CALCULATIONS.CPP 

This file contains the definition of the main L:nction of the program which calculates values required to 

support generation of the plant specific EPGz and SAGs. This program element sequences the order of 

execution of functions which complete the ac7•.ial calculation. The order of execution of main program 

statements is: 

1. loadcplant-datao: loads the plant specifc and generic inputs required by the calculation.  

2. loadthermoO: loads functions for calcui-ion of thermodynamic properties of water and steam.  

3. files are created (and headers written) for storage of intermediate and final results of the calculation.  

4. write.input values0 writes plant-specfic and generic input values to disk.  

5. calc.mpspcwlQ: calculates the Maximurz Pressure Suppression Primary Containment Water Level. This 

value is required as an input for calculation of the Heat Capacity Temperature Limit (HCTL), SRV Tail 

Pipe Level Limit (STPLL) and Pressure Suppression Pressure (PSP).  

6. sequence pcpl0: controls the order of execution of functions which ultimately result in calculation of 

Primary Containment Pressure Limit (PCPL) A and PCPL C. PCPL A is an input to calculation of the 

HCTL and PSP.  

7. calc-stpll0: calculates the STPLL.  

8. calc_tsp_.hctl_20: calculates tip_hctl 2, -e HCTL low-pressure endpoint, as a function of torus water 

level. The results of this calculation are ="puts for calculation of the Minimum Debris Retention Injection 

Rate (TDRIR), Minimum Number of SRVs Required for Emergency Depressurization (MNSRED), 

Minimum RPV Flooding Pressure (MNRFP), Minimum Core Flooding Interval (MCFI), HCTL and PSP.  

9. sequence-rpvo: controls the order of execution of functions which ultimately calculate the Minimum 

Alternate RPV Flooding Pressure (MARFP), MNSRED, MRFP, MCFI, Maximum Core Uncovery Time 

Limit (NICUTL), Minimum Steam Cooling RPV Water Level (fSCRWL) and Minimum Zero-Injection



New York Power Authority 
Calculation No. JAF-CALC-MISC-03116 Revision 0 

Project: JAFNPP Page 5 of 52 

Subject: EOP/SAOG Support Calculations 
Computed by Date 12/9,'98 
Checked by _ Date 

RPV Water Level (MZIRWL). MRFP is required as input into calculation of the MDRIR and HCTL.  

TNISRED is required as input into calculation of the HCIL.  

10. calchctlo: calculates the HCTL. The HCTL is used as input for calculation of the Boron Injection 

Initiation Temperature (BIIT) and PSP.  

11. sequence borono: controls the order of execution of functions which ultimately result in calculation of 

the Cold Shutdown Boron Weight (CSB\X), Hot Shutdown Boron \Weight (HSBWX) and the BIIT.  

12. calcpspo: calculates the PSP.  

13. calcdwsilQ: calculates the Drywell Spray Initiation Limit (DWSIL).  

14. calcmdsfO: calculates the Minimum Drvwell Spray Flow (iDSF).  

15. calcmdrirO: calculates the Minimum Debris Retention Injection Rate (MDRIR).  

16. calcscsipO: calculates the Suppression Chamber Spray Initiation Pressure (SCSIP).  

17. freethermoO: releases memory used for storage of thermodynamic properties of water and steam.  

In C--, program execution begins with the main function, which is called automatically. Descriptions of 

functions called by main are provided in the remainder of this section, or in the 'COMPUTATIONS' section, 

as appropriate.  

PLANT DATA.IH 

'plant data.h' declares the plant specific and generic input variables required to perform EOP support 

calculations and defines functions to load values of these variables into memory from file. Definitions of the 

functions included within 'plant data.h' are as follows: 

assignjint0: 

Operates on values of type 'char' to return a value of type 'int.' 

The algorithm implemented is: 

The library function istrstream is used to declare an input buffer named dataustring (in this case 80 

characters long) which is loaded with the contents of the character type variable used in the function 
call (/ine_as__stin ). Data__string is then available for use with the extraction operator,'>>,' as a source 

of input. In the case of this function, the contents of dataostring to the first delimiting character (blank 

space) are placed in retuin value, which is given back to the statement that called the function.  

The function is called with an assignment statement of form: 

a = assign int(h'ne.asjtring) 

assign-floatO: 

Operates on values of type 'char' to return a (floating point) value of type 'double.'
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The algorithm implemented is: 

The library function istrstream is used to declare an input buffer named datla tring (in this case 80 

characters long) which is loaded with the contents of the character type variable used in the function 

call (line as strng). Data_string is then available for use with the extraction operator, '»,'as a source 

of input. In the case of this function, the contents of data-string to the first delimiting character (blank 

space) are placed in returnvalue, which is given back to the statement that called the function.  

The function is called with an assignment statement of form: 

a = assign-float(line-_asstriný 

assign-n-floatso: 

Operates on values of type 'char' to return an array of (floating point) values of type 'double.' 

The algorithm implemented is: 

The library function istrstream is used to declare an input buffer named data string (in this case 80 

characters long) which is loaded with the contents of the character type variable used in the function 

call (line as string). Datastring is then available for use with the extraction operator, '>>,'as a source 

of input. In the case of this function, a loop is executed njloats times, with each execution reading 

input off of data tjring to the next delimiting character (blank space) and assigning it to the next 

element of the array variable (return Poats) used in the function call.  

The function is called with a statement of form: 

assign-n-floats(,line as strin, returnfloats, njloats) 

load-plant-datao: 

Requires no input value from its calling statement and retums an integer value indicating the status of 

execution of the function. The function operates on variables defined in its associated header file, 'plant 

data.h' and requires input files named 'plant data' and 'generic data' to successfully execute.  

The process implemented is: 

The strcpy library function is used to assign the file name 'plant data' to a character variable, inputfike, 

then the ifstream library function is used to associate this variable with an input stream (datajfile). A 

block of memory sufficient to hold the contents of the input file is then allocated and the file is read 

into memory using an assignment statement of format data-filel.getlineO. After the file has been read 

to memory, it is closed. Individual lines of input are read from memory using 'strcpy' and variable 

assignments are made using 'strcpy' or the user defined functions 'assign-int,' 'assignfloat,' or 

'assign-n-floats' as appropriate to the variable type. In the case of structured variables, the individual 

elements will be obtained by assignation from the array returned by assign.n-floats. Theses 

assignments will be contained within foro loops, as appropriate.  

When all of the plant specific variable values have been assigned, the memory containing the input 

file contents will be deallocated.
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Generic data is then loaded into the appropriate variables using the same process used for loading 

the plant specific data, with the exception that the input file is 'generic data' (rather than 'plant data'), 

and the input stream is called data-i.2 (rather than datail).  

The function is called with an assignment statement of form: 

a - load-plant datao. The value assigned to a indicates whether loadplant data was successful in 

opening the input files, 'plant data' and 'generic data.' A value other than 0, indicates the function 

did not execute successfully.  

TI IE'RMO.H 

Thermo.h declares variables to describe the thermodynamic properties of water and steam for use within the 

EOP support calculations. Functions required to initialize these variables using values obtained from the 

execution of steam.exe and that allow assignment of steam table values to variables used in other program 

modules are provided. Definitions of the functions included within thermo.h are as follows: 

loadthermoO: 

Requires no input value from its calling statement and returns an integer value indicating the status of 

execution of the function. The function operates on variables defined in its associated header file, 

thermo.h and requires an input file named 'thermo data,' created by execution of Steam.exe with input 

files config.dat and thermin.dat (attachments 11 and 12) to successfully execute.  

The process implemented is: 

The strcpy library function is used to assign the file name 'thermo data' to a character variable, 

input-file, then the ifstream library function is used to associate this variable with an input stream 

(datafile). A block of memory sufficient to hold the contents of the input file is then allocated and 

the file is read into memory using an assignment statement of format dataufile.getlineO. After the file 

has been read to memory, it is closed. Individual lines of input are read from memory into a variable, 

lne-asjsIrn (which is 80 characters long) using the 'strcpy' library function. The contents of this 

variable are then loaded into an input stream buffer, data_string using the istrstream library function.  

The structured variables (pointed to by subff.ptr, sub500_ptr, sublOOOptr, sat 'temp .ptrand 

sat-presrptr) are then loaded using the extraction operator, ',' acting on data_stng. These 

assignment processes are embedded in loops, since the input data file has a repetitive structure based 

on temperature and pressure. Lines of the input file not containing thermodynamic data are jumped 

over by resetting the pointer into memory.  

When all of the thermodynamic property variable values have been assigned, the memory containing 

the input file contents will be deallocated.  

The function is called with an assignment statement of form: 

a = load_thermoO. The value assigned to a indicates whether loadthermo was successful in opening 

the input file, 'thermo data.' A value other than 0, indicates the function did not execute 

successfully.  

Functions which return thermodynamic properties of water and steam:
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Saturated water and steam properties as a function of pressure 

Functions are provided to determine the properties of water and stearn at saturation as a function of 

pressure (in psia). The process used is the same for each property, with the exception that each 

function accesses elements of the array pointed to by satbjpress-ptr holding values of the relevant 

parameter. Parameter values are available for pressures within the range I psia to 1300 psia, inclusive.  

The first step in this process is to determine the location in the array of the next lower pressure than 

the value input to the function call. This is done using the int3 library function to convert the input 

value from a floating point value (of type 'double') to an integer and subtracting 1 (since index 0 of 

the satlpressptr array contains values for 1 psia). This value is assigned to lo_index. This wxill be used 

as an offset into dte array pointed at by satb)pressptr. The following steps in the process are 

dependent on the input pressure.  

For input pressure lower than 1500 psia (the largest value for which thermodynamic data is stored), 

the offset to the next location in the array is determined by adding 1 to lo_index and assigning the 

result to hiindex.  

The value of the desired parameter at the lower index is then assigned to baseJourput_va/ue. Next, the 

difference between the value of the parameter at the high index and at the low index is assigned to 

deltaoutpuLvalue. The difference between the input pressure and the next lower integer value of 

pressure is determined by subtracting hi_index from pressurein, with the result assigned to 

delta-pressure. Finally, the value to be returned by the function is determined by evaluation of the 

expression: 

basejouiput va/ue + (de/ta pressurr * deltaqoudput.value).  

Functionally, the process (which does not determine the return value by an assignment statement at 

the high end of the range of stored values) is represented by the following set of equations: 

For y f(x), 
Xo0 int(x) 
Xhi - X1. + 1 

via= f~xo) 

Ay = f(xhi) - yio = yhi - ylo 

Ax x -xi.  

y = yi. + (Ax * Ay) 

note: int(x) returns the portion of x left of the decimal point; the expression, A-x * Ay, makes use 

of the fact that Xhi - X4 = 1 to eliminate the denominator normally associated with the product of 

Ax and Ay; when xio and xii are converted to the indices, loindex and hiindex, the respective 

values are 1 smaller since the first location in the array (zero offset) has a value of 1.  

For input pressure exactly equal to 1500 psia, the value returned by the function is determined by 

assignment from the location pointed at by (satb)press-tr + loindex).  

Available functions, listed by their calling convention, are (more functions are available than are 

required by the EOP support calculations in anticipation of reuse of the code in the future):
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tsat(pressure-in): returns saturation temperature [rF], given pressure [psia]; 

hfsat-by-p(pressurJin): returns saturated fluid enthalpy [Btu/lbm], given pressure [psia]; 

hgsat-by-p(pressure in): returns saturated vapor enthalpy [Btu/Ibm], given pressure [psia]; 

sfsat-by-p(pressure-in): returns saturated fluid entropy [Btu/lbm], given pressure [psia]; 

sgsatby-p(pressure in): returns saturated vapor entropy [Btu/lbm], given pressure [psia]; 

vfsatbbyp(pressurevin): returns saturated fluid specific volume [ft3/lbm], given pressure [psia], 

vgsatbyp(presSure in): returns saturated vapor specific volume [ft3/lbm], given pressure [psia]: 

cpfsat_by-p(pressurefin): returns saturated fluid specific heat [Btu/ 0 F-lbm], given pressure [ps;4a>; 

cpgsat by p(pressure in): returns saturated vapor specific heat [Btu/ 0 F-lbm], given pressure 

[psia]; 

Saturated water and steam properties as a function of temperature 

Functions are provided to determine the properties of water and steam at saturation as a function of 

temperature (in 'F). The process used is the same for each property, with the exception that each 

function accesses elements of the array pointed to by satbtempptr holding values of the relevant 

parameter. Parameter values are available for temperatures within the range 32TF to 600TF, inclusive.  

The first step in this process is to determine the location in the array of the next lower temperature 

than the value input to the function call. This is done using the into library function to convert the 

input value from a floating point value (of type 'double') to an integer and subtracting 32 (since index 

0 of the sattbytemp.ptrarray contains values for 32TF). This value is assigned to hkindex. This will be 

used as an offset into the array pointed at by satb'temp.ptr. The following steps in the process are 

dependent on the input temperature.  

For input temperature lower than 600TF (the largest values for which thermodynamnic data is stored, 

the offset to the next location in the array is determined by adding 1 to lohindex and assigning the 

result to hi index.  

The value of the desired parameter at the lower index is then assigned to base-outpuLvalue. Next, the 

difference between the value of the parameter at the high index and at the low index is assigned to 

delta_guoutLva/ue. The difference between the input temperature and the next lower integer value of 

temperature is determined by subtracting (lo_index + 32) from temperaturein with the result assigned 

to deltatemperature. Finally, the value to be re ned by the function is determined by evaluation of 

the expression: 

base..outputvalue + (deltajtemperature * delta_M/put.value).  

Functionaly, the process (which does not determine the return value by an assignment statement at 

the high end of the range of stored values) is represented by the following set of equations: 

For y = f(x), 

x= int(x) 

xhi X1o + 1 

)= f(Xo) 

Ay = f(xh) - y1o = yi.- 1 

Ax = x -Xt 

y = yio + (Ax * Ay)
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note: int(x) returns the portion of x left of the decimal point; the expression, Ax * Ay, makes use 

of the fact that xhi - X1. = I to eliminate the denominator normally associated with the product of 

Ax and Ay; when xio and xhi are converted to the indices, lo_imk' and hiinde.v, the respective 

values are 32 smaller since the first location in the array (zero offset) has a value of 32.  

For input temperature exactly equal to 6000 F, the value returned by the function is determined by 

assignment from the location pointed at by (satlb'temp-pir + lo-inde4.  

Available functions, listed by their calling convention, are (more functions are available than are 

required by the EOP support calculations in anticipation of reuse of the code in the future): 

psat(temperature in): returns saturation pressure [psia], given temperature rF]; 
hfsatbyt(temperature in): returns saturated fluid enthalpy [Btu/lbm], given temperature FF]; 

hgsat by t(temperature -in): returns saturated vapor enthalpy [Btu/lbm], given temperature [rF]; 

sfsat by t(temperature -in): returns saturated fluid entropy [Btu/lbm], given temperature f F]; 

sgsat-by-t(temperature -in): returns saturated vapor entropy [Btu/lbm], given temperature [FF]; 

vfsat by t(temperature in): returns saturated fluid specific volume [ft3/lbm], given temperature 

[fF]; 
vgsat_.by_t(emperatutr -in): returns saturated vapor specific volume [ft3/lbm], given temperature 

[FF]; 
cpfsat-by.t(temperature -in): returns saturated fluid specific heat [Btu/'F-lbml, given temperature 

[fF]; 
cpgsat.byt(temperature -in): returns saturated vapor specific heat [Btu/ 0 F-lbm], given 

temperature rF]; 

Subcooled water and steam properties 

Functions are provided to determine the properties of subcooled or superheated water and steam as 

a function of pressure (in psia) and temperature (in 'F). The process used is the same for each 

property, with the exception that each function points to a different element in the arrays containing 

thermodynamic data (the arrays each contain structured variables). Parameter values are available for 

pressures of 15 psia, 500 psia and 1000 psia, vith temperatures within the range of 32*F to 600TF, 

inclusive.  

The first step in this process is to determine the location in the array of the next lower temperature 

than the value input to the function call. This is done using the intO library function to convert the 

input value from a floating point value (of type 'double') to an integer and subtracting 32 for 

temperature (since index 0 of the ubl5.ptr, sub5Optr and subl00ptr arrays contain values for 

32°F). This value is assigned to lo&index. This will be used as an offset into the array pointed at by 
sub! __ptr, sub500_utror sub OOOLpfr, as appropriate. The offset to the next location in the array is 

then determined by adding 1 to lotineAx and the value is assigned to hi_index.  

The next step in the process is to evaluate the pressure entered in the function caU. This is done 

using an 'if' statement to test the value of pressure. The intermediate steps of the process (which are 

the same independent of pressure) are applied to different arrays depending on the result of this test.  

Intermediate evaluations are performed on the array pointed at by rub!5.pir for an input pressure of 

15 psia, swb5OO..ptr for an input pressure of 500 psia and sub OOOQptr for an input pressure of 1000 

psia.
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If the input temperature is below 6000 F, the value of the desired parameter at the lower index is then 
assigned to base outputj'alue. Next, the difference between the value of the parameter at the high 

index and at the low index is assigned to delta outpuL_value. The function next determines the value of 

delta lemperature by subtracting (lo_index + 32) from the input temperature. Finally, the value to be 

returned by the function is determined by evaluation of the expression: 

base-ou/put~value + (Jdeta-temperature * de/ta-outputvalue).  

Functionally, the process (which does not determine the return value by an assignment statement at 

the high end of the range of stored values) is represented by the following set of equations: 

For y = f(x), 
Xio = int(x) 
Xhi X1. + I 
yio = f(Xlo) 

Ay = f(xh.) - yio y .- yio 

Ax X - xi.  

y = yio + (Ax * Ayv) 

note: int(x) returns the portion of x left of the decimal point; the expression, Ax * Ay, makes use 

of the fact that xhi - o = 1 to eliminate the denominator normally associated with the product of 

Ax and Ay; when xi. and xhi are converted to the indices, loindex and i, the respective values are 

32 smaller since the first location in the array (zero offset) has a value of 32.  

If the input temperature is exactly equal to 600 0F, the function returns the value of the parameter at 

the input pressure and 600TF.  

Available functions, listed by their calling convention, are (more functions are available than are 

required by the EOP support calculations in anticipation of reuse of the code in the future): 

hpt(pressureýin, temperaure in): returns enthalpy [Btu/lbm], given pressure [psia] and temperature 

[oF]; 
spt(pressurzein, temperature in): returns entropy [Btu/lbm], given pressure [psia] and temperature 

rF]; 
vpt(pressurerin, temperaturein): returns specific volume [ft 3/lbm], given pressure [psia] and 

temperature rF]; 
cppt(pressurein, temperature in): returns specific heat [Btu/ 0 F-lbm], given pressure [psia] and 

temperature [rF]; 

freethermoO: 

Requires no input value from its calling statement and returns no value. The function frees the memory 

pointed at by sub 15_ptr, sub5OOptr, sub IOOO-ptr, salb.tempptr and sat bpress_-.tr.  

The process implemented is: 

The deleten library function is used to deallocate the memory used to store thermodynamic data.

The function is called with a statement of form:
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freethermoQ 

EOP C.-\ICUVION INPUT.H 

This file defines the function, writeinput-valuesO, used to write values of inputs used in the calculation to a 

disk file (which also contains the final results of the calculation). A brief description of this function is: 

write-inputvalueso: 

Requires the name of the file used to store the final results of the calculation on disk. This function 

returns no value.  

The process implemented is: 

The library function ofstream is used to declare a file buffer namedfinaLout 01, attached to the 

physical disk file named in the string passed to the function through the variable,fina__O1. Since it is 

desired to add to a pre-existing file, the file is opened in the append mode, by inclusion of the 

instruction 'ios::app' in the function call. Strings describing plant-specific and generic inputs, with 

associated values, are placed on the file stream using the insertion operator, '<<.' \'hen all values 

have been output, the file stream is closed to assure that the associated file buffer is flushed so that 

all data are output.  

The function is called with a statement of form: 

writeinputvalues(finai 

SI-L\RED DATA.H 

This file declares variables used to carry data between functions defined in different header files (i.e., the value 

of the variable is determined by a function defined in one header file and used as an input by a function 

defined in another header file).  

SHARED FUNCTIONS.H 

This file defines functions that are used within more than one other header file. The functions defined 

accomplish simple mathematical tasks (determining maximum and minimum values, interpolating between 

values). The following functions are defined: 

interpolateo: 

Operates on values (floating point) of type 'double' to return a value of type 'double.' 

The algorithm implemented is: 

yVid = % + {(yi•-ylo) * [(xmid- xb) / (xi- YQo)]}, where 

y = f(x)

The function is called with an assignment statement of form:
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.y i = interpolate(xi, XAi, X,,i, ,) 

nin-floatsO: 

Operates on values (floating point) of type 'double' to return a value of type 'double.' 

The algorithm implemented is: 

min(x, y) = x, if x < y 

min(x, y) = y, ifx> y 

The function is called with an assignment statement of form: 

a = rain(b, c) 

max-intO: 

Operates on values of type 'integer' to return a value of type 'integer.' 

The algorithm implemented is: 

max(x, y) = x, if x > y 

max(x, y) = y, if x:5 y 

The function is called with an assignment statement of form: 

a = max(b, c) 

max.floatso: 

Operates on values (floating point) of type 'double' to return a value of type 'double.' 

The algorithm implemented is: 

max(x, y) = x, if x > y 

max(x, y) = y, if x < y 

The function is called with an assignment statement of form: 

a = max(b, c) 

COMPUTATIONS 

The order of execution of functions that calculate values that support generation of the JAF EPGs and SAGs 

was discussed in the previous section. This section describes the calculations performed by these functions.  

Many of the functions discussed in this section also contain code to vrite results of the computation to the 

file containing intermediate or final results as appropriate. In each of these cases, the ofstream library 

function is used to declare an output file buffer and attach it to a previously created disk file (passed to the 

function through the calling statement). Results are then placed in the file using the standard insertion
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operator, '<<, acting on the specified file stream. When all results have been written to file from a given 

function, the file stream is closed to assure that the file buffer is emptied (and not leave objects hanging). File 

streams are renamed in each function to avoid compiler errors due to redefinition of variables. No further 

description of the process of writing output xwil be provided in descriptions of individual functions.  

Intermediate results of the computations are provided in attachment 30.  

Maximum Pressure Suppression Primary Containment Water Level: MPSPCWL 

The MIPSPC\VL is the highest torus water level [ft] at w-ich the pressure suppression function of the primary 

containment is assured (reference 3). The value of this parameter is assigned to the variable mpspcw/by the 

function, calc-mpspcwl0. The equation used for the calculation (which implements the reference 3 

calculation methodology) is: 

mpppcw = hring - hspref 

This is implemented in the function as a simple assignment statement.  

Primary Containment Pressure Limits: PCPL-A, PCPL-C 

Reference 3 provides the following bases for the PCPLs. The PCPLs are the lesser of: 

"* The pressure capability of the primary containment.  
"* The maximum primary containment pressure at which vent valves sized to remove all decay heat from 

the containment can be opened and closed.  

* For PCPL-A, the maximum primary containment pressure at which SRVs can be opened and will remain 

open.  

sequence-pcpl0 

Calculation of PCPL-A and PCPL-C is controlled by the function, sequence-pcplo. The sequence of 

execution of functions called by sequence.pcplo is: 

1. get component-strengtho 
2. calcdppc4;dwlpcQ 
3. pressure forsrvsO 
4. pressure for component(indexl), called iteratively for each of the defined primary containment 

members.  
5. calculate-pcplo 

. 6. pcpl-forscalcso 

7. do.pcpLoutput(interim_03,finaLO3) 

The process used by each of these functions is described below.  

sequence.pcpl0 is called with a statement of form: 

sequence.pcpl(interim,finaý (interim andfinal bring the output file names into the function so that they 

may be subsequendy passed to do.pcpLoutputO).

getscomponent.strengthO
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This function calculates the material strength (at 'calculation' and 'limiting' temperatures) of primary 

containment components for which pressure-retaining capability was determined. The calculation is 

performed iteratively for each component defined in the plant specific data (i.e., nbrpcmembers).  

The temperature [FF] at which the pressure retaining capability of a component was calculated is obtained 

by assignment from the plant specific data: 

The limiting temperature [rF] to be used for a given component is assigned to /_uim from generic data 

depending on the value of a flag indicating the location of the component (1 signifies drywell, 2 torus).  

A flag indicating whether yield (1) or tensile (2) strength is to be used when evaluating a given component 

is assigned to inde.x2 from plant specific data.  

A flag indicating the material a component is constructed from is assigned to index3 from plant specific 

data. Values of the flag are the same as used in reference 3, i.e.: 

1. SS304, SA340, SA320 and A312 
2. S21800, A193 and A194 
3. A36 
4. A160 Gr. B and A105 
5. A201 Gr. B, A212 and SA516 

The next segment of code determines the temperatures [rF] for which generic material properties are 

stored that bracket the limiting temperature applicable to the component and assigns the values to bijemp 

and lo_temp. The same information is combined with the flag indicating component strength basis to 

determine the generic material strength at lo-temp and hi:emp, with the values assigned to lojstrength and 

histrengtb. The normalized material strength at the temperature for which the component pressure 

retaining capability was calculated is obtained by passing _tIemp. hitemp, _cak, ikstren~gth and hi_strengh 

to interpolate0, with the result assigned tor-a__calc. The normalized material strength at the limiting 

temperature for the component location is obtained by passing lo_temp, hi_temp, tLm, o__strength and 

hiftrength to interpolateo, with the result assigned to -. zt urn.  

The fractional strength of the material at the component limiting temperature relative to the strength of 

the material at the temperature used to determine the pressure retaining capability of the component is 

determined by dividingsr__atIJim byfi-aLa,/c and the result is assigned tojfieldlim.  

get-component.strengtho is called with a statement of form: 

get-component-strengthO 

calcdppc_dwlpcO 

This function evaluates the rate of change of hydrostatic pressure applied to submerged portions of the 

containment as a function of water level The algorithm used is: 

dppcaw/pc = 1 / (144 * vfflooa), where 

vfjlood = vpt(l5, tsp_ oo0)
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The units of dpp__wpc are psig/ft and vfood is in ftj/lbm. Contrary to the Appendix C methodology, subcooled water properties are used to determine 's ood rather than saturated water properties. This is 

more appropriate since EOP action levels are formulated to preclude taking the containment 

subatmospheric (as would be required to cause water at tsp_,/oodto reach saturation).  

calc dppc dwlpco is called with a statement of form: 

calcdppc-dwlpco 

pressure-for..srvso 

This function determines the limit on primary containment airspace pressure (in psig) such that SRVs can 

be opened. These values are assigned to the 120 x I arrav,ppc__n]f.  

To open the SRVs, the airspace pressure must be at or below the pressure of the pneumatic supply to the 

valves (psiopjnsv) less the differential pressure required to open the valves (dpsfr). This value is 

compensated for hydrostatic head of water in containment as applicable.  

The function initializes containment water level at 0 ft. For water level at or below the height of the SRV 

solenoids, the limiting pressure is determined by subtracting dpsrv frompsup~sv, i.e., 

ppc.sn'Dl = psupsry - dpsn 

This calculation is performed iteratively at intervals of 1 ft in water level.  

When water level is above the SRV solenoids, but below the elevation of the (highest) containment vent 

(hventpc), the hydrostatic head of water above the solenoids must be accounted for by subtraction from 

the pressure required to open the valves. This is performed by solution of the following equation: 

ppcjsnf = (dppcjdw/pc * (hsrv - wvc)) + psup_.n' - dpsrv 

Again, the calculation is performed iteratively at intervals of 1 ft in water level.  

By definition, the PCPL is 0 for water levels above the elevation of the containment vent. This definition 

is coded in the final section of the function. In this section, ppcjsrvD array locations corresponding to 

water levels above bvenLpc are assigned the value 0.  

pressure-for.srvso is called with a statement of form: 

pressure-forsrvsO 

pressure forcomponents 0 

This function calculates the limit on primary containment airspace pressure (in psig) to ensure that the 

load imposed by that pressure does not compromise the structural integrity of the component. These 

values are assigned to the 10 x 120 arrays, ppc__calc and ppc_r'm. The component for which calculations are 

to be performed is passed to the function through the parameter, indexi which is referred to as 

componentno internally to the structure.
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T"he fnction initially assigns the elevation of the component from the structure defining the component 

properties to hjn, i.e., 

h_n = pc__daia[component no].h_n 

Next, containment water level is initialized at 0 ft: 

wlP4 c = 0 

Following this, the pressure limits for the component are determined for water levels up to the elevation 

of the component. For these levels, no correction is required to account for hydrostatic head of water 

above the component. The pressure for which component integrity is calculated is directly assigned to 

ppc__,'a /,f] : 

ppc_.cal,l] 0 = pc--dataa'pcal.-n 

The pressure at which component integrity is assured at the limiting temperature for the component 

location is determined by multiplying the calculated pressure by the ratio of the material strength at the 

limiting temperature to the material strength at the calculation temperature ýbield limn) and the result is 

assigned to ppcjimn 0: 

ppcjim[] [ = pc--datafB pcac--n * ffiddflima 

These calculations are iterated for 1 ft increments in water level until water level is above the elevation of 

the component.  

For water levels above the component and below the elevation of the containment vent, the pressure 

limits for the component are corrected for the hydrostatic head of water above the component. The 

pressure for which component integrity is calculated is corrected as follows: 

ppc_ cad ln = (dppcdjwc * (hLn - wlpc)) + pcdatao.pcak-n 

And the pressure at which component integrity is assured at the limiting temperature for the component 

location is: 

ppcjlimo g = (dppc dwlpc * (bn - w/oc)) + pcdatalo.pca/- n * frielimg 

These calculations are iterated for 1 ft increments in water level until water level is above the elevation of 

the containment vent.  

IB definition, the PCPL is 0 for water levels above the elevation of the containment vent. This is coded 

in the final section of this function by assigning 0 toppccal/c] 0 and ppcjimU a array locations 

corresponding to water levels above hrent_.pc.  

pressurejfor_componentO is called with a statement of form: 

pressure-forcomponent(index) 

calculate.pcplO
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This function calculates PCPL-A and PCPL-C.  

Upon entry, this function initializes the 120 x 1 array pvorponen•] which will store the limiting 

component pressure to an arbitrarily high value (1500).  

Next the limiting pressure (pjomponen,1]\, to assure component integrity is determined as folows.  

Ppccah4] [ is assigned to p_,omponenl] if _,'omponent is larger through the function rain-floats (acting on 

p-componentl and ppccaw4] f). Ppclimois assigned to p componenJ if pomponent is larger through the 

function rainfloats (acting on p-comporer.f] andppciimo o). This process is repeated iteratively for each 

defined component (so the lowest value ofppcical]fj and ppci-Ain 0 for all components at a given water 

level (index)) is obtained. The process is repeated iteratively for all indices from 0 to 119 (i.e., for all water 

levels).  

PCPL-C, uncorrected for hydrostatic head of water above the torus pressure instrument tap is obtained 

by iteratively determining te lower of p_,omponentj (the containment structural pressure limit) and 

ppc..vent (the limiting pressure for containment vent valve operability) as a function of water level. This is 

done by applying the minfloats function toppc_vent andp-componenfl4 and assigning the result top~pLcfl.  

PCPL-A, uncorrected for hydrostatic head of water above the torus pressure instrument tap is obtained 

by iteratively determining the lower of -,'srvo and ppLct] (i.e., consideration of SRV capability to 

operate is added to maintaining containment structural integrity and the ability to operate containment 

vent valves) as a function of water level. This is accomplished by applying minfloats to ppcjnrvD and 

p~plco and assigning the result to pcpL_.a.  

These pressure limits are then corrected for the hydrostatic head of water above the torus pressure 

instrument tap as follows. First, wlpc and a corresponding index (indexi) are reset to 0. Then, while woc is 

less than bscap (the elevation of instrument tap), w/pc and index! are iteratively raised by 1. Finally, the 

correction for hydrostatic head is applied by iterative solution of the following equations (incrementing 

wlpc and indexi by 1 at each step): 

pp•_a] = p~pLaa + (dppc dwlpc* ( hslap)) 

pplf] = ppLct] + (dpp,-_dwnc * ( b.. - hsctap)) 

calculate.pcplo is called with a statement of form: 

calculate-pcplo 

pcpl-for-calcso 

This function generates the input required for calculation of the HCTL and PSP and stores the results in 

the 1 x 11 array, pcL~to._calc]. Values are required for elevations ranging from the downcomer openings 

to the Maximum Pressure Suppression Primary Containment Water Level. Elevations considered are: 

9.58, 10, 11, 12, 13, 13.88, 14, 15, 16, 17 and 17.85 ft. Since the index intoppLat corresponds to 

containment water level (in feet),pcpL.to._calcs] for levels not directly stored are obtained by interpolation 

using the previously described interpolate function.  

pcpLfor-calcso is called with a statement of form: 

pcpl forcalcsO
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do-pcpl-outputo 

Since interim and final results of the PCPL calculation were stored in arrays, rather than printng the 

results during execution of the functions tha: generated them, output was grouped in this sirgle function.  

The process used is that which was already described.  

do.pcpl outputo is called with a statement of form: 

do-pcpl-output(interim,fina) 

SRV Tail Pipe Level Limit: STPLL 

The STPLL is the lesser of the MPSPCWL and the highest torus water level at which opening an SRV \--ll 

not result in exceeding the code allowable stresses in the SRV tail pipe, tail pipe supports, quencher or 

quencher supports. The values defining the curve satisRying these criterion, stored in the 1 x 5 array, sti.Leopo, 

are determined by the function, calc.stpll0.  

The first operation carried out by calcstpll is initialization of values which remain fixed throughout 

function execution. Design margins for SRV quenchers, quencher supports, tail pipes and tail pipe supports 

are obtained using the following relations, respectively: 

fderýq = (100 * pq code / pqjdes) - 100 

fdes _qs = (100 * tpqs-code / pqs._dex) - 100 

fdesýp = (100 * ptp-code / pqtpdes) - 100 

fdes_ýp = (100 * pis code / ppses) - 100 

Then p5t, , the RPV pressure for which actuation of an SRV would not result in exceeding design allowable 

stresses is determined. First the limiting component is found by successive application of the min-floatso 

function to the pairs (s_.q,fdes_.qi), (pqv,.i', ) and (pt-,faess) with the result in each case assigned 

to prp,'_. Prp,__ is then assigned the value: 

p~rzzt = (p * prpvjl / 100) + prpv_. where 

p -ptp is the pressure used in the SRV tail design stress analysis.  

Reference 3 defines the maximum allowable SRV tail pipe water leg length (w/lma-x) as a function of RPV 

pressure (prpt) by: 

,w,. €,pz) = (dpipdppv * (ppv._t -pr. / dpw// 

Since JAF has only one SRV tail pipe configuration, I have modified the reference 3 process to more directly 

obtain the values defining the STPLL. Rather than solving the above equation, then using the reference 3 
'inversion' procedure to find the torus water levels corresponding to wl/max, I have manipulated the relation 

to obtain the maximum allowable reactor pressure as a function of water leg length: 

pmrsure = ppýv - (wII,* (dpp-dwI/ / dprp_@ip)) 

This is then solved for each of the values of n7defined in the plant specific input, srvd4]. SrvdA] is a structured 

variable with elements wIl and spwl corresponding to water leg length and torus water level, respectively. The 

corresponding torus level is obtained by direct assignment from the input values, srivdA.spwL The respective 

assignments are to the elements pressure and level of another 1 x 5 array,ptpv-brraka.
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Since the pressures determined above may be outside the range of pressure to be plotted on the EOP limit 

curve (0 psig to the maximum available indicated RPV pressure, prpv_maxind), another 1 x 5 array, slp/A], 

truncated on RPV pressure is defined. After initializing rp/Al] to zero, indices pointing at locations with 

pressure less than prpvmamaMnd and 0 are found and the number of locations required to store water levels 

with non-zero pressure is determined.  

If no pressures were above ptpvma.xind, prpvtbreakf elements with pressure at or above 0 are transferred 

direcdy to stp/A]. Otherwise, an interpolation is performed to determine the water level corresponding to 

prpV_ma\ind and this level and ppv..maxind are placed in the first element of stpiAJ. This is followed by 

assignment of subsequent elements ofprtpvbreakn with non-zero values of pressure to silpA.  

If there were pressures below 0 in prpv break O.pressure, an interpolation is performed to find the water level 

at which pressure is 0. The next element in silp/] is then assigned pressure of 0 and this water level.  

Finally, the points defining the STPLL are determined by truncating the curve defined by sp/llA at mpsp'w1, 

with the values stored in the 1 x 5 array, siplLeop. Initially, sipll eopa is assigned the values of slp/lA. The value 

of the index of the first element of stplLeop for which level is above mpspml/is then assigned to hi-index (if 

such an element exists). An interpolation is then performed to determine the pressure corresponding to 

mppcwl. If another element ofsiplLeopU filled with (0, 0) exists, the contents are replaced by (0, mpspcwr.  

If no elements of silp/ contain levels above mprpwl, then program execution falls through with siplLeopa the 

same as filia].  

calc-stpll0 is called with a statement of form: 

calcstpll(interim,fina), where intenrm andfinalare the names of the output files to which results are to be 

written.  

Heat Capacity Temperature Limit, Low-Pressure Endpoint Temperature: tsp-hctl_2 

The HCTL low-pressure endpoint temperature, tspjxhL2 is calculated as a function of torus water level for 

values between hdco (elevation of the downcomer openings) and mpspcvw (maximum pressure suppression 

primary containment water level). This temperature is the more limiting of tscmmax, the temperature capability 

of the torus (a plant-specific input) and tsc__pcpA] (the temperature at which torus pressure will reach PCPL-A 

with all of the air or nitrogen in the containment in the torus airspace).  

The function, calc-tsphctl_20 calculates the HCTL low-pressure endpoint temperature as a function of 

torus water level and assigns the results to the 1 x 11 array, tsp-bcal20. Execution of the function begins with 

determination of the values pgsc,pnsc_sc and w.p_,'m. Pgjsc is the partial pressure of water vapor in the torus 

airspace at tsc minop, the minimum normal operating torus airspace temperature. Pg~sc is determined by calling 
the function psatO, with the value, zsc.minop. Pnsc_scis the partial pressure of dry nitrogen or air in the torus 

airspace normalized to 100*F using the ideal gas law. It is determined by evaluation of the following 

relationship: 
pnsc~sc= ((psc.maxop + 14.7 -pg-s0 * 559.69) / (tscminop + 459.69), where 

pscmaxop is the maximum normal operating torus pressure.  

The lower limit for torus water level, w@_lim is determined by subtracting the elevation of the torus level 

instrument zero (reference value), hspjrf from the elevation of the downcomer openings, hdco.
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The following parameters are all evaluated as a function of water level by execution of the 'for (indexl =0; 

index1 < 11; ++ indexi)' loop: 

The partial pressure of dry air or nitrogen originating in the drvwell, when in the torus airspace is determined 

next and assigned to the 1 x 11 array, pnscdw]. The equation evaluated is: 

pnscjdwo = ((pdwmaxop + 14.7) * 559.69 * vdw) / ((tdw.minop + 459.69 :'tornso.rscait), where 

pdw-maaxop is the maximum normal operating drywell temperature, 

vdw is the dnrwell free volume, 

tdwu_minop is the minimum normal operating drywell temperature and 

v'ones .vscair is the torus air volume as a function of water level.  

The rate of change of pressure with temperature of all gas in the torus airspace is assigned to the 1 x 11 array, 

dpscdtsc•l by evaluation of the equation: 

dpsc~tscl] = (pnsc_ sc + pnsc__dwa) / 559.69 

The temperature at which torus airspace pressure will reach PCPL-A, iscep:T.1] (an I x 11 array) is determined 

as follows: 

tsc ptpla is initialized at tscminop.  

The gas pressure (in psia) corresponding to this temperature, pgas, is determined by evaluation of the 

equation: 

P-gas = (dpsc,.dts4] * (tsc.pcppl + 459.69)) + psat(tsc-ppt]) 

This pressure is then compared to PCPL-A (converted to an absolute pressure by adding 14.7 to 

ptpL/toIcalcso), and ifp.,gas is smaller, tsc..cp•p4 is increased by 0.1 and pgas at the higher temperature is 

determined. This process is repeated (by the 'while' loop) untilp_.gas is above PpLZto-calcs + 14.7). 0.1 is 

then subtacted from 1sc_Ptpp] to obtain the highest temperature at which the gas in the torus will not exceed 

PCPL-A.  

Next, tsphctL2_2 is determined by using the rain-floats0 function to find the lower of tc__pcpfl and tsc_.ma.< 

The value of txpbhctL_2[ corresponding to the torus minimum normal operating water level is assigned to the 

variable, tsphctl_2_co by this function. The method used is to test whether the input water level, vtorusl].wksp is 

less than 13.9 ft. If it is, tspjhcL20 is assigned to tsp..hctL2.lco (i.e., the assignment will not be performed if 

the input water level is at or above 13.9 ft). This strategy makes use of the fact that successive elements of 

L'torusfl correspond to the minimum and maximum normal operating torus water levels, 13.88 ft and 14 ft, and 

no entries exist for levels between these values.  

calcjtsp-hctl_20 is called with a statement of form: 

calctsphct_2(inteim), where interim is the name of the output file to which results are to be written.

RPV Variables



.NCW A LS&% L � .

Calculation No. JAF-CALC-MISC-03116 Revision 0 

Project: JAFNPP Page 22 of 52 

Subject: EOP/SAOG Support Calculations Computed by Date12/9/98 

Checked by _ Date 

Calculation of values of variables and curves associated with the RPV is controlled by the function, 

sequencejrpvo. The sequence of execution of functions (and a brief description) called by sequence-rpvQ is: 

1. init_rpvvaluesO: determines the enthalpy of water pumped from the torus by calling the function, hpt0 

with pressure equal to 500 psia and temperature equal to LsphJtL2_ico. This variable is available for all 

subsequent functions called by sequence-rpvo. init-rpv-yaluesO is called with a statement of form, 

initrpvvalue(intenim), where interim is the name of the output file to which results are to be written 

2. calc marfpo: calculates the ;ALkRFP 

3. calcmnsredo: calculates the M-NSRED 

4. calc-msrp0: calculates the MSRP 

5. calc-mrfp0: calculates the MRFP 
6. calc_mcfio: calculates the MCFI 

7. calcmcutlo: calculates the MCUTL 

8. calcmscrwlO: calculates the MSCR\%'L 

9. calcmzirwlO: calculates the MZIR\XL 

The method used to calculate each of the parameters associated with the RPV (based on reference 3) is 

described below.  

sequence-rpvo is called with a statement of form: 

sequencerpv(interimfinas, interim andfinalbring the output file names into the function for use in 

printing section headers in the files, and so they may be subsequently passed to other functions called 

by sequence-rpvo.  

MINIMUM ALTERNATE RPV FLOODING PRMSSURE: \LkRFP 

The MLARFP is the lowest RPV pressure at which steam flow through open SRVs is sufficient to preclude 

clad temperature from exceeding 1500TF irrespective of whether the core is covered with water. ,L-kRFP is a 

function of the number of open SRVs, and its values are calculated using the function, calcmarfpo.  

Best-estimate SRV flowrate, wsrv_be, defined as 1100 'o of the nameplate flow (wsnrname, a plant-specific input) 

is determined by evaluation of the expression: 

wsrvbe = 1.10 * wsinname 

The reference pressure,psrv ref, for best-estimate SRV flowrate is 103% of nameplate pressure, psrvname (a 

plant-specific input) is determined by evaluation of the following expression: 

psr-ref = 1.03 * psr_name 

The specific SRV flowrate, dwsndprpv, given critical flow through the valve is: 

dwsr-dprpv = wsrbe / (psw_rrf + 14.7) 

The maximum bundle steam flowrate, wg_1500_max, required to maintain peak clad temperature below 

1500OF is determined as follows. Wg_.1500_max is initialized at a value of 0. Then for each fuel type described 

in the plant-specific inputs, wg_1500_mavxis set to the larger of (the previously stored) wg,_1500_max and" 

w,g15 0 0 0 (plant-specific input as a function of fuel type stored in an 1 x 10 array) using the maxfloatso
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function, operating on wg_1500_max and g_1500[I. This is done by iteration beginning with an index of 0 

and ending with an index of 1 less than the number of fuel types, nbrfeelopes (plant-specific input).  

The ninimum core flow required to maintain peak clad temperature below 1500T, wg..core I, is determined 

by multiplying wSg._5OO._max by the number of bundles in the core, nbuns (plant-specific input).  

NLkRFP is then calculated and stored in the I x 7 array of structured elements, marf]p.n open (number of 

open SRVs) and mafpI.pressure. A loop assigning (indexi I" 1) to mafpJ.n open and assigning marfp .pressure, 

maO.pressure = (wgj_corer / ((indexl + 1) * dwsrp_dj•v)) - 14.7 

is executed for indices ranging from 0 to 1 less than nsr_;jds (the number of SRVs assigned to ADS, plant

specific input).  

calcmarfpo is called with a statement of form: 

calc_marfp(interim,fina) 

MINIMUM NUMBER OF SRVS REQUIRED FOR EMERGENCY DEPRESSURIZATION: MNSRED 

-NSRED is the larger of: 

"* The least number of SRVs which, if opened, will remove all decay heat from the core at a pressure 

sufficiently low that the ECCS with the lowest head w,,ill be capable of making up the SRV steam flow.  

"* The least number of SRVs which correspond to a NLXRFP sufficiently low that the ECCS with the lowest 

head will be capable of making up the SRV steam flow at the corresponding NARFP.  

NNSRED is calculated by the function, calc mnsredO, as described below.  

Low pressure ECCS take suction on the torus, therefore the density of water pumped is: 

rhojfip = 1 / (k3 * vpt(5 0 0 , tsp_hctL2j__co), where, 

k3 is a constant loaded with generic data, and 

500 psia is the pressure specified for this parameter by reference 3.  

This density is then used to calculate the volumetric flow rate equivalent to agjotiK.r (the value of which was 

determined by calc-marfpQ) as follows: 

zufj core_l = wg.core_1 / (60 * rhofp) 

The RPV pressure at which LPCI is able to provide at least wf coreo 1, ptrpl is determined as follows.  

Starting with the last element in the array specifying LPCI flow as a function of reactor pressure, /pdflowD, 

ai_fiowxaflow is compared to wfJcore_l. If Oiflowdfiow is smaller than wfcore1, the index into the array is 

decremented and the test of ifpowl.fjow against nf_,ore_1 repeated. Since the plant-specific 4p5diowo values 

are ordered from high flow to low flow, this loop is exited with the index variable pointing at the first element 

in Odeýowa with Odcjownflow at least as large as wi'_. This index is then used to retrieve the value of 

pressure, biJflo,.pressurTe which is assigned to prpv4_i.
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The code which determines the RPV at which LPCS is able to provide at least wfjcorrj1, plpv§cs is deterrr ned 

using the same process as was used for LPCI, with the exception that the plant-specific input is contained in 

the array, csjlowo and the result is assigned toprpv_cs.  

The lowest RPV pressure at which a low head ECCS pump can inject flow sufficient to maintain MARFP is 

the lower of ptpvpid and prpv_cs. The value is determined using the infloatso function with the result 

assigned to ppv_1_.  

The number of open SRVs required to maintain NL-RFP is obtained by finding the first element of the 

ma.4 array for which the value of the pressure element is lower than prpv_. (madrý is ordered from high to 

low RPV pressure). The number of open SRVs corresponding to this pressure, stored in oadpf.n oen i then 

assigned 
to nsrvn1.  

The enthalpy of steam discharged through SRVs, hg-srv, is obtained by passing the hgsathby-po function the 

absolute pressure corresponding to the lowest SRV lift setpoint,psn'Jft (plant-specific input).  

Steam flow required to remove decay heat two minutes following reactor shutdown, wg_core 2 , is determrined 

by evaluating the expression: 

wg__core_2 = (k 1 * fqdh_2 * qixNrated) / (bgsrv - hfbp), where 

k/ is a conversion constant input with generic data, 

fqdh2, the decay heat fraction two-minutes following shutdown is input with generic data, and 

qrxrated is rated thermal power, input with plant-specific data.  

The corresponding volumetric injection flow is: 

Wfiyor 2 = wgcore 2 / (60 * rhofjp) 

The RPV pressure at which low-head ECCS can inject wfjcore_2 is determined using the same process as was 

followed with wfjcorejl, with wfjcoreJ replaced by wf cor_2. The results for LPCI and core spray are again 

placed in prpvjpd and prpv__cs, respectively. The lowest pressure at which a low-head ECCS can remove two

minute decay heat, prpv_2, is then determined using the function, min-floatso operating onprpvd_Od and 

pWv-cs.  

The number of open SRVs required for a low-head ECCS pump to remove two-minute decay heat, nsrr_2, is: 

ns'_2 = w~gcoreJ / (dwsn'm p d (t-p*2-I14.7)) 

MNSRED is then obtained by assignment from the result of passing nsm_1 and nsrnv_2 to max-into.  

calcmnsredQ is called with a statement of form: 

calc_mnsred(interim,finaý 

MINIMUM SRV RE-OPENING PRESSURE: MSRP 

MSRP is the differential pressure between the RPV and containment required for a SRV to open. It is a 

function of SRV type, and the value, msrp, is assigned the value of SRV re-opening pressure, swt open, input 

with generic data. The value is obtained from the function, calc.msrp0 which is called with a statement of 

form:
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calcmsrp(intetim) 

MINIMUM RPV FLOODING PRE.SSURE: MRFP 

MIRFP is the larger of the MSRP or the lowest differential pressure between the RPV and torus at which flow 

through NENSRED SRVs will remove ten-minute decay heat from the reactor. The value of this parameter is 

assigned to the variable, mrfb by the function calc-mrfpO.  

The pressure at which MINSRED SRVs will remove ten-minute decay heat, prpvj0, is determined by 

initializingprpv.lO at 0 (which assures that left-side is initially smaller than right-side), and evaluating the 

quantities: 

leJLsfide = mnfred * dwsn p'pv * (pr 10 + 14.7) 

nighL-ide = (k1 * fqdL 1o * qrx..rated) / hgat~by~p(brpv_10 + 14.7) - hfp), where 

fqdhL0, the ten-minute decay heat fraction is input with generic data.  

Then, while the left jide is smaller than the ngbt ride, this process is repeated 'athprpwJO raised by 0.1 at each 

step. \lhen leftside is no longer smaller than rgtside, the loop is exited and 0.1 is subtracted fromprtpv1O to 

obtain the lowest pressure at which MNSRED are capable of removing ten-minute decay heat.  

M•f, is now obtained by passing maxfloatso the values of msrp and prpviO, to find which is larger.  

calc_mrfpQ is called with a statement of form: 

calc_mrfp(interm,fina) 

M INI\MUM CORE FLOODING INTERVAL: NICFI 

MCFI is the time required to flood the RPV to the top of active fuel (beginning with an empty vessel) with 

RPV pressure at MIRFP and at least IMNSRED SRVs open. MCFI is a function of the number of SRVs open, 

and is evaluated by the function, calc.mcfio, for values ranging from mnsrdto nsnads with the results 

assigned to the 1 x 7 array, mofi].  

The heat capacity of the steel in the RPV and Reactor Water Recirculation loops below the top of active fuel 

(TAF) is: 

c'pv_taf = csteel * mrpv_ taf where 

c_steel, the specific heat of steel is input from generic data, and 

mrpvjtaf the mass of RWR loops and reactor internals below TAF is input from plant-specific data.  

The heat capacity of the core is: 

ccore = (cdad * mclad) + (c•juel * mfue), where 

c_dad, the specific heat of the fuel clad, c.fuel, the specific heat of the fuel, mclad, the mass of clad and 

mfue, the mass of fuel are input from plant-specific data.  

RPV temperature at the lowest SRV setpoint, tsmn and MRFP, tmrfp are obtained by calling the tsato function 

with psnrv_/ft and mo (converted to absolute pressure), respectively.
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Next, the quantities, 41 and .73, defined in reference 3, are evaluated as follows: 

zl = (k1 * qrx)raled* (fqdhl0 -jfdL 100)) / (3 * (hgsat-by-p(mo + 14.7) - hfbsp)) 

,3 = (,core * (1500 - ImoIp) + opr jaf* (ums- tm~fp)) / (hfsp- hgsat-byvp(mrfp + 14.7)) 

Z3 = z3 - (vrpvjtaf/ vgsat byp(m,•y + 14.7)) 

Finally, -2 (as defined in reference 3) and mýPz1 are determined by execution of a loop (nsn._ads - mnsrea) 

times. Initially, mixJ.n qpen is assigned the value obtained by converting mnsred to an integer and adding the 

value of the index into the array. Z2 is then calculated as follows: 

2= mAi. o-open * dws-dpprv * (mfp + 14.7) 

- - Z2 - ((kl *fqdblO * qrx raiea) / (hgsat-byvp(mrf + 14.7) - hf p)) 

The time element of m.fil is determined as follows: 

mI, f.ime = 30 * (sqrt((Z2 * -2) - (4 * Z! z3 )) - Z2) / -1 

The mjifl.time element applicable to nsrv'ad& open SRVs is assigned to the variable, m _ft.nads. This variable is 

used for calculation of the MCUTL. This is done using an assignment statement which is only executed when 
mcfij.n open is equal to nrnvads.  

calc-mcfio is called with a statement of form: 

calcmcfi(inlerimjfna) 

MLXIMUM CORE UNCOVERY rIME LIMIT: MCUTL 

MCUTL is the greatest amount of time that the clad temperature of the hottest fuel rod will not exceed 

1500'F with the core completely uncovered and uncooled. MCUTL is evaluated by the function, 

calc mcudo, as a function of time after shutdown, with results assigned to the I x 9 array, mcutla.  

Since time that fuel can be uncovered without peak clad temperature exceeding 1500'F is a function of fuel 

type, the limiting values for the core must be determined. To do this, a variable which will hold the minimum 

uncoverv times for the core, mcwtl_min] is initialized with values obtained from _&to_1500U for the first fuel 

type defined in plant-specific inputs. Subsequent to this, mcufLminD is assigned the value returned by the 

mninfloatsO function operating on the previously stored mcutLminD and t_to_1500! for the rest of the 

defined fuel types. When this iteration is complete, mmul_minj] contains uncovery time limits as a function of 

time after shutdown for the most-limiting fuel type in the core.  

McutuA is next initialized with values of individual elements, _.sdand I cu t5 set equal to zero.  

Since MCUTL = 0 for tsdless than mýqZnad" (reference 3), indices into mcutLmin[] for which 

mmctlmin[n].tsd < m~f!_nads < mect/_min[n + l].tsd are determined as follows: 

An index into mewlmini], indexi is initialized at 0, then mcul!mini.tsdis compared to mqgads. While 

mclui.!_sd is smaller than mfi/ads, indexi is raised by 1 and the test repeated. This loop is exited with indexi 

pointing at the first element in madLminD with Isdat or above m, snads. A pointer to the immediately 

preceding element of mculLmin] is defined by assigning index2 the value, indexi - 1.
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AIut4inde\21.tsdis set to mrLnflads and the interpolateo function is called with parameters, 

mcutl min[index2].tsd, m,-utLmin[indexl].Lsd, m~fi_ads, mn,- 1 __min[index2l.t_,u_15 and mcutl min[indexl].tLi(_15 

to obtain tcu_15 corresponding to mCqnads. This value is assigned to mcut4index2].t4cuC15.  

The remainder of the mcutA] array is filled by direct assignment from the corresponding elements of the 

mculLminn array.  

calc-mcudo is called with a statement of form: 

calc_mcutldlnaý 

MINIMUM STE.AM COOLING RPV WATER LEVEL: .MSCR\XL 

The MSCRWL is the lowest RPV water level at which the covered portion of the core 6ill generate sufficient 

steam to prevent any clad temperature in the uncovered part of the core from exceeding 1500TF with 

injection of 100'F water into the core. MSCR'XL is evaluated using calc_mscr-vlO as a function of fuel type 

and the highest value is assigned to mscrwLmax.  

Initially, ms'rw'Ima. is assigned the level of the bottom of active fuel, wlrpvaf a plant-specific data input.  

Then a loop is executed which evaluates the MSCRWL for each fuel type assigning the result of the following 

expression to mscrwt.  

mscn-l = wlrpv-baf+ (Cfafl 150 * lfueil) / 100) 

The result of evaluating msrwl and mscrwLmax using the max_floatsO function is then assigned to mscrwl_max 

\V'hen this loop completes execution, msawl_max contains the MSCRWL for the core.  

calcmscrwlo is called xith a statement of form: 

calc_mscrwl•,ina!) 

MINIMUM ZERO-INJECTION RPV WATER LEVEL: MZIR\AL 

The MZIRWL is the lowest RPV water level at which the covered portion of the core will generate sufficient 

steam to prevent any clad temperature in the uncovered part of the core from exceeding 1800*F with no RPV 

injection. MZIRWL is evaluated using calcnmzirwlQ as a function of fuel t3pe and the highest value is 

assigned to mr'rwl_max.  

Initially, m-irw/_mav is assigned the level of the bottom of active fuel, wlrpv_baf, a plant-specific data input.  

Then a loop is executed which evaluates the MZIR\X'L for each fuel type assigning the result of the following 

expression to m-rwA 

-n,-rwl = wIrpv..fiaf ((faflL 180a * /fuelj) / 100) 

The result of evaluating m-irwland mirwlmax using the maxfloats0 function is then assigned to 

m'-il__max. When this loop completes execution, mzJnI_.max contains the MZIRWL for the core.  

calcmzirwlo is called with a statement of form: 

calc_mzirwl(ftna)
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Heat Capacity Temperature limit: HCTL 

The HCTL is the highest suppression pool temperature from which emergency RPV depressurization will not 

raise: 

"* suppression chamber temperature above the ma-ximum temperature capability of the structure or 

contained equipment which may be required to operate with the reactor pressurized, or, 

"• suppression chamber pressure above PCPL-A, 

while the rate of energy transfer from the RPV to the containment is greater than the capacity of the 

containment vent.  

The HCTL is a function of RPY pressure and torus water level.  

HCTL is calculated using the function calchctlo, which is supported by the functions calc_n-valueso and 

calc-qdh0, as well as previously described functions which return thermodynamic properties of water and 

steam. Calc_nYalueso and calc qdh0 will be described first, followed by a description of calcihctlo.  

calc-n_values0 

This function returns the number of points to be included in the HCTL calculation when provided the 

high and low endpoint pressures,psnr &ft and mtfp, respectively. Increments of pressure chosen for the 

calculation are 10 psi, for pressure above 200 psig and 5 psi, for pressure at or below 200 psig.  

The function initially sets midpoint equal to 200, then determines the number of points needed between 

the high-pressure endpoint (called big in the function) and the midpoint as follows: 

The difference between big and midpoint is assigned to difference. The result of dividing difference by 10 is 

then assigned to quotient. The portion of quotient to the left of the decimal point is determined by 

passing quotient to the library function into and assigning the result to modulus. The portion of quotient 

to the right of the decimal point is obtained by subtracting modulus from quotient and assigning the 

result to remainder.  
The function then uses the assumption thatpsh'Jift is a multiple of 5, so that remainder can be tested 

to determine whetherpsnivht is also a multiple of 10. If#pstvlft is not a multiple of 10 (i.e., remainder 

is not equal to 0) 1 is added to modulus to account for the pressure point which is not a multiple of 10 

and the result is assigned to answer. Other-.vise,psn-i#ft is a multiple of 10 and modulus is assigned 

directly to answer.  
The function next sets bz to 200, then determines the number of points between bi (the original 

midpoint) and the low-pressure endpoint (called little in the function), inclusive of the endpoints as 

follows: 

The difference between big and litle is assigned to difference. The result of dividing difference by 5 is then 

assigned to quotient. Finally, I is added to quotient (to account for both endpoints) which is added to 

answer, with the result returned to answer.  

The value of answeris returned by the function call, and is the number of values of pressure to be used in 

calculation of the HCTL
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calc_n_valueso is called wfith an assignment statement of form: 

a = calc_n_values(big, little) 

calc-qdho 

This function returns the percentile decay heat [Btu/min.-0 'o] given time after shutdown, referred to 

internally as time.  

The function initializes an index, indexi at 0, and compares lime with the time element of sdpwr[j. Since 

sd__pwr1 is ordered from low to high, index1 is incremented and the test repeated until sde wrindex..ime 

is larger than time.  

If time is exactly equal to a stored value, the corresponding power (obt,1ined from sd_.pwr4indexl - 11power, 
since index1 was incremented when sd~pworinde.vl].time = time in the preceding loop) is assigned to 

pwrznow. Otherwise, time must be less than sd pwriindexl].time (which is tested), and pwr now is found by 

interpolation where the parameters passed to interpolateO are: 

Lbfr = sd.pw4indexl - 1].time and 

pwr..bfr = sdpwr4indexl - 1].power are time and power at the stored time just before the input time, 

tafir = sdpwqindekxll.time and 

pwrafar = sd pwrindexl].power are time and power at the stored time just after the input time, and 

time is the time for which a value of power is to be returned.  

The value returned by the interpolateO function is assigned to pwr_now.  

Percentile power is next determined by evaluating.  

qr-_1 = qrxrated* k2 / 100 

to find the number of Btu/min. corresponding to 1% of rated power, and multiplying by pwr__now to 

obtain power in Btu/min: 

pwrLnow = pwr/fnow * qrx_1.  

This value ofpwr now is returned the function.  

calc-qdh0 is called with an assignment statement of form: 

a = calc.qdh(time) 

calcjhctlo 

After declaring variables local to calc._hctlQ, a block of memory of sufficient size to store intermediate results 

for pressures ranging from 1500 psig to 200 psig in 10 psig increments and 200 psig to 50 psig in 5 psig 

increments is allocated (and initialized with values of 0). This memory is accessed through a pointer, res_.ptr.  

The memory stored is for the hctLint structure defined in the function.
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Since storage was allocated for up to 160 intermediate values, the actual number to be used is obtained by 

assigning the result of calling calc_nvalueso with (psr'Jft, m.(P) to nyua/ues.  

Best-estimate SRV flowrate, wsabe is obtained by evaluating: 

wsn'_be = (1.10 * wsrmname) / 60 

The reference pressure for this flowrate, psn-ref is: 

psnref = 1.03 * psn,__name 

The SRV specific flowrate, dwsrv_dprpv, is then (given critical flow): 

dwsrv_dprpv = wsnrvbe / (psnvref + 14.7) 

RPV heat capacity, crpv, is obtained by evaluating the expression: 

qpv = (csteel * mrpv) + (cldad * mclad) + (c,.fuel * mfue1 

RPV volume, vrpv, is: 

vrpv = (vfsat_byp(psn,_/I t + 14.7) * mf rpvtboo) + (vgsat by p(bsrl_/ft + 14.7) * mg__rv__hoto) 

A loop is now entered, in which HCTL is calculated as a function of torus water level. The calculation is 

performed for those water levels for which air and water volumes were entered in plant-specific inputs, 

therefore the loop is executed 11 times, with iteration number tracked by index!.  

The first action performed within the loop is to set an offset, to_ptr into the array used to store intermediate 

results. The value assigned is index! * n_values.  

Now, initial RPV state variables are assigned as follows: 

prpva = psnr _ft + 14.7 (SRV lift pressure in psia) 
prpv_,g = psrvj'ft (SRV lift pressure in psig) 

(res_.pr + to.pt->prp' = prpv_.g 

(res_.ptr + to-ptr->trpv = tsat(prpv__a) 

(res..ptr + to_.pt->hf rpv = hfsat_by_p(prpba) 

(res.ptr + to_ptr)-> bg rpv = hgsat_byp(prpLa) 

(res.ptr + toptr)- > vf rpv = vfsat_.yp(pV.a) 

(res__ptr + to..ptr)->vg r.pv = vgsat_byp(rpv_a) 

(res__ptr + to_pt)->wsrv = mnsred * dwsrzdprpv * prpvta 

(resptr + to_pt)->mfrpv = mfjrpv_hot 

(res ptr + Io_.pt)->mgrpv = mg rpv-hot 

(resptr + to_pt?->e ept = ((res-ptr + to.ptf-> trpv * crpv) 

"+ ((res..ptr + to..pti->hfjrpv * (res-ptr + topt ->mf rpv) 

"+ ((res..ptr + to...pt-->hgSpv * (res.ptr + to.pt->m g_-Pv) 

(res-ptr + to.pt)->t = 2 

(resptr + to_pt)->qdh = calcqdh((resptr + toptý->t
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Reference 3 specifies calculation of torus water mass using the assumption torus wvater is at saturation at 

t scram. Since the EOPs are structured to maintain torus pressure at or above atmospheric (nominally 14.67 

psia, recognizing that torus pressure is referenced to reactor building pressure which is slightly 

subatmospheric), this calculation will use subcooled water properties at 15 psia to obtain torus water mass.  

(res_.ptr + topt->mfJp = vtoms[indext1.lrp / vpt(l 5, I.,p-sram) 

Now, the effect of depressurizing the RPV (along the HCTL) on RPV parameters is evaluated (in a loop 

controlled by inde'x2 over the range from I to njraIues).  

First the offset, topIr, for the pointer to storage for results of a step is obtained from: 

toQptr = (inde.x' * n_values) + index2 

The pressures (gage and absolute) applying to the state point are obtained by subtracting 10 from the 
previous values ifp wvas previously at or above 210, or 3 otherwise.  

Now, fluid properties at the new pressure (psn,'-g or psria, as appropriate) may be determined (relations 

evaluated are the same as before): 

(resMptr + to..pt)->prpv = prpvg 

(resjptr + to-pt-->trpv = tsat(prpvpa) 
(resptr + to-p,)->hf rpv = hfsat by-p'prpv.a) 

(res-ptr + to-pt)-> hSgrpv = hgsa thby.p(prp._a) 

(resjptr + to.pt)- >vf4rpv = vfsat-by-p-prpi-a) 

(resplr + topth ->vg rpv = vgsat by_.p(rpv a) 

SRV specific flowrate is also determined as before, evaluating at the new pressure, psn,_a 

(res_.ptr + toptr)->wsrv = mnsred * dwsn-dprpv * prpz'_a 

Next, parameters -1, !2, Z3, s4, Z5 and -6 as specified in reference 3 are evaluated: 

(res__ptr + toptr)-> = vrpv / (respir + loptr)->rg.rlpv 
(res~ptr + to_.pr)->Z2 = (rsptr + to~ptr)->trpv / (rs.pr + topt)->tgpv 

(resptr + = (spr + totr - 1)->mgjrpv 

+ (resptr + to.ptr- 1)->mf rpv - (re's.ptr + 10-Mr->Zl 

(resplr+ to._ptr)->-4 = (resplr+ to__zpr- 1)->qdb 

/ (resptr + toptr - 1)->wsrv - (resptr + to.pir - 1)->hg rpr 

(resptr + to-ptr)->Z5 = (res-ptr + topir- 1)->erpr - (qpv * (resptr + toptr)->trpI) 

- ((res.ptr + toptr)->Zl * (res.pir + to-ptr->bg rpv) 

(resptr + tolptr)->Z6 = (resptr + to-pt?)-> bhfrpv - ((resplr + foptr)->72 
"* (res-ptr + to.pt)->hg rpv) + ((rrsgp r+ +o_ptr->:4 
"* (1 - (respir + toptr)->>Z)) 

With these relations, RPV state parameters and torus water mass are determined as follows: 

(rxs__ptr + to_.ptr)->mfjrpv = ((resptr + loptr)->Z5 + ((respfr + tor->Z3 

• (respir + toptr)->Z4)) / (rrs-ptr + toptr)->-6 

(res-pfr + to_.ptr->mg rpv = (resptr + to.pr)->Zl - ((res-pir + to-ptr->-2
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(res-pir + lopt)->mffjp:) 

(ref~pIr + top/7)->eJPV ((res-pir + Io-PIýý')>Irpv * apt') + ((rey-plr + to-ptI->hf ,tv 

"* (rex-p/r + fo-ptr- > mjigw) + ((res-ptr + op ->hrv 

"* (res-ptr + l-t-m-ri 

(rerr + o p)-> m~gn' ((replr + to pP->:-2 - 1) * (res-pir + to-p17)->m 17".  
(rsp r+ (resptr+ dm sipt r)-esp3 

(res~ptr + toapt -> di = (res-pir + topl )- >dm~g-s?v / (res-pir + fo-pfh- >wsmz 

(es-ptr + to-pi)->I = (res.ptr + .'o.pir - I)->t + (rerspir + to-pi)->dt 

(rer-ptr + to-pt')->qdb = calc-qdh((es-p/r + opý> 

(res-pir + toptý)- > mf -p =(mrepir + to-pir - I)->mf ip + (res-ptr + fo-phr -- dgosn' 

Derivation of the above relationships is as followvs, -where (irs..ptr + to..pli >ýl notation has been replaced by 

z12 notation: 

(reS-ptr + to-p/->~Zl = Z12 

(resptr + to~pi)->Z2 = z22 
(res-pir + to4-t7)-> Z3 = z32 

(res~ptr + to-pi)->ýZ4 = z42 

(re~r-pr + tO-ptt->Z5 = Z52 

(res-pir + to.ph-6 % 6 
(Iresjtr + 1h-ph)-$ý vf rpP = vf 2 

("res4Ptr + to4-M-> ztgjpv = vg2
(res-ptr + to-pir - 1)->m rjPv = mf1 

(res-ptr + 1toptr - 1)->Im9gjpV = mg, 

(res-ptr + tO-ph)->mf-pV =mf2 
(resptr ~ ~ -+ ph>mgPV = Mg2 

(res-pir + to-plr - 1)>bp Mg hg 
(re~4r + oph)>h~g pv = hg, 

(res-pir + to-ptr- 1) ->e pv erp 
(resjlr+ toph -> pv = hgpv2 

(rex pir + io-pt7->hf rw= f 

(res-ptr + 1o4'h -)- >erpv = erpvi 

(res-ptr + t-i->dm~ggn' = dmg-srv2 

(res-pir + to-pir - 1) ->qdh =qdh i 

(rex 4 gr + to41tr - I)->wsrv =wsrvi 

Given: 

vrpv = (vg * mg) + (f*mfO at any RPV pressure (i.e., total RPV volume is the sum of the (vapor phase 

specific volume times the mass of vapor) plus (liquid phase specific volume times the mass of liquid)) 

permits equating the sums of gas and liquid volumes at two successive pressures: 

(vgi * mgi) + (VfI * mfi) = (Vg' * mg-') + (vf: * mf:) = vrpv 

Solving for niga-: 

mg2 = [vrpv - (vf2 * mf2 )1 / vg2 = (vrpv / vg,) - [(vf2 / vg2,) * mfI-, therefore,

rng2 = Z12 - (Z22 * mf2)
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The mass of fluid passed through the SRVs between state 1 and state 2 is: 

dmg-srv2 = (mfi + mgl) - (rnf 2 + mg2), so substituting mg- from before, 

dmgsjrV2 = (mfI + mgt) - {mf2 + (vrpv / vg2) - [(vf2 / vg2) * m(2]} 

dmg-srv2 = mfl + mgi + {mf2 * [(vf2 / vgZ) - 1l}- (vrpv / vg2) 
dmgsrV2 = {[(vf 2 / vg#) - 1] * mf2} + [mfi + mg, - (vrpv / vg#)], therefore, 

dmg-srv2 = [(z22 - 1)* mf 2] + z32 

An energy balance on the RPV allows determination of mf 2. From state parameters evaluated at state 2 

erpv: = (trpv2 * crpv) + (hf2 * mf2) + (hg# * mg#) 

Energy at state 2 can also be related to energy at state 1 as follows: 

erpv- = erpvl - {[(mft + mgt) - (mf_, + rmg#)] * hgl} + (qdhi * {[(mft + mgi) - (mf2 + mg,)] / wsrvi}) 

where steam discharged through open SRVs is assumed to be at constant enthalpy, hgi, SRV flowrate is 

assumed constant at wsrvi, and decay heat is assumed constant at qdhI. Therefore, 

(trpv: * crpv) + (hf 2 * mf2) + (hgz * mg:) = erpvt - {[(mfi + mgi) - (mf: + mg2)] * hgi} 

+ (qdhi * {[(mfI + mgt) - (mf2 + rng#)l / wsrvt}) 

Rearranging terms and substituting {(vrpv / vg2) - [(vf 2 / vg#) * mf2]} for mg-: 

(hf= - mf2) + (hgz * {(vrpv / vg2) - [(vf2 / Vg2) * mf2l}) = erpvI - (trpv2 * crpv) 

+ {[(qdhi / wsrvl) - hgt] * (mfi + mg, - mf2 - {(vrpv / vg2) - [(vf2 / vg2) * mf2]})} 

(mfr ' {hf_, - [(vf 2 / vg2) * hg#]}) + [(vrpv / vg#) * hg-] = erpvi - (trpv2 * crpv) 

+ {[(qdhi / wsrvi) - hgl] * [mfi + mg, + {[(vf 2 / vg2) - 1] * mfI} - (vrpv / vg2)]} 

(mf_-* {hf2 - [hg2 * (vf2 / vg2)]}) - {[(qdhi / wsrvi) - hgI] * [(vfa / vg,) - 1] * tfa} = erpv, 

- [(vrpv / vg2) * hg2I - (trpv2 * crpv) + {[(qdhi / wsrvi) - hgi] * [mfi - mg, - (vrpv / vg-)]} 

Expressing this in terms of z12, z22 and z42: 

mf: * {hf2- - (hg2 * z22) - [z42 * (z22 - 1)]} = erpv, - (crpv * trpv2) - (z12 * hg2) 

+ [z42 * (mg, + mfi - z12)] 

And in terms of z32, z42, z52 and z62: 

mfr: z62 = z52 + (z32 * z42) 

Solving for mf,: 

mf= = [z5: + (z32 * z42)] / z62 

The time interval between consecutive pressure steps, dt2, is determined by dividing mass discharge through 

the SRV(s), dmg-srv2, by SRV flowrate, wsrv2. Time of the statepoint, t2, is then time at the previous
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statepoint, ti + dt2. Decay heat is determined by calling calc-qdhQ with the present time, t2. Torus water mass 

is calculated by adding the mass of steam discharged through the open SRV(s), dmg-srv,, to torus water mass 

at the previous time step, m-spl.  

\When the loop evaluating RPV state parameters and torus water mass completes, the pointer into memory is 

reset to point at the last stored statepoint with the statement: 

Io-ptr = ((indexi + 1) * nva/ues) -1 

Final torus temperature is obtained by assignment from the previously calculated array, trp_hctl_20, and 

energy is determined by multiplying torus water mass by enthalpy (estimated using the relation h = T - 32, 

reference 3) as follows: 

eip = mifp * (tsp hl._20 - 32) 

Next the value which xvýili point at the first element of the array storing the statepoints for the current torus 

water level is determined by evaluation of: 

torus ca/c-base = index1 * nvalues 

Now it is possible to determine torus energy and temperature for each successive step as RPV pressure is 

raised. This is done through a loop beginning at the memory location just before that which contains the 

torus final state (for a given water level) and proceeding backwards through the array. Values are determined 

by accessing the location in memory pointed to by to.ptr. This pointer is set equal to index'2, which is the 

variable controlled by the loop.  

Torus energy at a given RPV pressure, is obtained by subtracting the energy added by the steam discharged 

through an open SRV(s) from torus energy at the statepoint corresponding to the next higher RPV pressure: 

(res-pir + to__.ptr)->eip = (res..ptr + toptr + 1)->> ep 

- ((resptr + topir + 1)->bgrpv * (rs_.ptr + toptr + l)->dmgsn) 

Torus temperature at a given pressure is obtained by dividing torus energy for that statepoint by the torus 

water mass and adding 32 (the estimation that h = T -32 from reference 3 is used): 

(restr + toptr)->tUp = (res_.pr + to__fpt)->esp / (res.ptr + toptr)->m fsp + 32 

After exiting the preceding loop, the HCTL high-pressure endpoint temperature is stored for use in 

subsequent calculations. The offset to be used to determine the pointer to the appropriate element in the 

storage array is obtained by evaluating7 

to4ptr = indexI * n_values 

and completing the assignment.  

tsp bctL l[intkxl] = (res-ptr + to__pti->tsp 

The high-pressure endpoint temperatures corresponding to minimum and maximum normal operating torus 

water level, tspJctLl Io and tsp_htl_Ihi, are assigned by evaluation of conditional statements. These
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evaluations depend on the characteristic of the input torus water volumes that no data are stored for torus 

water levels between minimum and maximum normal operating water level.  

These calculations are then repeated for each input torus water level.  

calc-hctlo is caUed with a statement of form: 

calchctl(interim,fina), interim andfina/ bring the output file names into the function.  

Boron Injection Variables 

Calculation of values of variables and curves associated with injection of boron into the RPV is controlled by 

the function, sequence-borono. The sequence of execution of functions (and a brief description) called by 

sequence-boron0 is: 

1. initboronyalueso: determines the value of a number of parameters which remain fixed through the 

remainder of the calculation.  
2. calc_csbwO: calculates the CSBW 

3. calc-hsbwo: calculates the HSBW 
4. calc_biit: calculates the BIIT 

sequence-borono is called with a statement of form: 

sequence-boron(intedim,finac, interim andfinalbring the output file names into the function.  

The method used to calculate each of the parameters associated with boron injection (based on reference 3) is 

described below. These methods result in calculated SLC tank level changes which are somewhat larger than 

actually required to inject the CSBW and HSBW, as well as somewhat longer time to inject the HSBW than 

actually required. This is due to use of subcooled water properties (at 1000 psia and tsk) to obtain the specific 

volume of the fluid in the SLC tank without correcting for specific gravity of the solution.  

initboronvalueo 

Initboron valueso calculates values of the following parameters for use by calc csbwo, calc hsbwo and 

calc.biito.  

The weight fraction of the Bi0 isotope in naturally occurring boron,JblOnatLwt, is: 

JblO.nat-wt = (INO1nat * mblO) / ((/blO(nat * mblO) + Ubhl (nat * mbl 1)) 

The nuclidic abundance of Bit as a fraction of all boron in the SLC tankjbl _sl,/, is: 

Jbl/ .lc = I -boOjslc 

The weight fraction of the Bw0 isotope as a fraction of all boron in the SLC tank, f'lOsjlc wt, is: 

JbNOrlc wt= (blO .rlc* mb/ 0) / (/blO.rlc * mbffl) + (lb 1_slc* mbl/)

The surface area of the SLC tank [ftq] is:
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sý". k area = (n / 4) * (s/crk_dia)2 

The change in indicated tank level per change in solution level %/o/in.] is: 

de.?_tk_-lv = slc tk lvi outPan / slctkj vLinjspan 

The specific volume of water in the SLC tank, f._slc is obtained by passing the vpto function the pair of 

values (1000, islc).  

initboronvalues0 is called with a statement of form: 

imt_boron values(interim), interim brings the output file name into the function.  

COLD SI IUTDO\X`N BORON WMEIGHT: CSB\X 

The CSBW is that amount of soluble boron which, if injected into the RPV and mixed uniformly, xwfill 

mainzain the reactor shutdown under all conditions. CSB\W is calculated by the function, calc-csbw0.  

The concentration of boron in the SLC tank, xbcld, (ppm) required to obtain the CSB\X' is: 

xb-cld = xb cid nat * Jb1 0 nawt / b 1O gckwt 

This corresponds to a mass, csbw, (Ibm) of boron of: 

xL/cld* mf rpv_cld / 1e6 

The change in tank level corresponding to this mass of boron [in.] is: 

"a.'ta tk cid= (csbw * le6 * tfs/c * 12 in./ft) / (xbf/c * sc tk-area) 

The change in indicated tank level corresponding to csbw [%/] is: 

deta_/sc_.cld = delta_1tkcld * de/ta tk hi 

calc-csbw0 is called with a statement of form: 

calc_csbw(interim,fina), interim andfinalbring the output file names into the function.  

HOT SHUTDOWN BORON WEIGHT: HSBW 

The HSBW is least weight of soluble boron which, if injected into the RPV and mixed uniformly, will 

maintain the reactor shutdown under hot standby conditions. HSBW is calculated by the function, 

calc hsbw0.  

The concentration of boron in the SLC tank, xbhot, (ppm) required to obtain the HSBW is: 

xb_hot = xb hot nat * fb4O nat wt / Jf1,O sc__wt 

This corresponds to a mass, hsbw, (Ibm) of boron of:
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hsbw = xbhot mf rpihol / le6 

The change in tank level corresponding to this mass of boron [in.] is: 

delta_tk•_hot = (sbw * 1e6 * vf~s/c* 12 in./ft) / ( & '_slc* 'c._-k_area) 

The change in indicated tank level corresponding to hsbw [r o] is: 

delta_s/c_hot = deltatkhot * deltajk_lvi 

calc-hsbw0vo is called with a statement of form: 

calc_hsbw(inteyim,finaJ), interim andfinalbring the output file names into the function.  

BORON INJECTION INITIATION TENIPER_-\TRE: B1IT 

The BIT (calculated as a function of reactor power) is the greater of: 

"• The highest torus temperature at which initiation of boron injection will permit injection of the HSBW of 

boron before torus temperature exceeds the HCTL.  

"* The torus temperature at which a reactor scram is required by Technical Specifications.  

BIIT is determined by execution of the function, calcbiit). The boron injection rate, wb, is determined b

evaluating the following.  

wb = (wslc * xb_sic) / (1e6 * k3 * vf s/c) 

Knowing the injection rate, it is now possible to determine the time required to inject the HSB\W, ts•--.  

I_hsbw = hsbw / (60 * wb) 

The heat balance used to evaluate the BIIT assumes the source of water injected into the RPV is the 

Condensate Storage Tank (CST), at its maximum normal operating temperature, tcst. The enthalpy of thks 

water is then obtained by passing the hpto function the pair of values (1000, tct). The enthalpy of steam 

discharged from the SRVs is obtained by passing the hgsathby-pO function the absolute pressure 

corresponding to the SRV lifting setpoint, psrvJ1ift.  

The lower of HCTL high-pressure endpoint temperature at minimum and maximum normal operating torus 

water level, tsp-hlliml is used to determine the BIIT. The value assigned to this vaniable is retumed when 

sphctlLllo and t.,phctlhi are passed to the minfloats0 function.  

The next section of code determines the torus water volume at the minimum normal operating water level, 

w4lpjminlco. An index, index! is initialized at 0, then incremented provided that the w@p element of the ::nrusf 

array is smaller than whp_minlco. If vtorusf.wlsp is exactly equal to wlpminlco, the corresponding element.  

vtorusf.vsp is placed in wip. This is expected to be the case, since minimum normal operating water level is one 

of the values for which torus volumes are provided. However, to ensure the function is provided vip if the 

test of exact equality fails, an else statement is provided to obtain rp by interpolation of the vtoruso elements 

with wLp on either side of wlpmin/co.
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The mass of water in the torus, mf_].p_Ico is obtained by dividing vap by specific volume obtained from the 

vpt0 function with input values (15, lap scram). Reference 3 uses saturation properties for this specific 

volume, however, as discussed earlier in this calculation, subcooled properties are more consistent with EOP 

usage. Enthalpy of torus water at Isp-hctl/iml, hiphbal_niml, is obtained from the hpto function acting on (15, 

apIhctl im l). Reference 3 uses (taphctLliml - 32) to approximate this value but since steam table values are 

available, this calculation will use them instead.  

The quantity, -1, defined in reference 3 is now evaluated: 

Z1 = (tLhsbw * (hg__rv - hip hctLliml) * qrxrated* k1) 

z1 = :1 / (100 * mf SpIco * (hgrv - hjf_,s)) 

The temperature to be assigned to the array defining the BIIT for reactor power less than ten-minute decay 

heat, bNita, is now determined by evaluating

biit[O].tap = tspJhctLliml - (100 * :Z *fqdhLIO) 

The same temperature is placed in bii4l].tsp by the assignment: 

biit[l].tap = bii4O].thp 

The power assigned to biit[O].qrx is by definition, 0: 

bii4O].qrx = 0; 

The next point defining the curve is the percent power corresponding to ten-minute decay heat, i.e., 

biitf1].qrx = 100 *fqdhlO 

The limit on reactor power, biit[2].qrx, for which sufficient time is available to inject HSB\N' before torus 

temperature reaches taphct/llimi is: 

bii42] .qrx = (tIpjcrtLlim 1 - tspscram) / z1 

The pool temperature corresponding to this temperature, biit[2].tap, is by definition tapscram, i.e., 

biit[2].tap = tipscram 

Finally, to define a final segment for the BlIT curve, a last point is arbitrarily defined with coordinates: 

biit[3].tap = tspscram, and 
biit[3].qrx = 20 

calcbiito is called with a statement of form: 

calcbiit(interm,finat), interim andfinal bring the output file names into the function.  

Pressure Suppression Pressure: PSP

The PSP is the smaller of:
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* The highest torus pressure which can occur without steam in the tonis airspace.  

* The highest torus pressure at which initiation of RPV depressurization will not result in exceeding 

PCPL-A before RPV pressure drops to the MRFP.  

* The highest torus pressure which can be maintained without exceeding the torus boundary design load if 

SRVs are opened.  

The PSP is a function of containment water level with level bounded by the elevation of the downcomer 

openings, hdco, and mppowl (i.e., The PSP is by definition 0 psig for level less than hdco, or greater than or 

equal to mpspstwl). PSP is calculated using the function, calc-psp0.  

After declaring variables used internally, calc-pspO determines the lower limit of torus level used in the 

calculation: 

wispJim = hdco - hip ref 

The partial pressures of water vapor in the drywell and torus atmosphere, given the reference 3 assumption of 

100% relative humidity, are obtained by passing the psato function the respective maximum normal operating 

temperatures for the space: 

pgjdw = psat(tdwnmaxvop), and 

pgjsc = psat(tsc maxop) 

The partial pressures of nitrogen (or air) in the respective air volumes, when pressure in the airspace is at the 

minimum normal operating value and temperature is normalized to 100'F, are obtained using the ideal gas 

law. For the drycwell, the equation solved is: 

pndwjdw = ((pdwminop -pgdw + 14.7) * 559.69) / (idwnma:op + 459.69) 

For the torus, the equation solved is: 

pnscjsc = ((pscfminop -pgjsc + 14.7) * 559.69) / (tsci.maxop + 459.69) 

The specific volume of water in the torus immediately following containment flooding, vf f7ood, is obtained by 

calling the vpto function with pressure set at 15 psia and temperature at lhpjiood Reference 3 uses saturated 

fluid properties for this parameter, however execution of EOP required actions precludes containment 

pressure from lowering (significantly) below 15 psia, therefore subcooled water properties are used in this 

calculation.  

Knowing the specific volume of water in the torus following flooding, the rate of change of pressure with 

water level of submerged portions of the containment is: 

dpip. dw@= 1 1.14* vfj7ooa) 

Values for an 1 x 11 array of a structured variable containing parameters that vary as a function of torus water 

level, topspo, are now assigned using a loop controlled by indexi. Parameters evaluated are: 

The partial pressure of dryweU nitrogen or air in the torus airspace, normalized to 100°F is: 

to.pspn.pnsc.dw = (pndwdw * vdw) / vtos•fl.vsc__air
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The rate of change of pressure with temperature of all nitrogen (or air) in the torus is obtained using the ideal 

gas law: 

to_ppo-.dpsc_dysc = (pnscsc + io_pspf.pnsc'dw) / 559.69 

The partial pressure of water vapor at the high and low endpoint temperatures of the HCTL are obtained by 

passing the appropriate temperature to the psato function: 

io_pspn.pghP = psat(tphctal 10) 
to_p.p~pg_ psat(tqý-hctL20) 

The maximum pressure of the torus with no steam in the airspace, with the airspace in thermal equilibrium 

with the pool at the HCTL high-pressure endpoint temperature, tsp b'/_LD, is obtained from the ideal gas law 

as follows: 

to_p@p.ps,._hp-1 = ((tpijctL In + 459.69) * to__p pI.dpscls,) + to-pp].pg-hp - 14.7 

The ratio of the of the HCTL high-pressure endpoint temperature to the HCTL low-pressure endpoint 

temperature (expressed as absolute values) is: 

to pipG.!z = (tsphctbUL0 + 459.69) / (tsp-hetl_20 + 459.69) 

This ratio is used to determine the initial torus airspace pressure with pool temperature at the HCTL high

pressure endpoint temperature required to assure that pool heat-up along the HCTL does not result in an 

airspace pressure above PCPL-A. The partial pressure of the gas at the low-pressure HCTL endpoint, when 

pressure is at PCPL-A is: 

pMpLtocalcsol + 14.7 - to_pipf.paip 

Using the ideal gas law, the corresponding partial pressure when in thermal equilibrium with the pool at the 

HCTL high-pressure endpoint is: 

to_.op]Zl * (p'pLtoca/csr[ - to__p p.pg_-O + 14.7) 

Adding this to the vapor pressure of water at tspbctll, the allowable airspace pressure at the HCTL high

pressure endpoint required to assure that depressurization along the HCTL does not result in airspace 

pressure rsing above the PCPL is: 

tospfl.pscbhp2 = to7psp) sp. * (p~pL-to-cakll] - to° pg.4' + 14.7) + to-'p0.php + 14.7 

The limit on torus pressure to assure that torus boundary loads will not be exceeded if an SRV is opened is 

obtained as follows. The actual boundary load from SRV actuation is subtracted from the maximum 

allowable load and the result is compensated for hydrostatic head of water above the level for which the 

boundary load was calculated: 

topsp[.pscsnv = psc_des - pqsrv - (dpspd~wp * (rtorusn.wLp - wap._srv))
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The minimum of _pp.;.pschpJ, tp.,PU.psc~hk_2 and topsbU.pscOsl'is assigned to lohp.pse_/im. Its value 

is determined by successIvely passing the minfloatO functon the parameter pairs (topipB.,ps,'_kJ, 
Q~ppf.P hp~ nd';oipl "s urn topsp.psc sn').  

to._p apo.ps,'_hp_2) and ',o_ppn•.ps,_ , t om, -S( j 

The code next uses knowledge of plant-specific values of hdco and mpipol to set-up a pair of indices to 

control determination of the final value of PSP as a function of water level, (pap[.pressure and pip.level, 

respectively).  

For water level below hd,, pipnpressure is 0 psig, adjusted for the hydrostatic head of water above the torus 

pressure instrument tap. The adjustment for hydrostatic head is determined by using max-floatsQ to 

determine the larger of !eve.l float (set equal to 0) and bhtapo.hf tap, where h_tapO. hJjtap is: 

h_tap [.hf tap = ,,p .level-hs"-tap + hp-ref 

The PSP is then: 

pp.pressure = d;ppdwlrp * bhtapl.hf lap 

For water level between hdco and mp~pavI, PSP is the limiting value previously determined, adjusted for 

hydrostatic head of water above the instrument tap, 

pap .pressure = to popn.psc_tim + dpspiwLsp th_ap .bf tap 

For water level at or above mpapiwl, PSP is, by definition, 0.  

calc-pspo is called with a statement of form: 

calc-psp(interim,final), interim andfinalbring the output file names into the function.  

Drywell Spray Related Variables 

Calculation of values of variables and curves associated with operation of cdrw-ell sprays is done by 

calc-dwislo and calc-mdsfo. The method used by each of these functions is described below.  

DRY-wELL SPRAY INITIATION LIMIT: DWSIL 

Calc dwsil0 calculates the DWSIL using the methodology provided in reference 3. Reference 3 defines the 

D'XISL as the highest drywell temperature at which initiation of drywell sprays will not result in an 

evaporative cooling pressure drop to below either: 

"* The drywell-below-wetwell differential pressure capability, or, 

"* The high drywell pressure scram setpolnt.  

Additionally, as implemented inJAF procedures, the DWSIL is restricted to those temperatures for which 

calibrated instrumentation is available. This temperature has been added to the plant-specific inputs, with the 

name, tdw-max•ind.  

The first value determined in the process of calculating the DWSIL ispndw_dw, the partial pressure of dry 

nitrogen in the drywell normalized to a temperature of 100TF is:
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pndwidw = ((pdw..ma.vop + 14.7) * 559.69) / (Idw minop + 459.69) 

At 100% relative humidity, the partial pressure of water vapor in the torus atmosphere is obtained by calling 

the psato function with the minimum normal operating torus airspace temperature: 

pg.sc = psat(tscyminop) 

The partial pressure of torus dry nitrogen in the drywell, normalized to iO0 'F using the ideal gas law is: 

pndw sc = ((pscminop -pggsc + 14.7) * 559.69 * vsc.dco) / ((Isc_.miop + 459.69) vdw) 

The rate of change of temperature with pressure of all dry nitrogen in the drywell obtained using the ideal gas 

law is: 

didwidpdw = 559.69 / (pndw-dw + pndw-sc) 

The minimum drywell temperature as a function of pressure for all dry nitrogen in the drywell is next 

determined as follows (for pressure from 0 psig to 59 psig, inclusive): 

tdw_aminU.temperature = (didwidpdw * (pdw + 14.7)) - 459.69 

The corresponding dr)-well pressures were simply assigned to tdwjmino.pressure.  

Next, the initial drywell temperature required to assure that the evaporative cooling pressure drop will not 

lower drywell pressure below the high drywell pressure scram setpoint, as a function of drywell pressure is 

determined. The method used is to call the function, calc-evapdropo (described below) with the parameter 

pair (dpevap, pdw). The value of dpevap is the difference between pad, and pdw-scram.  

In the code, the initial point is determined by executing one of two conditional statements, depending on 

whether or not pdw__sram is an integer. Ifpdw-scram is not an integer, tdwcscramn.prrssure is set equal to 

pdws cram, ta'w_scramD.temperaturr is set equal to the value returned by executing calcevapdropO with the 

parameter pair (O,pdwsjcram), since in this case dpevap = 0. These pressure and temperature values are also 

assigned to dwsiA, since forpdw at or below the sum, (pdw_scram + dpdwww), that is the definition of DWXISL.  

Next, the temperature, dwsiig.temperature is compared to the stored maximum temperature, maxjtemp, and 

assigned to maxjtemp if it is larger, with the index of the stored maximum temperature, n)maýtemp assigned 

the corresponding njdwsil. Finally, indices into the tdawscramn and dwsi4] arrays are incremented and the first 

integer value of pressure above pdw_scram obtained by evaluating the expression, int(pdwjstram) + 1.  

Ifpdwnjsram is an integer value, the same process is used to determine, tdw_csram{}, dwsila and maxjemrn?.  

However, in this case, the next integral value of pressure is obtained by evaluating the expression, pdw_.sram 

+ 1.  

For subsequent pressures, up to the sum, (pdwscram + dpdw.ww), the same process is used, except 

calcqevapdropo is passed dpevap, the difference between pdw andpdw_scram along with pdw (i.e., (dpevappdw)).  

Finally, pdw is set equal to the sum, (pdu,-scram + dpdw..ww). This value is then evaluated with a conditional 

statement to determine if it is an integer value (im which case the corresponding td,_scram would have been 

determined in the preceding section of code). Ifpdw is not an integer, one last tdwjscramf] value is determined 

using the same process as has been used previously.
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The next section of code determines the limit on drywell temperature required to assure that the evaporative 

cooling pressure drop will not lower drywell pressure to a lower than the drvwell-below-wetwelU pressure 

capability limit, tdw-,iapl. The first step in this process is to find the first integer value of pressure above the 

sum ofipdwmsram and dpdw_ww. This is done with the assignment: 

pdw = int(pdw) + 1 

The number of points for which tdw capf has been calculated, n_tdw_cap is also initialized at 0.  

Then, tdw_capo.temperature is determined by passing calc-evapdropo the values (dpdw._w,pdw). As before, 

maxjtemp is tracked and tdwý_apo is also assigned to dwfi,]. This process is repeated with 1 psi increments in 

pressure, pdw, until a total of 60 (including those previously assigned) values have been assigned to dwsfil. The 

total number of Idwsapf values calculated is tracked by incrementing ntdw. cap on each passage through the 

loop.  

The point at which the lines defining tdwminf and dwsila intersect is the next set of values determined. The 

first step in this process is to synchronize the indices into the tdwmin[ and dwpsifl arrays (tdwming was 

calculated for integer values of pressure, dw.sill may include non-integer pressures atpdw_scram and (pdw-sram 

+ dpdwjmv)). Since tdw_minh is calculated forpdw beginning at 0, andpdw._sram is greater than 0, the index 

into tdwminf is incremented as long as tdw_min[.pressure is less than dwshlj.pressure. Once tdwmino.pressure 

is greater than dwsi1].pressure, the index into dwsilo, inde:x-dwsi/, is incremented to bring the pressure values into 

alignment. As long as the pressure members of tdw -mina and dwsif] are equal (and tdwmino.temperature is less 

than dwsilj.temperature), the indices into the arrays are both incremented. If the pressure values become 

unequal (due to the dwsilj.pressure at (pdsjcram + dpdwww) being a non-integer value), index_dwsi is 

incremented to get past this point. If a non-integer value of dwsiD].pressure existed, the following whileO 

construct continues to increment indextdw and inde.x_dwsiluntil tdw._minn.temperature is equal to or greater than 

dwsilo.temperature.  

The following set of assignments set indices into the tdwvmin[ and dwdsi4 arrays such that the pressure 

elements bracket the pressure at which the curves intersect. These values are assigned to the variables, 

lopressjdw, hipressjtdw, hpress._dwsil and hipresý_dsiL These indices are then used to find the equations of 

the line segments (f(p)= t = (m * p) + b) from tdwmin[Iopresstd .1pressure to ddwmin[hbp resstd.pres ure 

and from dwsi4lopressjwir4.prssure to dwsi4bhi pr4 sjwsi4.pressure. The slope, m, and intercept, b, of each line 

is determined by evaluating the relations: 

m = (f(ph,) - f(pl)) / (phi - Po) 

b - f(phi) - (m ' phi) 

The code performing this for the tdwminD array is: 

mtdwrmin = (tdw min[hipresrýtdaw.temperature - idw_min[lo__pressýtd4 temperature); 

m tdw rmin = mrtdwxrmin / (tdw-min[bipresstdw.jpressure - tdw_min[o._pressJ_td.presiure); 

b tdw min = tdw_min[hi.pressjdal.tem perature- (mjtdwmin * idwmin[mipresstdwI.presure); 

A similar set of equations is used with the dwsiil array.  

Knowing the equations of the lines (for convenience, call the functions f(p) and g(p)), at the point of 

intersection, p is the same and f(p) = g(p). Therefore, the following relation may be solved for p:

f(p) = (mi * p) + bi,
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g(p) = (m2 * p) + b 2 

(mi p) + bi = (m, * p) + b2 

(ml * p) - (mz * p) = b 2 - bi 

p * (mn - m2) = b 2 - bi 

p = (b2 - bi) / (mi - m2) 

In the code this is implemented as: 

interset.pressure = (kdwsil- bjdwjmin) / (m_tdw_min - mdwsi-j 

and the equation of the line for dwsilA is used to find the corresponding temperature: 

intersect.Iemperature = (m-divsil* intersecl.pressure) + b dwsil 

These values are then stored as the next to the last member of the dwsi4l] array. The last member of dwsi,] is 

assigned an arbitrarily high pressure value (bp.ma-xind, the maximum indicated containment pressure) and the 

same temperature (intersect.temperature).  

The next significant section of code truncates the D\VSIL curve (completely defined at the completion of the 

previous step) to the maximum temperature for which calibrated indication is available, tdwma-xind. This code 

only executes if the previously stored maximum temperature, max_temp, is greater than tdw,_maxand 

Iftzdw ma~xndis less than maxtemp, an index to carry the first dwsi4] element with temperature less than 

tdw_maxindis set equal to the element of dwsiA] with temperature equal to ma-x-_ temp (i.e., n low cut = 

n4maxKrterp). An iteration is then performed in which n_lowý-tt is decremented until dwsiil].temperature is less 

than tdw_maxind. After this value is determined, an index to carry the first element of dwsi,] with temperature 

below tdw_maxind, as pressure (i.e., the index into the array) is increased is set equal to n.maxterp (i.e., 

n hi cut = n maxjtemp). This index is then incremented until dwsi4nbi cut].temperature is at or below 

tdwmaxind.  

When n -low cut and n_hi_cut are known, values of dwsi4] with indices below _-lo-cut are copied to dwsiLeopl 

(the DWSIL for EOP use).  

Following this, the equation of the line defined by the dwsi4l points at n low-cut and (njlowcut + 1), the line 

which passes through tdwmaxindis determined using the process described above. Using the coefficients of 

this equation, and knowing tdw-maxind, the equation of the line may be solved for pressure as follows: 

f(p) = (m * p) + b 

p = (f(p) - b) / m 

In the code this is implemented as:

interset.pressurr = (tdw ma.xind - bLdwsi4 / m_dwsil
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The temperature corresponding to this pressure, idwma.xind, is then assigned to intersecl./empera/ure. These 

values of pressure and temperature are then assigned to the next element of dwsileopO. Following this, the 

same process is used with n_hi_Lut and the resulting pressure and temperature are assigned as the next 

elements of dwsiLeopn.  

Once these values have been assigned to dwsiLeopo, the remaining dwsi,] values are copied to duvsiLeopa.  

If maxtemp is lower than tdwmaxind, all values of the dwsifl array are copied direcdy to the dwsil eop array.  

calc-dwsilo is called with a statement of form: 

calc_dwsil(inierim,fina), interim andfina/bring the output file names into the function.  

calc-evapdropo 

Calc.evapdropo calculates the initial temperature required to obtain a given evaporative cooling pressure 

drop when also given the initial pressure. The method used is derived from the equations given in attachment 

2 of reference 3. Since D\\'SIL is predicated on spray into a space with an initial relative humidity of 0' 0, the 

initial drywell atmosphere conditions are: 

pdw, = pnt - 14.7, where 

pdwi is dry-well pressure [psig] and 

pni is the partial pressure of nitrogen [psia], 

pgi = 0, is the partial pressure of water vapor in the airspace [psia], and 

ti is the temperature [oF].  

The spray water is initially at temperature, tspray (set as a constant, 32°F). Reference 3 uses a pressure of 500 

psia to determine enthalpy, i.e., 

hfspray = hf(500, tspray) 

After evaporative cooling has occurred (given immediate uniform mixing of the spray water such that the 

atmosphere is completely saturated), the final atmospheric conditions are: 

pdw2 is the final pressure [psig], 

pn2 is the partial pressure of nitrogen [psia], 

pg2 is the vapor pressure of water [psia], and 

t2 is the final temperature [0F].  

By definition, the evaporative cooling pressure drop is: 

dpevap = p1 - p2.

Since it is given that the drywell atmosphere is completely saturated following spray operation,
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pg2 = psat(t2), and 

p2 = pn2 + pg2 - 14.7.  

The partial pressure of nitrogen at the final state is then, 

pnz = p: - pg2 + 14.7 

Substituting (pi - dpevap) for p2, and psat(t:) for pg-, 

pn2 = p, - dpevap - psat(t2)+ 14.7 

Again, since it is given that the dry, ell atmosphere is saturated at the completion of the evaporative cooling 

pressure drop, the enthalpy and specific volume of the water vapor in the drnweU are: 

hg2 = hgsat(t2), and, 

vg2 = vgsat(t2), respectively.  

The energy absorbed to vaporize the spray water is then: 

Espray = (vdw / vg2) * (hg2 - hfspray) 

The energy liberated by nitrogen of mass mn is: 

En = mn * cpn * (ti - t), where, cpn is the specific heat of nitrogen, and mn may be obtained using the 

ideal gas law: 

mn = (vdw * pn2 * 144) / (RN * (t2 + 459.69)), where RN is the ideal gas constant for nitrogen.  

Since the energy required for vaporization of the spray water is obtained by cooling nitrogen, these energy 

terms may be equated: 

(vdw / vg2) * (hg2 - hfspray) = mn * cpn * (t, - tQ) 

Substituting previous expressions for hg2, vg2 and mnn into this equation results in the relation: 

(vdw / vgsat(t2)) * (hgsat(t2) - hfspray) = [(vdw * pn2 * 144) / (RN * (t2 + 459.69))] * cpn * (t, - t:) 

This is equivalent to: 

(hgsat(t2) - hfspray) / vgsat(ta) = [(pn2 * 14-4 * cp,,) / (RN * (tz + 459.69))] * (t, - t2) 

Rearranging terms, this yields: 

(ti - t2) = [(hgsat(t2) - hfspray) / vgsat(t2)] * [RN * (t2 + 459.69) / (pn2 * 144 * cp,)} 

Inserting the previously derived expression for pni2, rearranging terms and solving for ti yields:
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t = t2 + [IN (hgsat(ta) - hfspray) ' (t2 + 459.69)] / fvgsat(Q) * cp.* (pu- dpcvap - psat(_ + 14.7) 

1443 

From the ideal gas law, it is known that: 

pnm / (ti + 459.69) = pfa- / (t2 + 459.69) 

Subsdtuling prcviously shown exprcssions for pnj and pn2: 

(p, + 14.7) / (t- + 459.69) (pj - dpcvap - psat(tu) + 14.7) / (tu + 459.69) 

Rearranging Terms yields: 

(p, + 14.7) * (t2 + 459.69) / (p, - dpevap - psat(ru) + 14.7) tj + 459.69, or 

tj = [(p, + 14.7) * (t2 + 459.69) / (p, - dpevap - psat(t2) + 14.7)] - 459.69 

[-quading the two expressions for tj, the following is obtained: 

ta + [RN * (igsat(t) - hfspray) (t1 + 459.69)] / [vgsat(ta) * cpn * (p, - dpevap - psat(t2) + 14.7) * 144] 

[(pi + 14.7) (t2 + 459.69) / (p, - dpevap - psat(tr) + 14.7)] - 459.69 

Rearranging terms: 

(tz + 459.69) + [RN (hgsat(t2) - hfspray) / vgsat(t2) * cp, (p,- dpevap - psat(LI) + 14.7)*, 144)]:* (rt 

+ 459.69) [(pi + 14.7) (ta + 439.69) / (p, -. dpuvap - psat(t2) + 14.7)] 

SThis is equivalentto: :...  

S[RN * (gsat(t,) - hfspray) I vgsat(t2) * -p (pt - dpevap -- psat(ta) +.147) '.1. )] = [(p, + 14.7) / 

(p, - dpevap - psat(t2) + 14.7)] )., 

Multiplying by both sides by (p, - dpevap - psat(t2) + 14.7): N.  

(pt - dpevap - psat(tz) + 14.7) + [RN f (hgsat(ta) - hfspray) / (vgsat(rt) cp. * 144)) - p, + 14.7 

Subtracting (pi + 14.7) from both sides: 

[RN * (bgsat(t2) - hfspray) / (vgsat(ta) * cp. * 144)] - (dpcvap + psat(t2)) = 0, or, 

[RN * (hgsat(rt) - hfspray) / (vgsat(t.2) * cp, * 144)] = dpevap + psar(t,) 

The code in calc.evapdropo works as follows: 

Values of initial drywell pressure,pl, and evaporAtive cooling pressurc drop, dpevap, axe passed to the 

funcionl. The function contains definitions for the following parameters: 

RN, the ideal gas constant for nitrogen is set constant at 55.1 ft-lbm/lbm-*R, 

OPN, the specific heat of nitrogen is set constant at 0.248 Btu/lbin-°R,
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t-pray, the temperature of the spray water is set to 32°F.  

Upon entry, the function determines the enthalpy of the spray water, hfjprqy, by passing the function hpt ý the 

values (500 psia, tspray).  

Storage for the result of evaluation of the right and left sides of the above equation, rside and hide is initialized 

at 0. The final drywell temperature, 12, is then set to tspraq" (since drvwell temperature is greater than tsprw,ý, this 

is a bounding lower value for 12).  

The following process is then repeated until rside becomes greater than lside.  

rside and Aide are assigned the values: 

rside = dpevap + psat(t-, and Aside is assigned the value: 

Iside = (RN * (hgsat-bvyt(t2) - bfspray)) / (CPN * 144 * vgsat-byjt(t2)), 

then the value of 12 is raised by 0.01.  

When the loop terminates, 11 is determined by evaluation of the expression: 

t1 = ((pl + 14.7) * (t2 + 459.69) / (pI - dpevap - psat(t2) + 14.7)) - 459.69 

t1 is then returned to the routine which called calc-evapdropo.  

calc-evapropo is called with an assignment statement of form: 

a = calcevapdrop(dpe'ap, pdw) 

MINIMUM DRYWE.IJ SPUN FLOW: MDSF 

The MDSF is the lowest spray flow that assures uniform circumferential spray distribution within the drywell.  

The value assigned will be the larger of the values calculated for 'A' and 'B' spray headers, since this ensures 
MDSF is met irrespective of failure of either system to operate.  

The first step in determining mdifis to evaluate the minimum required spray flow for each header by 

calculating the product of the number of spray nozzles on the header, spray bdrl.num nZ.s by the flow 

required to establish a full cone spray pattern for that nozzle type, sprayhdfl.wn/.l The results of these 

evaluations, msf.a and m.-9b are then passed to the maxfloatso function to obtain the larger flow, which is 

assigned to mdsf 

This calculation is done by the function, calc_mdsfo. calc mdsfo is called with a statement of form: 

calc_mdsf(fina%,finalbrings the output file name into the function.

Minimum Debris Retention Injection Rate: MDRIR
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T-he MDRIR is the lowest RPV injection rate at which it is expected that core debris will be retained in the 

RP_ when RPV water level cannot be determined to be above the bottom of active fuel. NORIR is 

calculated using the function, calcmdrirO.  

Calculation of mdriijj] begins with determination of the specific volume of water injected into the RPV. This 

is done by calling vpto with the parameter pair (500, t1p_bacL2Jco) in accordance with reference 3.  

Aldritij is calculated for selected RPV pressures, specifically, 0 psig, 500 psig and 1000 psig. by repeating a 

loop based on pressure. Initially, pressure is set at: 

prpv_,g = 0 psig, and 

prpvt.a =prpvg + 14.7 (= 14.7) psia.  

An index into the md4i]U array on pressure, index._p is set to 0.  

Now while prpv_,g is less than 1100 psig, the following process is iteratively repeated: 

The enthalpy of water reaching core debris, hfinj, and the enthalpy of steam discharged from the RPV, 

hgpv, are respectively determined by passing the functions, hfsat-hby-po and hgsat by0pO the value, prpv__a.  

MDRIR is now determined as a function of time after shutdown using a loop that is executed 25 times, 

controlled by index_t.  

The time element of mdrirfl 0 is assigned the value of time from the generic decay heat data, i.e., 

mdriraDtime = sd pwr.time 

The pressure element of mdrirlfl is assigned pressure, prpv_.g.  

Finally, the flow required to remove decay heat at a given time after shutdown is calculated as follows, and 

assigned to the flow element of mdfiriD: 

mdrir]] Oflow = (qrx_rated* sd.pwri.power* k1 * vf-ini* k3) / ((bgjrpv- hfinj) * 60 * 100) 

Following completion of this loop, prpv_.g and prpv..a are raised by 500, index p is incremented and the process 

repeated (provided prpv-g is less than 1100 psig).  

calcmdriro is called with a statement of form: 

calc-mdrir(interim,finai, interim andfinalbring the output file names into the function.  

Suppression Chamber Spray Initiation Pressure: SCSIP 

The SCSIP is the lowest pressure that can exist in the torus when 95% of the noncondensibles from the 

drywell have been transferred to the torus airspace. SCSIP is calculated using the function, calcscsipo.  

The partial pressures of water vapor in the torus and drywell airspace with 100% relative humidity, pgjsc and 

pgdw, are obtained by passing the function, psato the maximum normal operating airspace temperatures, 

tsc_ .maxop and tdw maxop.
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The partial pressure of torus dry nitrogen (or air) in the torus airspace, normalized to 100°F determined using 

the ideal gas law is: 

pnsc__sc = ((psc._minop -pg sc + 14.7) ' 559.69) / (sc,_naxop + 459.69) 

The partial pressure of drywell dry nitrogen (or air) in the torus airspace, normalized to 100l determined 

using the ideal gas law is: 

pnsdw = ((pdwminop -pg.dw + 14.77) * 559.69 * vdw) / ((tdw__maxop + 459.69) * t -sc6)o) 

The value of scsip is then obtained by solving the followxing expressions, in order: 

sesip = (tip-minop + 459.69) * (pns,--c + (0.95 * pnscdw)) / 559.69, and, 

scsip = scsip + psat(tip.minop) - 14.7 

calc.scsip0 is called with a statement of form: 

calc_scsip(inierimjfna), interim andfina/bring the output file names into the function.  

SUMMARY/CONCLUSIONS 

Input values required for generation ofJAF Emergency Procedure and Severe Accident Guidelines, 

Emergency Operating Procedures and Severe Accident Operating Guidelines have been calculated and are 

tabulated in attachment 31. The object-ve of this calculation has been achieved.  
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containment material properties
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JAF-CALC-MISC-03116, Rev. 0 Attachment 1 Page 1 of 2 

Type 1 ss304, SA240, SA3 

Temperature 70 200 400 600 

Yield strength 1 0.925 0.81 0.76 

Tensile strength 1 0.89 0.-2 0-715 

Source "Engineering Properties of Steel," ASM, 1982; USS Steel Design Manual, May 

1974; Engineering Material Science, C.W. Richards, 1961; Elevated 

Temperature Properties of Carbon Steels, Simmons and Cross, ASTM 

Special Publication No. 180, Sept. 1955 

BWROG EPG/SAG App. C, Rev. 1. p. C-3-3 

Type 2 S21800, A193 and 

Temperature 70 200 400 600 

Yield strength 1 0.79 0.58 0.53 

Tensile strength 1 0.87 0.79 0.76 

Source "Engineering Properties of Steel," ASM, 1982; USS Steel Design Manual, May 

1974; Engineering Material Science, C.W. Richards, 1961; Elevated 

Temperature Properties of Carbon Steels, Simmons and Cross, ASTM 

Special Publication No. 180, Sept. 1955

BWROG EPG/SAG App. C, Rev. 1, p. C-3-3



Type 3 A36 

Temperature 70 200 400 600 

Yield strength 1 0.92 0.95 0.88 

Tensile strength 1 0.95 1 1 

Source "Engineering Properties of Steel," ASM, 1982; USS Steel Design Manual, .May 
1974; Engineering Material Science, C.W. Richards, 1961; Elevated 

Temperature Properties of Carbon Steels, Simmons and Cross, ASTM 
Special Publication No. 180, Sept. 1955 

BWROG EPG/SAG App. C, Rev. 1, p. C-3-3 

Type 4 A160 Gr. Band A1 

Temperature 70 200 400 600 

Yield strength 1 0.94 0.86 0.77 

Tensile strength 1 0.96 1 1 

Source "Engineering Properties of Steel," ASM, 1982; USS Steel Design Manual, Mlay 
1974; Engineering Material Science, C.W. Richards, 1961; Elevated 
Temperature Properties of Carbon Steels, Simmons and Cross, ASTM 
Special Publication No. 180, Sept. 1955 

BWROG EPG/SAG App. C, Rev. 1, p. C-3-3 

Type 5 A201, Gr. B, A212 

Temperature 70 200 400 600 

Yield strength 1 0.95 0.86 0.76 

Tensile strength 1 0.95 1 1 

Source "Engineering Properties of Steel," ASM, 1982; USS Steel Design Manual, May 
1974; Engineering Material Science, C.W. Richards, 1961; Elevated 

Temperature Properties of Carbon Steels, Simmons and Cross, ASTM 
Special Publication No. 180, Sept. 1955

BWROG EPG/SAG App. C, Rev. 1, p. C-3-3

Page 2 of 2Attachment 1JAF-CALC-MISC-03116, Rev. 0



decay heat data 
JAF-CALC-MISC-03116, Rev. 0 Attachment 2 

Time after shutdown [min.] Decay heat [%] 

2 3.038

4 

6

8

10 

15 

20 

25 

30 

35 

40

45 

50 

60

2.658 

2.458

2.32

2.212 

2.009 

1.862 

1.747 

1.653 

1.574 

1.507

1.45 

1.4

1.318

Tuesday, December 08, 1998 

Page 1 of 2 

Source 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

B'WROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-34 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BNWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWX'ROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4
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Time after shutdown [min.] Decay heat [%] Source 

90 1.155 BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

120 1.057 BWROG EPG/SAG App. C, 

Rev. 1. p. C-3-4 

150 0.9901 BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

200 O.9661 BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

300 0.8673 BWROG EPGISAG App. C, 

Rev. 1, p. C-34 

450 0.7863 BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

600 0.7255 BWROG EPG/SAG App. C, 

Rev. I, p. C-3-4 

900 0.6509 BWROG EPG/SAG App. C, 
Rev. 1, p. C-3-4 

1200 0.6002 BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-4 

1500 0.5622 BWROG EPG/SAG App. C, 
Rev. 1, p. C-34 

1800 0.5311 BWROG EPG/SAG App. C, 
Rev. I, p. C-3-4



generic data 
JAF-CALC-03116, Rev. 0 Attachment 3 

Variable Value

Tuesday, December 08, 1998

Page 1 of 2

Source

c_steel 0.128

0.1dptp-dprpv 

dptp-dwll 

fb1I0_nat 

fb Il_nat 

fqdh_10 

fqdh_100 

fqdh_2 

kl

5

0.1978 

0.8022

GE internal document Y1002A070; B\WROG 
EPG/SAG App. C, Rev 1, p. C-3-2 

NEDE-218l8-1. March 1981; BWROG EPG/SAG 

App. C, Rev. 1. p. C-32 

GE memo PPS-59-82 (DRF A22-0073, Tab E), 

October 1I, 1982; BWROG EPG/SAG App. C, 

Rev. 1, p. C-3-2 

Chart of Nuclides, Kn Als Atomic Power 

Laboratory, 14th Ed.. -; 88; BWROG EPG/SAG 

App. C, Rev. 1. p. C-3-2 

Chart of Nuclides, Kn3Uls Atomic Power 

Laboratory, 14th Ed.. -;'88; BWROG EPG/SAG 

App. C, Rev. 1, p. C-3-2 

BWROG EPG/SAG App. C, Rev. 1, p. C-3-2 

BWROG EPG/SAG App. C, Rev. 1, p. C-3-2 

BWROG EPGISAG App. C, Rev. 1, p. C-3-2 

Marks' Standard Hanr2>ook for Mechanical 

Engineers, Baumeister. Avallone, et al, 19-8; 

B\WROG EPG/SAG App. C, Rev. 1, p. C-3-3 

Marks' Standard Hand-ook for Mechanical 

Engineers, Baumeisqte. Avallone, et al, 19-8; 

BWROG EPG/SAG Arp. C, Rev. 1, p. C-3-3 

Marks' Standard Hand.ook for Mechanical 

Engineers. Baumeister. Avallone, et al, 1978; 

BWROG EPG/SAG App. C, Rev. 1, p. C-3-3 

Chart of Nuclides, Knolls Atomic Power 

Laboratory, 14th Ed.. 4/88; BWROG EPG/SAG 

App. C, Rev. 1, p. C-3-3 

Chart of Nuclides, Knolls Atomic Power 

Laboratory, 14th Ed.. 4/88; BWROG EPG/SAG 

App. C, Rev. 1, p. C-3-3 

NEDE-24988, October, 1981; BWROG EPG/SAG 

App. C, Rev. 1, p. C-3-4; Target Rock 2-stage, 

Model 7567F, Vendor Manual #T020-0041 

BWROG EPG/SAG App. C, Rev. 1 assumption for 

PCPL calculation, page C-2-45

0.022115 

0.01118 

0.030381 

3412000

k2 

k3

56868 

7.48 

10.01mblO 

mbl 1 11.01

srvyopen 

tlimdw

50

545
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Variable Value Source 

tlim sp 350 BWROG EPG/SAG App. C, Rev. 1 assumption for 

PCPL calculation, page C-2-45



containment data Tuesday, December 08, 1998

Page 1 of 1
JAF-CALC-MISC-03116, Rev. 0 Attachment 4

I nr�atinfl Material Stren�ith pcalc n tcalcn Source

JAF-CALC-PC-03115, RO 

JAF-CALC-PC-03115, RO 

JAF-CALC-PC-01436 

JAF-CALC-PC-03115, RO 

JAF-CALC-PC-03115, RO

h n

0 

29.5 

30.3 

50 

85

ww 

ww 
ww 
DW 

DW

4 

4 

1 

4 

4

III 

108 

120 

129 

118

300 

300 

350 

300 

300

k I -ration Material Strength



Tuesday, December 08, 1998

containment spray header data 
JAF-CALC-MISC-03116, Rev. 0 Attachment 5

Spray header 

numnzls

Source of num_nzls 

wnzl 

Source of wnzl

A 

263 

DBD-010, PCN No. JAF-DBD-010-4-0
4 1 

20 

DBD-O10, PCN No. JAF-DBD-010-0-035 contains a Spray Systems Co.  

catalogue excerpt which shows a 1-1/2 H 30 nozzle provides 20 gpm at a 

pressure drop of 3 psi

Spray header B 

num_nzls 221 

Source of num_nzls DBD-010, PCN No.JJAF-DBD-010-4-041 

wnzl 20

Source of wnzl DBD-OIO, PCN No. J],-DBD-0l0O-"35 contains a Spray Systems Co.  

catalogue excerpt which shows a 1-1/2 H 30 nozzle provides 20 gpm at a 

pressure drop of 3 psi

Page 1 of 1



Tuesday, December 08, 1998
eccs system flows 
JAF-CALC-MISC-03116, Rev. 0 Attachment 6

System 

Flow rate 

RPV pressure 

Source 

System 

Flow rate 

RPV pressure

Source

CS 

6781 6000 5500 

0 59 93 

JAF.CALC-RHR-03153, Rev. 0 

RIIR 

9628 9000 8000 

0 26 65 

JAF-CALC-RHR-03153, Rev. 0

Page 1 of 1

5000 

123 

7(XX) 

99

4500 

151 

6(X)O 

126

4000 

176 

5000 

149

3000 

219 

40(X) 

166

2000 

256 

3000 

182

1000 

279 

20(X) 

195

0 

295 

0 

208



Tuesday, December 08, 1998

fuel data by type 

JAF-CALC-MISC-03116, Rev. 0 Attachment7

GEl I

Ifuel [in.] 

Source of Ifuel 

Time after shutdown [min.] 

Time to reach 1500 degf [min.] 

Source for times 

fafl_1 5 

fafl_18 

wg_1500 

Source of steam cooling data

146 

M 1-97-030, Cycle 14 Reload Core 

10 30 50 80 100 500 1000 3000 

2.35 3.15 3.72 4.33 4.65 6.85 8.27 11.57 

GE letter JAB-N7018, "Plant Emergency Procedure Parameters Affected by Fuel Design," March 

letter JAB-N8072, "Plant Emergency Procedure Parameters," October 27, 1998 

83.33 

75

6000 
14.87 

14, 1997; GE

1260 

GE letter JAB-N7018, "Plant Emergency Procedure Parameters Affected by Fuel Design," March 14, 1997; GE 

letter JAI-N8072, "Plant Emergency Procedure Parameters," October 27, 1998

Fuel type

Page 1 of 2



JAF-CALC-MISC-031 16, Rev. 0 Attachment 7 Page 2 of 2

Fuel type GE12

Ifuel [in.] 

Source of Ifuel 

Time after shutdown [min.] 

Time to reach 1500 degf [min.] 

Source for times 

fafl_1 5 

faflI 8 

wg_1500 

Source of steam cooling data

150 

M 1-97-030, Cycle 14 Reload Core 

10 30 50 80 1 (X) S(X) 1000 3000 ,000 

2.35 3.15 3.72 4.33 4.65 6.85 8.27 11.57 14.87 

GE letter JAB-N7018, "Plant Emergency Procedure Parameters Affected by Fuel Design," March 14, 1997; GE 

letterJA&-N8072, "Plant Emergency Procedure Parameters," October 27, 1998 

83.33 

75 

1260 

GE letter JAB-N7018, "Plant Emergency Procedure Parameters Affected by Fuel Design," March 14, 1997; GE 

letterJAB-N8072, "Plant Emergency Procedure Parameters," October 27, 1998

Page 2 of 2JAF-CALC-MISC-03116, Rev. 0 Attachment 7



plant data 
JAF-CALC-MISC-03116, Rev. 0

Variable

Tuesday, December 08, 1998

Attachment 8

Value

Page 1 of 6

Source

BWR_PSCtype

BWR-type

c_clad 

c_fuel

dpdw.ww

dpsrv

fblOslc

hdco 

hring

hsc-tap 

hsp-ref

hsrv

hvent-pc

mclad

Mark I 

BWR/4 

0.0761 

0.0683

8.5

28

0.347 

9.58 

17.85 

20.98

0

65.91 

104.25

109124

UFSAR Section 16.7.3.1 

UFSAR Section 1.7 

GE internal document Y1002C130; BWROG EPG, 
Rev. 4 App. C, page C-2-11 

GE internal document Y1002CO21; BWROG EPG, 

Rev. 4, App. C, page C-2-11 

Teledyne Engineering Services Technical Report 

TR-6177-1, Rev. A, Determination of Allowable 
Drywell Negative Pressure JAFNPP, 10/84, Table 
3-1 

JAF Mod M 1-90-083; 

Technical Specification 3.4.C 

JAF-CALC-PC-0304 4 , RO 

JAF-CALC-PC-03044, RO 

JAF-CAIC-PC-03115, RO 

UFSAR Table 7.3-10 

FP-27B, SRV discharge flange centerline; Dwg.  
6.32-80; Dwg. 6.32-82 

Elevation of bottom invert of penetration X

26A/B. FV-1A provides centerline elevation of 335 

ft and nominal diameter of 18 in.  

Memorandum REF-98-112, EPG Calculations 

Cycle 14 Core, George Rorke to David Burch, 

October 28, 1998 (49498.414 kg * 2.2046 lb/kg, 

Cameron Hydraulic Data, Eighteenth Edition)

8.95e5 JAF-CALC-MISC-01966, RImf~rpv_cld



JAF-CALC-MISC-03116, Rev. 0

Source

jAF-CALC-MISC-O 1966, R I 

Memorandum REF-98-112, EPG Calculations

Cycle 14 Core, George Rorke to David Burch, 

October 28, 1998, 113088.26 kg (x 2.2046 lb/kg, 

from Cameron Hydraulic Data, Eighteenth 

Edition)

mgrpv.hot 

mrpv 

mrpv-taf 

nbrjfuel-types 

nbr._pc.members

nbuns

nsrvads

pdw-maxop 

pdw-minop

1.53e4 

2.02e6 

9.59e5 

2

5

560

7

1.95 

1.2

2.7pdwscram 

ppc-maxind

ppc-yent

85 (torus)

62

jAkF-CALC-MISC--o1966, RI 

JAF-CAIC-MISC-01966, RI 

JAF-CALC-MISC-01966, RI 

M1-9 7 -030, Cycle 14 Reload Core

Arbitrarily defined, sum of the number of 
components evaluated in JAF-CALC-PC-03115 and 

JAF-CALC-PC-01436 

M1-97-030, Cycle 14 Reload Core 

Technical Specification 3.5.D. 1 

OP-37, Containment Atmosphere Dilution System 

OP-37, Containment Atmosphere Dilution 

System; procedure requires drywell to torus dP 

be maintained >= 1.7 psid, minimum torus 

pressure required by procedure is -0.5 psig 

Technical Specification Table 3.1-1 

UPSAR Table 7.19-1 

SWEC Calculation 14620.9011 US(N) 004-1, 

Suppression Chamber (20") and Drywell (24") 

Vent and Purge Butterfly Valves Evaluation Based 

on ReIap5/NMod2 56 psig and 62 psig Results

37.44 jAF-GCALC-PC-01519, RO

Variable

mLfrpv-hot

Value

mfuel

5.32e5 

249314

Attachment 8 Page 2 of 6

pq-code



JAF-CALC-MISC-03116, Rev. 0 

Variable 

pq-des 

pqscode 

pqsdes 

prpvmaxind 

prpv-tp 

psc-maxop 

psc-minop 

pspdes 

pspsrv 

psrvlift 

psrvname

psup-srv 

ptp-code 

ptp-des 

ptps-code 

ptps-des 

qrxrated 

slc_tk_dia

110 

42 

22.5 

1.5 

1 

2536 

8.97

Page 3' -- 6Attachment 8 

Value 

27.66 

36 

11.287 

1500 

1250 

0.5 

-0.5 

56 

12.87 

1145 

1080

Source 

JAF-CALLC-PC-0 1519, RO 

JAF-CALC-PC-0 1519, RO 

JAF-CALC-PC-O 1519, RO 

UFSAR Table 7.19-1 

JAF-CALC-MISC-022
4 0, RO, Attachment 5 

OP-37, Containment Atmosphere Dilution System 

OP-37. Containment Atmosphere Dilution Syvtem 

Dwg. 3.1144 

JAF-CA-LC-MISC-022
4 0, RO, Attachment 5 

Technical Specification 2.2.1 .B 

OPL-3. RO, Transient Protection Parameters 

Verification for Reload Licensing Analyses 

FitzPatrick - Reload 13 - Cycle 14 Final 

OP-3-, Containment Atmosphere Dilution Sys.em 

JAF-CALC-PC-O 1519, RO 

JAF-CALC-MISC-02240, RO, Attachment 5 

JAF-CA.LC-PC-0 1519, RO 

JAF-CrALC-PC-O1519, RO 

Technical Specification 1.O.N 

Dwg. 3.37-3; outside diameter 9 ft, wall thickness 

0.1875 in.
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Variable Value Source

slc_tklvlinspan 

slc_tk_lvlout-span 

srv-type 

tcst 

tdwmaxind

tdwjmaxop 

tdw-minop

tscmax

121.5 

100 

Target Rock, 2-s 

125 

440

135 

100

220 

110
tsc-maxop

tsc-minop

tslc

tsp_flood 

tsp-minop

68

104 

42 

68

Dwg. 16.11-47 

Dwg. 16.11-48 

Model 7567F-0 10; Vendor Manual T020-0041; 

Rome Equipment Inquiry 

JAF-CALC-MISC-02806, RO 

UFSAR Table 7.19-1; ROME Equipment Inquiry 

for 16-ITR-107 & 16-ITR-108; ISP 28-1 

UFSAR Table 5.2-3; OP-53, Drywell Ventilation 

and Cooling 

Assumption, substantiated by review of data 

logged during performance of ST-40D for the 

period 1/3/98 to 3/21/98 (dates from cover 

sheet). Weighting factors for individual areas 

obtained from 1987 PCILRT report, attachments 
3.2D and 3.2E.  

Dwg. 3.1144 

Technical Specification 3.7.A. 1 .c.(3) limit on 

torus water temperature. Assumes airspace 

temperature is in equilibrium with water 
temperature 

OP-13A, RHR - Low Pressure Coolant Injection & 

OP-13B, RHR -Containment Control limit on pool 
water temperature. Assumes airspace 
temperature is in equilibrium with water 
temperature.  

JAF-CALC-MISC-02806, RO 

JAF-CALC-PC-03125, RI 

OP-1 3A, RHR - Low Pressure Coolant Injection; 

OP-13B, RIHR - Containment Control

Attachment 8 Page 4 of 6
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Variable Value Source 

tspscram 110 Technical Specification 3.7.A. 1 c.(3) 

vdw 176,397 JAF-CALC-PC-031
2 5, RI 

vrpvjtaf 1.03e4 JAF-CALC-MISC-O19
6 6 , RI 

vscdco 154763 JAF-CALC-PC-O3044, RO 

vsclco 113603 JAF-CA•LC-PC-030
4 4 , RO 

wlrpv baf -144 UFSAR Table 7.8-1 describes reference point for 

RPV water level indication 

wlsp maxlco 14 Technical Specification 3.7.A. l.a 

wlsp-minlco 13.88 Technical Specification 3.7.A. 1 .b 

wisp-srv 14 NYPA memorandum NED-CS-94-WP5I-VU 1242 , 

James A. FitzPatrick Nuclear Power Plant 

Additional Emergency Procedure Guideline SRV 

Input Data Parameters, 18 May 1994 

wispjtp 14 NEDE-21935P, "Mark I Containment Program T

Quencher Load Definition Report," August 19-8, 
p. 5-5 

wslc 50 Technical Specification 4.4.A.2 

wsrv name 829000 OPL-3, RO, Transient Protection Parameters 
Verification for Reload Licensing Analyses 

FitzPatrick - Reload 13 - Cycle 14 - Final 

xbcldnat 660 GE letter JAB-N7018, "Plant Emergency 
Procedure Parameters Affected by Fuel Design," 

March 14, 1997; GE Letter JAB-N8072, "Plant 

Emergency Procedure Parameters," October 27, 

1998
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Variable Value Source 

xbhotnat 522 GE letter JAB-N7018, "Plant Emergency 
Procedure Parameters Affected by Fuel Design," 

March 14, 1997; GE Letter JAB-N8072, "Plant 
Emergency Procedure Parameters," October 27, 
1998 

xb_slc 1.832e4 JAF-CALC-SLC-03126, RO



srv discharge line length 
JAF-CALC-MISC-03116, Rev. 0 Attachment 9 

Torus water level [ft] SRV water leg length [ft]

Tuesday, December 08, 1998 

Page 1 of 1

0 

0.86 

8.12 

11.21 

42.79 

JAF-CALC-MISC-01521, Set No. 2, Rev. 0

13.88 

14.66 

15.5 

18.51 

29.5

Source



torus volumes 
JAF-CALC-MISC-03116, Rev. 0

Tuesday, December 08, 1998 

Attachment 10 Page 1 of 1

TnrJ.• water level lftl Torus water volume [fW3] Torus air volume [ft3]

65339 

69214 

78589 

88145 

97840 

106442 

107619 

117174 

126432 

135793 

143927 

JAF-CALC-PC03044, Rev. 0

9.58 

10 

11 

12 

13 

13.88 

14 

15 

16 

17 

17.85

Source

154763 

150890 

141436 

131960 

122200 

113603 

112428 

102119 

92820 

83463 

75334

Torus ater level Ift'l



config.dat JAF-CALC-MISC-03116, Rev. 0 Attachment 11

thermin.dat 
thermout.dat 
u 
u 

t 
2 
n 
n 
vo,cp

Page 1 of I
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thermin.dat 

15 
32,600,1 
C 

500 
32,600,1 
C 

1000 
32,600,1 
n 
3 
32,600,1 
n 
4 
1,1500,1 
q
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// do eop calculations.cpp: 
// This file contains the instructions required to control performance 

// of an integrated set of EOP support calculations.  
// 
// This code was written to conform to the syntax required by Microsoft 

// Visual C++.  
/
// Author: Dave Burch 
// Copyright: 1998 
// Version: 1.0 

#include<fstream.h> 
#include<iomanip.h> 
#include<iostream.h> 
#include<math.h> 
#include<stdlib.h> 
#include<string.h> 
#include<strstrea.h> 

#include "plant data.h" 
#include "thermo.h" 

#include "eop calculation input.h" 

#include "shared data.h" 
#include "shared functions.h" 
#include "mpspcwl.h" 
#include "pcpl.h" 
#include "stpll.h" 
#include "hctl.h" 
#include "rpv.h" 
#include "boron.h" 

#include "psp.h" 
#include "drywell spray.h" 
#include "mdrir.h" 

#include "scsip.h" 

/ ****** ****** ********* 

// 
// VARIABLE DECLARATIONS 
// 

char inter name[30]; // name of file to store intermediate results 

char finalname[303; // name of file to store final results 

* ******* * *********t**** 

// 
// FUNCTION PROTOTYPE 
// 

// None: doeopcalcs only provides 'main()' function for program 

int main(void) 

int hold; 

int test-good; // variable indicating success of operations performed 

// by load_plantdata() and loadthermoo) functions 

testgood = loadsplantdata{); 

// non-zero value indicates the function did not complete successfully 

// put a delay in loop to allow looking at results on screen 

if (test-good != 0) ( 

cout << '\n' <c *type a number to continue' << '\n'; 

cin >> hold; 
cout << c\nc; 

exit(0);



JAF-CALC-MISC-3311
6 , RO, Att. 13 p. 2 

test-good = loadthermo(); 

// non-zero value indicates the function did not complete successfully 

// put a delay in loop to allow looking at results on screen 

if (testgood != 0) 
cout << '\n' << "type a number to continue" << I\n'; 

cin >> hold; 
cout << c \n'; 
exit(0); 

// assign file names, create files (ios::out is specified 

// to ensure program starts with a clean file)and write headers 

// for storage of intermediate and final results.  

// files are closed after headers written to assure 

// file buffer is flushed 

strcpy(inter_name, "eop calc intermediate results') 

ofstream inter out(intername, ios::out); 

inter out << "EOP calculation intermediate results:\n\n"; 

interout.close(; 

strcpy(final_name, "eop calculation final results"); 

ofstream finalout(finalname, ios::out); 

final out << "EOP calculation final results:\n\n"; 

finalout.close); 

// call function to write inputs used for calculation 

// to the file containing final results 

write_input values (final name) 

// do the calculation 

calcmpspcwl(final_name); 

sequence_pcpl(intername, finalname); 

calcstpll(intername, finalname); 

calc_tsphctl_2 (intername); 

sequence rpv(intername, finalname); 

calchctl(inter-name, final-name); 

sequenceboron(inter-name, finalname); 

calcypsp(inter-name, finalname); 

calcdwisl(intername, finalname); 

calc mdsf(final name); 

calcmdrir(intername, finalname); 

calc_scsip(inter-name, finalname); 

// release memory used for storage of 

// thermodynamic properties of water 

freethermof); 

return (0); // we be done!!
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)1/ end main
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// plant data.h: 
// This file declares structures and variables to contain 

plant-specific and generic parameters used for calculation 

// of variables and curves required by the jAF Emergency 

// Procedure and Severe Accident Guidelines and their derivative 

// procedures. Functions that initialize these variables are 

// also provided.  

// Data required for the EPG Calculations is described 

// in Appendix C of the BWROG EPGs/SAGs, Rev. 1 

// dated July, 1997.  

I/ This code was written to conform to the syntax required by Microsoft 

// Visual C++.

1/ 
// Author: 
// Copyright: 
// Version:

Dave Burch 
1998 
1.0

//*.**o*** **** ** *t** ** ******* 
1/ 
// STRUCTURE DECLARATIONS 
// 

// data describing primary containment strength

struct containmentdata {
II I
II 
II 
II 
II

elevation of member, ft 
drywell (DW) or wetwell (%W) 

material of construction 

pressure capability of member 

basis for pressure capability 

temperature at which capability determined

// data required to calculate maximum core uncovery time limit

struct core heatup 
double tsd[9J; 
double tcu_15[91; 1; 

// generic decay heat data 

struct decay heat 
double time; 
double power; 

};

// time after shutdown [min.] 

// time to reach 1500OF for core uncovery (min.]

// time after shutdown [min.) 
// decay heat as percent of rated power [t)

// data describing low pressure ECCS pump flow charactristics

struct eccs~pump_flow 
double flow; 

double rpvpress;

// pump flow rate [gpm] 
// corresponding RPV pressure [psig]

// generic normalized material strengths

struct materialstrength 
double temp[41; 
double fyield[4]; 
double ftens[4]; 

1;

I/ /I 
//

temperature [OF] 
normalized yield strength [fraction] 

normalized tensile strength [fraction]

// data describing drywell spray headers 

struct sprayhdr_data (

double 
double 
double 
double 
double 
double

h_n; 
location; 
material; 
pcalcin; 
strength; 
tcalcn;
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double numnzls; 
double wnzl;

// nurber of nozzles assigned to spray subsystem 

// flow rate required to develop spray pattern

d; 

// data describing SRV tail pipe length vs. torus water level

struct srvdldata 
double spwl; 
double wll; 

1;

// torus water level [ft) 
// srv water leg length [ft)

// data describing torus air and water volumes as a function of height

struct torus_volume 
double wlsp; 
double vsc_air; 
double vsp;

// torus water level [ft] 
// torus airspace volume (ft3J 

// torus water volume [ft3]

/ **** * **** ******** ******* 
// 
// VARIABLE DECLARATIONS 

pp / **** ** *** ** ***** ******* 

// plant specific parameter list

int nbr_fueltypes; 
int nbr_pc members;

Ii 
I, 
I,

char BWR_type[6]; // 

char BWRPsC type[7]; I; 

double cclad; / 

double cfuel; /p 

double dpdw_ww; /1 

double dpsrv; /, 

sprayhdr data spray_hdr [2]; 

double fafl_15[10];

double fafl_18[10]; 

double fblOslc; 
double hdco; 
double hring; 
double hsc_tap; 
double hsp_ref; 
double hsrv; 
double hventpc; 
double lfuel[10]; 
double mclad; 
double mfrpv_cld; 

double mfrpvhot; 

double mfuel; 
double mgrpvhot; 

double mrpv; 

double mrpv_taf; 
int nbuns; 
int nsrv ads; 

containmentdata 
double pdwmaxop; 
double pdwminop; 
double pdw scram;

/1 
// 
// 
// 
// 
/1 
'I 
// 
I
If 
/I 
// 
/
1/ 
// 
1/ 
II 
II 
I, 
I, 
I, 
I, 
I, 
I, 
I,

number of fuel types used for fafl_15, etc.  
number of PC members for which 

structural properties are defined 

Reactor system product line 

Containment system product line 

specific heat of clad [Btu/lbm-OF] 

specific heat of fuel [Btu/Ibm-OF] 

drywell below wetwell dP capability Epsid] 

minimum pneumatic supply dP to open SRVs [psid] 

// drywell spray header data 

// active fuel length fraction required to be covered to 

// maintain PCT < 15000F as a function of fuel type 

active fuel length fraction required to be covered to 

maintain PCT < 1800 0 F as a function of fuel type 

B-10 isotopic enrichment in SLC tank 

elevation of downcomer openings [ft] 

elevation of vent header (in torus) [ftJ 

elevation of torus instrument tap [ft] 

elevation of torus water level instrument zero [ft] 

elevation of lowest SRV pneumatic solenoid (ft] 

elevation of primary containment vent [ft) 

length of active fuel as a function of fuel type [in.] 

mass of fuel clad and channels [Ibm] 

mass of water in RWR, SDC and RWCU loops with 

RPV water level at L8 trip and water temperature at 68SF [lbm] 

mass of water in RWR and RWCU loops with RPV 

water level at L8 trip and water te--perature at saturation 

temperature for minimum SRV lift pressure (lbm) 

mass of fuel [lbm] 

mass of saturated steam in RPV and main steam lines inboard 

of outboard MSIVs with water level at L8 trip and pressure 

at minimum SRV lift pressure (Ibm] 

mass of RPV, internals, RWR loops and main steam 

lines inboard of outboard MSIVs [lbm] 

mass of RWR loops and RPV and internals below TAF [lbm] 

number of fuel bundles 

number of SRVs assigned to ADS

pc -data[10]; 
// maximum normal operating drywell pressure [psig] 

// minimum normal operating drywell pressure [psig) 

// high drywell pressure scram setpoint [psig]

/ / 
I 
I 
I 
I 
I 
I 
I
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double ppc maxind; // 

double ppc vent; // 

double pq_code; // 

double pq_des; // 

double pqscode; // 

double pqsdes; // 

double prpv_maxind; // 

double prpvtp; // 

double psc-maxop; // 

double psc minop; // 

double pspfdes; // 

double psp-srv; // 

double psrv_lift; // 

double psrvname; // 

double psup srv; // 

double ptp_code; // 

double ptp_des; // 

double ptpscode; // 

double ptps des; // 

double qrx_rated; // 

double slctkdia; // 

double slc_tk_lvlinspan; // 

double slctkIlvl out span; 

char srv_type[30]; 

core heatup t_to_1500(10]; 

double tcst; // 

double tdwmaxop; /2 

double tdwmaxind; /2 

double tdwminop; / 

double tsc max; / / 
/ 

double tsc_maxop; / 

double tscminop; / 

double tslc; / 

double tspflood; / / 

double tspjminop; / 

double tspscram; / 

double vdw; 

double vrpv taf; 

double vsc dco; 

double vsclco; 

torusvolume vtorus(1l]; 

double wg 1500[10]; 

srvdl data srvdl[5]; 

eccs pump_flow lpciflow[10 

eccsjpump_flow cs-flow[10]; 

double wlrpv.baf; 

double wlspmaxlcO; 
double wlspminlco; 
double wlspsrV; 
double wlsptp; 
double wslc; 

double wsrvname; 
double xbcldnat; 

double xbhotnat; 
double xb_slc; 

// generic parameter list 

double csteel; 

double dptp_dprPv; 

double dptpfdwll;

maximum indicated drywell pressure (psig] 

maximum pressure at which drywell vent can be operated [psig] 

code allowable stress for SRV qaencher [kpsi] 

design basis stress for SRV quencher [kpsi] 

code allowable stress for SRV quencher support (kpsi] 

design basis stress for SRV quencher support [kpsi] 

Maximum indicated RPV pressure (psig] 

RPV pressure used for SRV tail pipe design calcls (psig] 

maximum normal operating torus pressure [psig] 

minimum normal operating torus pressure (psig] 

torus boundary design load [psig] 

maximum load on torus boundary from SRV actuation [psi] 

minimum SRV lift pressure [psig] 

SRV nameplate pressure (psig] 

minimum normal operating SRV pneumatic supply pressure (psig] 

code allowable stress for SRV tail pipe [kpsi] 

design basis stress for SRV tail pipe [kpsi] 

code allowable stress for SRV tail pipe support [kpsi] 

design basis stress'for SRV tail pipe support (kpsi] 

rated reactor power [MWtJ 

SLC tank diameter [ft] 

SLC tank level instrument input span [in.] 

// SLC tank level instrument output span (%I 

// core uncovery time limit data 

/ CST temperature (OF] 

/ maximum normal operating drywell temperature (OF] 

( maximum indicated drywell temperature [OF] 

/ minimum normal operating drywell temperature [OF] 

/maximum temperature capability of torus and contained 

equipment which may be required to operate when the 

/ RPV is pressurized [(F] 

/ maximum normal operating torus airspace temperature [(F] 

/ minimum normal operating torus airspace temperature [IF] 

/ maximum normal operating SLC tank temperature [OF] 

'/ minimum temperature of torus 

/ when containment flooded [OF] 

// minimum normal operating torus water temperature [*F] 

// torus water temperature at which scram is required [F] 

// free volume of drywell and vent system (ft3] 

f/ free volume of RWR, RWCU and SDC loops and 

// RPV below TAF [ft3] 

// torus free volume above downcomer openings [ft3] 

// torus free volume above minimum torus water level LCO [ft3] 

// torus water and air volume as a function of level 

f/ bundle steam flow required to maintain PCT < 1500°F (Ibm/hr] 

// SRV water leg length (in tail pipe) data 

]; // ECCS pump flow versus RPV pressure 

// RPV water level at bottom of active fuel [in.] 

// torus maximum water level LCO (ft] 

// torus minimum water level LCO [ft] 

// torus water level used to establish SRV boundary load [ft] 

// torus water level used for SRV tail pipe load calc's [ft) 

// SLC flowrate [gpm] 

// SRV nameplate flow rate [lbm/hr] 

// cold shutdown boron concentration [ppm] 

// hot shutdown boron concentration [ppm] 

// minimum normal operating concentration 

// of boron in SLC tank (ppm] 

// specific heat of steel [Btu/lbm'OF] 

// SRV tail pipe load variation with 

/f RPV pressure [%/psig] 

// SRV tail pipe load variation with 

// SRVDL water leg length [%/ft]
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double fbl0_nat; 
dcuble fbll_nat; 
double fqdh_10; 
double fqdh_100; 
double fqdh_2; 
double k1; 

do-able k2; 
double k3; 
double mblO; 
double mbll; 
materialstrength 
decayheat sdpwr 
double srv_open; 
double tlimdw; 
double tlim-sp;

// BIO isotope fraction in natural boron 
// Bi1 isotope fraction in natural boron 

// Io minute decay heat fraction 

// i00 minute decay heat fraction 

// 2 minute decay heat fraction 

// conversion constant (Btu/hr-MWti 

// conversion constant [Btu/min.-MWt] 

// conversion constant [gal/ft3] 

// nuclidic rass of B10 isotope 

// nuclidic mass of Bil isotope 

pcmat([]; // material properties for primary containment 

[25]; // decay heat as a function of time after shutdown 

// SRV re-opening pressure [psid] 

// drywell limiting temperature for pcpl calculation [CF] 

// torus limiting temperature for pcpl calculation [*F]

/ ******.******************** 
// 
// FUNCTION PROTOTYPES 
// 
/ ** *** ** *** ************** 

// prototype of a function which reads a single integer from 

// the input stream (through memory) to a variable 

int assignint(char lineas_stringESO]); 

// prototype of a function which reads a single double from 

// the input stream (through memory) to a variable 

double assign_float(char line asstring[80]); 

// prototype of a function which reads up to eleven floats 

// from the input stream (through memory) to a variable 

void assign_n_floats(char lineasstringf80], double return floats[ll], int n floats); 

// prototype of function which initializes plant and generic data 

int loadplantdata(void); 

I*/*** * * *** ********** *** 

// assign_int function 
/ ****t******k************** 

int assignint(char line asstring[80]) 

int returnvalue; 

istrstream data_string(lineas_string, 80); 

data-string >> return-value; 

return (returnvalue); 

} // end assign_int 

/ ****.*********************** 

// assignfloat function 
/ ** ***** * *** ****** ** ***** 

double assignfloat(char lineas_string[80]) 

double returnvalue; 

istrstream data_string(line_as_string, 80); 

data_string >> returnvalue;

return (returnvalue);
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I end assign float 

// assign n3floats function 

void assign_n_floats(char lineas stringE8O], double returnfloats[ll], int n floats) 

int index; 

istrstream data string(line-as string, 80); 

for (index = 0; index < nofloats; +-index) 

data-string >> returnfloats[index); 

} // end assign_n_floats 

*I******************* 

// load_plant_data function 

int load_plantfdata(void) { 
// Build database for plant specific parameters.  

// Define structure to pull input file into with a 

// 'single' read, along with a pointer to the structure.  

struct whole-file ( 

char inputjline[80]; 1; 
wholefile *linesptrl; 

whole-file *line_ptr2; 

char inputfile[35]; // name of file to get input from 

char read line[80]; // individual lines of input from file 

int index; // index used to populate arrays 

int masterindex; // index used to find place in input structure 

char line_asstring[BO]; // individual lines of input, expressed as strings 

double floatsin[ll]; 
int test-open; // flag for success in opening specified file 

// get file name for plant-specific parameters 

strcpy(inputjfile, "plant data"); 

// construct an ifstream object without opening a file 

ifstream datafilel; 

// open an existing file (i.e., don't make one if it isn't there) 

data filel.open(inputfile, ios::nocreate); 

// get status of call to open file 

test-open = data-filel.is_openf; 

// check for success and act appropriately 

if (test open == 0) { 
cout << "Error: could not open " << inputfile << c \nc ; 

return (1); // non-zero value tells calling program that 

// 'plant data' could not be opened 

g 
// get memory to store input file
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lineptrl = new whole file(14t; 

// populate the array 

cout << "reading " << input file << '\n' << flush; 

for (index = 0; index < 148; -+index) ( 

data filel.getline(read_line, sizeof (readline)); 

strcpy((line_ptrl + index ->inputjline, read_line); 

// be neat, close the input file 

data filel.closeU; 

master-index = 0; // initialize master pointer into input array 

strcpy(line_as_string, (lineotri + masterindex)->input_line) 

nbrfuel types = assign_int line as string) 

++master-index; 
strcpy(line_asstring, (line ptr1 + master_index)->input_line); 

nbrpc members = assign int :ineas string); 

++masterindex; 
strcpy(BWR type, (line_ptrI - master_index)->input line); 

++masterindex; 
strcpy(BWRPSC type, (line _:rl + master_index)->inputj ine) 

++masterindex; 
strcpy(line as string, (line_ptrl + master_index) ->input_line); 

cclad = assign float(lineasstring); 

++master index; 
strcpy(line as string, (line ptrl + master_index)->input_line); 

c fuel = assignfloat(line_as_string); 

++master index; 
strcpy(lineas_string, (line_ptrl + masterindex)->input_line); 

dpdw ww = assign_float(lineas string); 

++master index; 
strcpy(line asstring, (lizeyptrl + masterindex)->inputline); 

dpsrv = assign float(linetas string); 

for (index = 0; index < 2; ++index) 

++master-index; 
strcpy(line-asstring, (line_ptrl + master-index)->inputjline); 

assign n loats(lineasstring, floatsin, 2); 

sprayhdr [index].num_n:ls = floats_in[0]; 

spray hdr [index] .wnzl = floats in l]; 

++master index; 
strcpy(lineasstring, (lize_ptrl + master_index)->input_line); 

assign n_floats(line_as_s=ring, fafl_15, nbrfueltypes); 

++master index; 
strcpy(line asstring, (line_Ptrl + master index)->inputjline); 

assign_n_floats(lilneas_string, fafl_18, nbrfueltypes); 

++master index; 
strcpy(line_as_string, (line_ptrl + masterindex)->input_line); 

fblOslc = assignjfloat(linle as_string); 

++master index; 

strcpy(line as string, (lineptrl + masterindex)->inputjline); 

hdco = assign_float(line_asstring);
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++master index; 
strcpy(line as string, (lineptrl + master index) ->inputline) 

'7 
hring = assignfloatfline-as-string); 

++master index; 

strcpy(line-as-string, (lineptri + masterind--x)->input-line); 

hsc-tap assignfIcat(line-asstring); 

++master index; 

strcpy(line -as -string, (lineptri + masterindex)->inputline); 

hsp-ref assign-float(lineasstring); 

++master index; 

strcpy(line -as -string, (lineptri + masterindex)->inputline); 

hsrv = assign-floatýiine-asstring); 

++master-index; 
strcpy(lineasstr-;ng, (lineptri + masterindex)->inputline); 

hventpc = assignf'oat(lineasstring); 

++master-index; 
strcpy(lineasstring, (lineptri + masterindex)->inputline); 

assign-n-floats(lir.e-as-string, lfuel, nbrfueltypes); 

++master index; 

strcpy(line -as -str;ng, (lineptri + masterindex)->inputline); 

mclad = ass ignf loat- (1 ine-asst ring); 

++master index; 

strcpy(lineasstring, (lineptri + masterindex)->inputline); 

mf-rpvcld = assignfloat(lineas-string); 

++master index; 

strcpy(line-as-string, (lineptrl + masterindex)->inputline); 

mf-rpvhot = assignfloat(lineasstring); 

++master -7 index; 

strcpy(line-as-string, (lineptri + master-index)->inputline); 

mfuel = assignfloat(line-asstring); 

++master index; 
'7 

strcpy(lineasstr4ng, (lineptri + master-index)->inputline); 

mgrpvhot = assignfloat(lineasstring); 

++master index; 

strcpy(line-as-str4ng, (lineptri + masterindex) ->inputline) 

mrpv = assignfloat(lineasstring); 

++master index; 

strcpy(lineasstri-ng, (lineptri + MaSterindex) ->inputline) 

mrpvtaf = assignfloat(lineasstring); 

++master index; 

strcpy(line as strJng, (lineptri + 
masterindex)->inputline); 

nbuns = assignint (line-asstring) 

++master I index; 

strcpy(line - as - string, (lineptrl + masterindex)->inputline); 

nsrv-ads = assign-int(line-asstring); 

for (index = 0; index < nbrpc-members; ++index) 

++master-index; 

strcpy(lineasstring, (lineptri + master-index) ->inputline) 

assign__Xý_floats(lineasstring, floats-in, 
6); 

pc-data[index].h.n = floats-in[o]; 

pc-data[indexl.location = floats-injil; 

pc-data[indexl.material = floats-in[21;
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pc-data[indexI.Pcalcn. = floatsin[31; 

pcdatalindex).strength = floats-in[4]; 

pcdata[index).tcalcn = floats__Jn[51; 

reset reference to memory to skip 'pad lines, in input 

master-index = master-index + 11 - nbrpc-members; 

strcpy(lineasstring, (lineptri + master -
index)->inputline); 

pdw-maxop = assignfloat(lineasstring); 

++master index; 

strcpy(line - as - string, (lineptri + -.rasterindex) - >inputline) 

pdw-minop = assignfloat(lineasstring); 

++master-index; 
strcpy(lineas - string, (lineptrl + resterindex) - >inpljtline) 

pdw-scram = assignfloat(lineasstring); 

++master index; 

strcpy(line as -string, (lineptrl + rrasterindex) - >inputline) 

ppc-maxind assignfloat(line-asstring); 

++master index; 

strcpy(line - as 7 string, (lineptrl + tnasterindex) ->inputline) 

ppc-vent = assignfloat(line-asstring); 

++master index; 
7 

strcpy (lineasstring, (lineptri + Trasterindex) - >inputline) 

pqcode = assignfloat(line-asstring); 

++master 7 index; 

strcpy (lineasstring, (lineptrl + masterindex) - >inputline) 

pqdes = assignfloat(line-as-string); 

++master index; 

(17 strcpy ineasstring, (lineptrl + masterindex) - >inputline) ; 

pqscode = assignfloat(lineasstring); 

++master index; 

strcpy(line - as - string, (lineptri + masterindex) - >inputline) ; 

pqs-des = assignfloat(lineasstring); 

++master index; 
7 

strcpy(lineasstring, (lineptri + masterindex)->inputline); 

prpv-Taxind = assignfloat(line-asstring); 

++master index; 
7 

strcpy(lineas string, (line 
master index) - >inputline) 

prpvtp assignfloat(lineasstring); 

++master_ýndex; 

strcpy(line-as-string, (lineptri + r-.asterindex)->inputline); 

psc-maxop = assignfloat(lineasstring); 

++master-index; 

strcpy(lineas string, (line aster index)->input line); 

psc-minop = assignfloat(line-asstring); 

++master-index; 

strcpy(lineas - string, (lineptrl + masterindex)->inputline); 

pspdes = assign-float(line-as-string); 

++master-index; 

strcpy(line-asstring, (lineptri + master-index)->inputline); 

pspsrv = assignfloat(line-as-string);

++master-index;
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strcpy(lineasstring, (lineptrl + master -index) - > inputl ine) 

psrvlift = assignfloat(lineasstring),, 

++master-index; 
_ptrl + master ý-x)->input_line); 

strcpy(line as string, (line _ir 

psrv-name = assign-float(lineas-string); 

++master-index; 
strcpy (1 ineasstring, (1 ineptrl + masteriný-=-x) - > input-1 ine) 

psupsrv = assignfloat(line-as-string); 

++master-index; 
strcpy(line - asstring, (lineptri + masterindex)->input-line); 

ptp-code = assignfloat(line-as-string); 

++master-index; 
strcpy (1 ineasst ring, (lineptrl + masterinl-ex) - >inputline) ; 

ptp-des = assignfloat(line-as-string); 

++master-index; 
strcpy(line -asstring, (lineptri + master_-index) - >input-line) ; 

ptps-code = assignfloat(line-as-string); 

++master-index; 
strcpy(line -as - string, (lineptrl + masterindex)->inputli-ie); 

ptps-des = assignfloat(line-asstring); 

++master-index; 
strcpy(line -asstring, (lineptri + masterindex)->input-line); 

qrx-rated = assignfloat(line-as-string); 

++master-index; 
strcpy(line as -string, (lineptri + masterindex)->inputline); 

slc-tk-dia assignfloat(line-as-string); 

++master-index; 
strcpy(lineas -string, (lineptri + masterindex)->input-line); 

slc-tk-lvl-in-span = assignf loat (line-asstring) 

++master-index; 
strcpy(line -as -string, (lineptri + master_-;ndex)->input-line); 

slc-tk-lvl-out-span = assignf loat (line-asstring) 

++master-index; 
strcpy(srvtype, (lineptri + masterindex) ->inputline) 

for (index = 0; index < nbr-fueltypes; ++index) 

++master-index; 
strcpy(lineasstring, (I ineptrl + master-index) - > inputl ine) 

assignnf loats (lineasstring, tto-1500 ( index] .t-sd, 9) 

++master-index; 
strcpy(lineas -string, (lineptri + master-index) ->inputline) 

assignnf loats (1 ineas-st ring, t-to 15.00 [index] . tcu-15, 9) 

reset reference to memory to account for 'pad lines, in input 

master-index = master-index + (2 * (10 - nbr-fueltypes)) + 1; 

st rcpy (1 ine-asst ring, (lineptri + master-index)->inputline); 

tcst = assignfloat(line-as-string); 

++master index; 

strcpy(lineasstring, (lineptrl + masterindex)->input-line); 

tdw-maxop = assign-float(line-as-string); 

++master index; 

strcpy(line as - string, (lineptrl + masterindex)->input-line); 

tdw-maxind assignfloat(lineasstring);
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++M.ster-index; t line); 
strcpy(lineasstring, (lineptrl + 'rasterindex) -inpu 

tdw-minop = assignfloat(line-as-string); 

++master-index; 

strcpy (line as string, (line trI + T.-.asterindex) - >input I ine) 

tsc-max = assign-float(line-as-string); 

++master-index; 
strcpy(lineasstring, (lineptrl + master-index) ->input - line); 

tsc-maxop = assignfloat(line-as-string); 

++master-index; 
strcpy(line-asstring, (lineptri + -,.aster-index)->ir.,-,;--,t-line); 

tsc_ýminop = assignfloat(line as-string); 

++master-index; 
strcpy(lineasstring, (lineptri + rasterindex)->i=-utline); 

ts1c = assignfloat(lineasstring); 

++master index; 

strcpy(line -as -string, (lineptri + rrasterindex)->innutline); 

tsp-flood = assignfloat(line-asstring); 

++master index; 

strcpy(line - as - string, (lineptri + -.asterindex)->inputline); 

tsp__Tninop = assignfloat(lineas-string); 

+ýTnaster index; 
strcpy(line-as-string, (lineptrl + ,naster_index)->i=put_line); 

tsp-scram = assignfloat(line-as-string); 

++master-index; 
strcpy(lineasstring, (line ,aster index)->input line); 

vdw = assignfloat(lineas-string); 

++master index; 

strcpy(line as string, (lineptri + master index) ->i.-putline) 

vrpv-taf = assignfloat(lineasstring); 

++master index; 

strcpy(lineasstring, (lineptri , masterindex)->_inputline); 

vsc-dco assign-float(lineasstr-ing); 

++master index; 

strcpy(lineasstring, (lineptrl + masterindex,)->inputline); 

vsc-Ico = assignfloat(lineasstring); 

for (index = 0; index < 11; ++index) 

++master-index; 
s trcpy (1 ine-asst ring, (lineptri + masterinde:x)->inputline); 

assiqnnflcats(line-as._,string, floats-in, 
3); 

vtorusfindex).wlsp = floats-inio]; 

vtorus(indexl.vsp= floats -in[11; 

vtorus(index].vscair = floats-in[21; 

++master -index; 

strcpy(line-asstring, (lineptri + masterindex)->inputline); 

ass ign-n-f loats (1 ine-as-string, wg_1500, nbrfueltypes); 

for (index = 0; index < 5; ++index) 

++master-index; 
strcpy(lineasstring, (lineptri + master-index)->inputline); 

assignnfloats(line I as -string, floats-in, 
2); 

srvdl[index].wll floats in[01; 

srvdl[index).spwl floats-in[l];
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for (index = 0; index < 10; .- index) 
++masterindex; 

strcpy(lineas_string, (line ptrl + masterindex)->input_!ine); 

assign_n_floats(lineas_string, floats-in, 2); 

Ipciflow[index].flow = floatsin[0]; 

ipci~flowtindex].rpvpress = fioatsin[l]; 

for (index = 0; index < 10; +.index) 
++master-index; 

strcpy(line..-astring, (!.neptrl + masterindex)->inputline); 

assign_n_floats(line asstring, floatsin, 2); 

cs flowfindex] .flow = flrats in(0]; 

cs-flowlindex] .rpvpress = floatsin[l]; 

++masterindex; 

strcpy(lineasstring, (lineptrl - master index)->input_line); 

wlrpvbaf = assign_float(lir.e as string); 

++master index; 

strcpy(lineas string, (lineptrl + master_index)->input_line); 

wlspmaxlco = assign-float(line_as_string); 

++master index; 

strcpy(lineasstring, (line ptrl + master_index)->input_line); 

wlspminlco = assignfloat(line_asstring); 

++master index; 

strcpy(line as string, (line ptrl + master_index)->input-line); 

wlspsrv = assign_float(line_as string); 

++masterindex; 

strcpy(line as string, (line ptrl + master_index)->input_line); 

wlsptp = assignfloat(lineasstring); 

++master index; 

strcpy(line -as string, (line ptrl + master_index)->input_line); 

wslc = assignfloat(line_asstring); 

++master index; 

strcpy(lineas_string, (line ptrl + masterindex)->input_line); 

wsrvname = assign_float(lineas_string); 

++master index; 

strcpy(line_as_string, (lineyptrl + master_index)->input_line); 

xbcldnat = assignfloat(lineas-string); 

++masterindex; 

strcpy(lineasstring, (line ptrl + masterindex)->input_line); 

xbhotnat = assign float(line asstring); 

++master index; 

strcpy(line_as_string, (lineyptrl + masterindex)->inputline); 

xbslc = assign-float(line asstring); 

// release memory used for storage of input data file 

delete[1 line ptrl; 

b d* **************** ****e 
// build database for generic parameters 

/ ********************k******

// get file name for generic parameters
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strcpy(inputfile, "generic data"); 

// construct an ifstream object without opening a file 

ifstream data file2; 

// open an existing file (i.e., do.'t make one if it isn't there) 

data_file2.open(input_file, ios::ntcreate) 

// get status of call to open file 

test-open = data_file2.isopen(o; 

// check for success and act apprcpriately 

if (test-open == 0) ( 

cout << "Error: could not open * << input file << I\n«; 

return (1); // non-zero value tells calling program that 

'/ ,generic data' could not be opened 

// get memory to store input file 

lineptr2 = new wholefile(56]; 

// populate the array 

cout << "reading " << inputfile << '\n' << '\n' << flush; 

for (index = 0; index < 56; ++index) ( 

data file2.getline(read line, sizeof(read.line)); 

strcpy((line ptr2 + index) ->input line, readline); 

// be neat, close the input file 

data file2.close(); 

master-index = 0; // initialize master pointer into input array 

strcpy(lineasstring, (line_ptr2 - master index)->inputline); 

c_steel = assign_float(line_asstring); 

++master-index; 

strcpy(lineas_string, (lineptr2 + master_index)->input_line); 

dptpdprpv = assignfloat(lineas-string); 

++master index; 

strcpy(lineas_string, (lineptr2 - master_index)->input_line); 

dptpdwll = assignfloat(line asstring); 

++master index; 

strcpy(line_as_string, (lineptr2 + master_index)->inputline); 

fblOnat = assignfloat(line_asstring); 

++master index; 

strcpy(lineas_string, (lineptr2 + masterindex)->input_iine); 

fbll_nat = assign_float(lineas_string); 

++master index; 

strcpy(line_as_string, (line ptr2 + masterindex)->input_line); 

fqdh_10 = assign_float(lineas_string); 

++master index; 

strcpy(lineas_string, (line ptr2 + masterindex)->inputline); 

fqdh_100 = assign_float(line_as_string);

++master-index;
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strcpy(line_as_string, (line_ptr2 + masterindex)->input_line); 

fqdh_2 = assignfloat(lineasstring); 

++masterindex; 

strcpy(lineasstring, (line ptr2 + master_index)->input_line); 

k1 = assign float(lineasstring); 

++masterindex; 

strcpy(line -as string, (line_ptr2 + master_index)->input_line); 

k2 = assign float(lineasstring); 

++masterindex; 

strcpy(linfe_asstring, (lineptr2 + master_index)->input_line); 

k3 = assign float(lineasstring); 

++masterindex; 

strcpy(line_as_string, (lineptr2 + masterindex)->input_line); 

mblO = assign float(lineas_string); 

++masterindex; 

strcpy(line as string, (line_ptr2 + master_index)->input_line); 

mbll = assignfloat(lineas string); 

for (index = 0; index < 5; ++index) 

++masterindex; 

strcpy(line_as_string, (line~ptr2 + masterindex)->inputline); 

assign_n_floats(line asstring, pc-mat[index] .temp, 4); 

++masterindex; 

strcpy(line asstring, (line_ptr2 + masterindex)->input_line); 

assign_n_floats(line as_string, pc mat[index).fyield, 4); 

++master index; 

strcpy(line asstring, (line_ptr2 + masterindex)->inputline); 

assign_n_floats(line_as_string, pcmat[index].ftens, 4); 

for (index = 0; index < 25; ++index) 
++master-index; 

strcpy(line as string, (line_ptr2 + master index)->input_line); 

assign n_floats(line_as_string, floatsin, 2); 

sdpwr[index].time = floats in[0]; 

sd pwr[index] .power = floatsjin[l]; 

++master-index; 

strcpy(lineas_string, (line ptr2 + masterindex)->inputjline); 

srv open = assign_float(lineas string); 

++master index; 

strcpy(lineas_string, (lineyptr2 + masterindex)->input_line); 

tlimdw = assign_float(line_as_string); 

++master index; 

strcpy(line asstring, (lineyptr2 + master_index)->inputjline); 

tlim_sp = assign_float(lineas_string); 

delete[] lineptr2; 

return (0); // function executed successfully

) // end loadplant-data
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// thermo.h: 
// this file declares structures, variables and functions used to 

// calculate the thermodynamic properties of water for use in 

// other programs.  
// 
// The following properties are accessible: 

// Saturated fluid: saturation pressure, saturation temperature, 

// specific enthalpy, specific entropy, specific volume 

// and specific heat. Subcooled or superheated fluid: specific 

// enthalpy, specific entropy, specific volume and specific 

// heat.  
'I 
// The values are stored in the following increments: 

// Saturated fluid: By pressure: 1 psia to 1500 psia by 1 psia; 

// By temperature: 32 degf to 600 degf by 1 degf 

// Subcooled/Superheated fluid: at 15 psia, 500 psia and 1000 psia 

// for the range from 32 degf to 600 degf 

// by 1 degf 
// 
// Raw data were generated by using the ASME software for 

// Properties of Water and Steam Using the 1967 IFC Formulation 

// for Industrial Use, writing the results to file.  

// The protoype of a function defining a user interface to the stored 

// thermodynamic data is also included.  

// This code was written to conform to the syntax required by Microsoft 

// Visual C++.  
// 
// Author: Dave Burch 

// Copyright: 1998 
// Version: 1.0 

/*/************************** 
// 
// STRUCTURE DECLARATIONS 
// 
/ ***t**** ********** 

// define the structures used to store subcooled/superheated and saturated water properties 

struct subcooled { 
double pressure; 
double temperature; 
double h; 
double s; 
double v; 
double cp; 

struct saturated 
double pressure; 
double temperature; 
double hf, hg; 
double sf, sg; 
double vf, vg; 

double cpf, cpg; 

/ *********t*****k*********** 

/
// VARIABLE DECLARATIONS 
1/ 
/ *************************** 

// define pointers to arrays used to store subcooled/superheated 

// water properties at 15, 500 and 1000 psia
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subcooled *subl5_ptr; 

subcooled *subsoo_ptr; 

subcooled *subl000optr; 

// define pointers to arrays used to store saturated 

// water properties by temperature and pressure 

saturated *satbytempptr; 

saturated *satbypress ptr; 

**********k***k********* 

// 
// FUNCTION PROTOTYPES 
// 
1* * ***** *** *** ***** *** * **** 

// prototype of a function to initialize variables containing thermodynat.c data 

int loadthermo(void); 

// protoype of a function that frees memory which held thermodynamic data 

void freethermo(void); 

// prototypes of functions which return various thermodynamic properties 

// functions which return saturated fluid properties as a function of 

// pressure, these require input of pressure [psial and return the value 

// signified by the name of the function 

double tsat(double pressurejin); 

double hfsat by_p(double pressurein); 

double hgsatby_p (double pressure-in); 

double sfsatby_p(double pressure-in); 

double sgsat by_p(double pressurein); 

double vfsatby_p(double pressurein); 

double vgsat byp(double pressurein); 

double cpfsatjbyp(double pressure_in); 

double cpgsat-by_p(double pressurein); 

// functions which return saturated fluid properties as a function of 

// temperature, these require input of temperature (degf] and return 

// the value signified by the name of the function 

double psat(double temperaturein); 

double hfsat byt(double temperaturein); 

double hgsatby_t(double temperature_in); 

double sfsatbyt(double temperaturein); 

double sgsatby_t(double temperature_in); 

double vfsat by_tt(double temperature_in); 

double vgsat by_t(double temperature_in); 

double cpfsat by t (double temperature_in) ; 

double cpgsatbyt (double temperature-in); 

// functions which return subcooled or superheated fluid properties 

// as a function of pressure and temperature, these require input of 

// pressure [psia] and temperature [degf] and return the value signified 

// by the name of the function 

double hpt(double pressure_in, double temperature_in); 

double spt(double pressure_in, double temperature_in); 

double vpt(double pressure_in, double temperature_in); 

double cppt(double pressurejin, double temperature_in); 

S/*** *f************ ****** 

// load thermo function 
* **************************
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load thermo(void) 

// define structure to pull input file into with a 

// 'single, read, along with a pointer to the structure 

struct whole-file ( 
char inputline[80t ; 

w; 
whole-file *line_ptr;

input file[35]; 
read-line(80]; 
index; 
masterindex; 
line asstring[80J; 
linel asstring[80]; 
line2_asstring[80]; 
test-open;

'I 
I' 
'I 
// 
1/ 
1/ 
// 
'I

name of file to get input from 
individual lines of input from file 

index used to populate arrays 

index used to find place in input structure 

individual lines of subcooleid/superheated data 

individual lines of saturated data 

two lines required since inrjut is on two lines 

flag for success in opening specified file

// get file name for thermodynamic data 

strcpy(input_file, "thermo data"); 

// construct an ifstream object without opening a file 

ifstream datafile; 

// open an existing file (i.e., don't make one if it isn't there) 

data_file.open(inputj ile, ios::nocreate); 

// get status of call to open file 

testopen = data_file.is_open(); 

// check for success and act appropriately 

if (test open == 0) ( 

cout << "Error: could not open " << inputfile << c\nc; 

return (1); / non-zero value tells calling program that 

I/ 'thermo data' could not be opened 
I 

// get memory to store input file 

line_ptr = new whole file[5895]; 

// populate the array 

cout << "reading " << inputfile << '\n' << flush; 

for (index = 0; index < 5895; ++index) ( 

data file.getline(readline, sizeof (readline)); 

strcpy((line ptr + index)->input_line, read line); 
I 

// be neat, close the input file 

data file.closefl; 

// get memory for subcooled/superheated data 

sublS_ptr = new subcooled[569]; 

subSOO5ptr = new subcooled[569]; 
sublOOO_ptr = new subcooled[569];

// get memory for saturated data

int

char 
char 
int 
int 
char 
char 
char 
int
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satbytempptr = new saturated[569]; 

satbypress ptr = new saturated[15CO]; 

cout << "processing 15 psia subcooled data\n" << flush; 

// read subcooled 15 psia data into storage array pointed to by sublSptr 

// subcooled data begins on line 16 of input file, which is stored beginning 

// at index 15 of array pointed to by linesptr 

masterindex = 15; 
for (index = 0; index < 182; ++index) 

strcpy(line as string, (linesptr + masterindex)->inputline); 

istrstream data string(lineasstring, 80); 
++master-index; 
data_string >> (subl5_ptr + index)->pressure; 
data_string >> (subl5_ptr + index)->temperature; 
data_string >> (sublS_ptr + index)->h; 
datastring >> (sublS_ptr + index)->s; 
data_string >> (subl5_ptr + index)->v; 
data_string >> (subl5_ptr + index)->cp; 

// blow past saturation line data for 15 psia by adding 2 to masterindex 

masterindex = masterindex + 2; 

// read superheated 15 psia data into storage array pointed to by subl5_ptr 

cout << "processing 15 psia superheated data\n" << flush; 

for (index = 182; index < 569; ++index) ( 

strcpy(line as string, (linesptr + masterindex)->input_line); 
istrstream datastring(line asstring, 80); 
++masterindex; 
data_string >> (subl5_ptr + index)->pressure; 
data_string >> (subl5_ptr + index)->temperature; 
datastring >> (sublS_ptr + index)->h; 

data_string >> (subl5_ptr + index)->s; 
data_string >> (subl5_ptr + index)->v; 
data_string >> (sublS_ptr + index)->cp; 

cout << "processing 500 psia subcooled data\n" << flush; 

// read subcooled 500 psia data into storage array pointed to by subSOO_ptr 

// subcooled data begins on line 594 of input file, which is stored beginning 

// at index 593 of array pointed to by line_ptr 

master-index = 593; 

for (index = 0; index < 436; ++index) 

strcpy(line asstring, (line_ptr + master index)->input_line); 
istrstream datastring(line_as_string, 80); 
++masterindex; 
datastring >> (subSO5_ptr + index)->pressure; 
datastring >> (subSoOptr + index)->temperature; 
datastring ý.> (subSOO_ptr + index)->h; 

data string >> (sub50o_ptr + index)->s; 
data-string >> (sub5oo_ptr + index)->v; 
datastring >> (subsOo_ptr + index)->cp; 

// blow past saturation line data for 500 psia by adding 2 to masterindex 

masterindex = masterindex + 2; 

// read superheated 500 psia data into storage array pointed to by sub5OO_ptr
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cout << "processing 500 psia superheated data\n" < flush; 

for (index = 436; index , 569; ++index) ( 
strcpy(lineas string, (line_ptr + master_irndex)->input_line); 
istrstream data_string9lineas string, 80); 
+4master index; 
data_string >> (subSO0_ptr + index)->pressure; 
datastring >> (sub0UDptr + index)->temperature; 
data string >. (sub50y_ptr + index)->h; 

data string >> (subSOO_ptr + index)->s; 
data_string » (subSO0ptr + index)->v; 
data string » (subSOptr + index)->cp: 

cout << "processing 1000 psia subcooled data\n" << flush; 

// read subcooled 1000 psia data into storage array pointed to by sublO0,jptL 
// subcooled data begins on line 1172 of input file, which is stored beginning 
// at index 1171 of array pointed to by lineptr 

master index = 1171; 

for lindex = 0; index ý 513; ý.index) 
strcpy(line asstring, (linepcr + master index)->inputline); 
istretream data_strinU(line as string, 80); 
++master index; 
data_string >> (sublOO0_ptr + index)->pressure: 
data_string >> (subloooptr + index)-5temperature; 
data_string >> (subl000yptr + index)->h: 
datastring >» (subl000 ptr + index)->s; 
dat~a_striq >> (subl000_ptr + index) ->v; 
datastring »> (sublOPO ptr . index)->cp; 

// blow past saLuration line data for 1000 psia by adding 2 to masterindex 

master_index = master_index + 2; 

I/ read superheated 1000 psia data into storage array pointed to by sublOOOptr 

cout << "processing I000 psia superheated data\n" << flush; 

for (index - 513; index < 569; ++index) 
strcpy(line_as_string, (lineptr + masterindex)->inputline); 
Istrscream data_string(line as string, 80); 
÷+masterindex; 
datastring >> (sublOOO ptr + index)->pressure; 

data SLring >> (sublOOptr + index)->temperature: 
data string >> (sublOO0_tr + index)->h; 

data_string >> (sublOOOptr + index]->s; 
data_string >> (sublOOOpLr + iindex)->v; 
data strinq >> (subl0DOptr + index)->cp; 

cout << "processing saturation by temperature data for 32 degf to 200 degf\n" << flush; 

// read saturation line data by temperature into atorage array pointed 
I/ to by satbytempptr. data begins on line 1750 of input file, which 
// is stored beginning at index 1749 of array pointed to by line_ptr 

master-index = 1749; 

for (index = 0; index e 569; ++index) 
strcpy(linelasstring, (line ptr masterindex)->inputline); 
istratream data stringl(linelasstring. 801; 
++master_index; 
strcpy(line2_as_string, (line_ptr + master_index)->inputline);
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istrstream datastring2(line2_as string, 80); 
++masterindex; 

data stringl >> (satbytempptr + index)->pressure; 

datastringl >> (satbytemp_ptr + index)->te7-t.peratt 

datastringi >> (satbytemp_ptr + index)->hf; 

datastringi >> (satbytemp_ptr + index)->sf; 

data-stringi >> (satbytempptr + index)->vf; 

data-stringi >> (satbytemp_ptr + index)->cpf; 

data-string2 >> (satbytempptr + index)->hg; 

datastring2 >> (satbytemp_ptr + index)->sg; 

data string2 >> (satbytempptr + index)->vg; 

datastring2 >> (satbytemp_ptr + index)->cpg; 

if (index == 168) ( 

cout << "processing saturation by temperature 

cout << " to 400 degf\n" << flush;

if (index == 368) ( 

cout << "processing saturation by temperature 

cout << " to 600 degf\n" << flush;

ire;

data for 201 degf"; 

data for 401 degf";

cout << "processing saturation by pressure data for 1 psia to 200 psia\n" << flush; 

// read saturation line data by pressure into storage array pointed 

// to by satbypress ptr. data begins on line 2895 of input file, which 

// is stored beginning at index 2894 of array pointed to by linesptr 

masterindex = 2894; 

for (index = 0; index < 1500; ++index) 

strcpy(linel as string, (line ptr + mastersindex)->inputjline); 

istrstream datastringl(linelasstring, 80); 

++naster index; 

strcpy(line2_as string, (line_ptr + masterindex)->input_line); 

istrstream data string2(line2_asstring, 80); 

++master index; 

datastringi >> (satbypress_ptr + index)->pressure; 

datastringi >> (satbypress ptr + index)->temperature; 

datastringl >> (satbypress_ptr + index)->hf; 

datastringi >> (satbypress_ptr + index)->sf; 

datastringi >> (satbypress_ptr + index)->vf; 

datastringi >> (satbypress_ptr + index)->cpf; 

datastring2>> (satbypress_ptr + index)->hg; 

data string2 >> (satbypress_ptr + index)->sg; 

data string2 >> (satbypress_ptr + index)->vg; 

data_string2 >> (satbypress_ptr + index)->cpg; 

if (index == 200) ( 

cout << "processing saturation by pressure data for 201 psia"; 

cout << " to 400 psia\n" << flush;

(index == 400) { 
cout <c "processing saturation by pressure 

cout << " to 600 psia\n" << flush; 

(index == 600) ( 

cout << "processing saturation by pressure 

cout << " to 800 psia\n" << flush; 

(index == 800) { 
cout << "processing saturation by pressure 

cout << " to 1000 psia\n" << flush;

data for 401 psia"; 

data for 601 psia"; 

data for 801 psia";

(index == 1000) ( 

cout<< "processing saturation by pressure data for 1001 psia"; 

cout << " to 1200 psia\n" << flush;

(index == 1200) {

I 
if 

if 

if 

if

if
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cout 4< "processing saturation by pressure data for 1201 psia*; 

cout << " to 1400 psia\nz << flush; 

if (index == 1400) 

cout << "processing saturation by pressure data for 1401 psia"; 

cout << " to 1500 psia\n" << flush; 

cout << \nm' << flush; 

// release memory used to hold input file 

delete[] lineptr; 

return (0) ; // function executed successfully 

) end loadthermo 

// freethermo function I* ** * *** * *** * ** ** *** ** * 

void freethermo(void) 

// release memory used for storage of thermodynamic properties 

delete[] subl5sptr; 
delete[]subSoo0ptr; 
delete[] sublOOO_ptr; 
delete[] satbytemp_ptr; 
delete[] satbypressjptr; 

} free thermo 

/************** ******** ***** 

// tsat function 
***** ****** *************** 

double tsat(double pressure_in) 

// function which returns saturation temperature, 
// given an absolute pressure 

int lo index; 
int hiindex; 
double baseoutputvalue; 
double delta outputvalue; 
double delta_pressure; 
double output-value; 

lo index = int(pressure_in) - 1; // index 0 corresponds to 1 psia 

hi index = lo index + 1; 

baseoutput value = (satbypressptr + lo index)->temperature; 

deltaoutput value = (satbypressptr + hiindex)->temperature - baseoutputvalue; 

delta_pressure = pressure_in - hiindex; 

output value = base output value + (delta_pressure * delta output value); 

if (pressurein == 1500) output-value = (satbypress_ptr + loindex)->tenperature; 

return (output-value); 

} end tsat 

* ************************** 
// hfsatby_p function 
d ** **** *** ** ***** *psr 

double bfsat~by~p(double pressure_in) 

(
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// function which returns fluid enthalpy at saturation, 

// given an absolute pressure 

int 1o index; 
int hi index; 

double base outputvalue; 
double deltaoutputvalue; 
double deltapressure; 
double output value; 

lo index = int(pressure in) - 1; // iniex 0 corresponds to 1 psia 

hi index 1oindex + 1; 

base output value = (satbypress ýtr + lo_index)->hf; 

deltaoutput value (satbypressptr + hi index)->hf - baseoutputvalue; 

deltapressure = pressure_in - hbindex; 

output value = base output value * (deltapressure * deltaoutput value); 

if (pressure in == 1500) output value = :satbypressptr + loindex)->hf; 

return (output value); 

// end hfsat-by-p 

**** * ** **** ******** ****** 

// hgsat by_p function 
******* ** ***** ****** *** * * 

double hgsat-by_p(double pressure-in) 

// function which returns vapor enthalpy at saturation, 

// given an absolute pressure 

int loindex; 
int hiindex; 
double baseoutputvalue; 
double delta outputvalue; 
double deltapressure; 
double output-value; 

1o index = int(pressure_in) - 1; // index 0 corresponds to 1 psia 

hi index = loindex + 1; 

baseoutputvalue = (satbypressotr + loindex)->hg; 

deltaoutputyvalue = (satbypress_ptr + hi index)->hg - baseoutputvalue; 

delta_pressure = pressurein - hiindex; 

output value = base output value + (delta pressure * delta output value); 

if (pressurein == 1500) output-value = (satbypress_ptr + 1oindex)->hg; 

return (output-value); 

} // end hgsat-by_p 

/ *************************** 

// sfsat byp function 
/ ************************* 

double sfsatbyp(double pressurein) 

// function which returns fluid entropy at saturation, 

// given an absolute pressure 

int loindex; 
int hiindex; 
double base output-value; 
double deltaoutput value; 

double deltapressure; 
double output-value; 

lo index = int(pressure-in) - 1; // index 0 corresponds to 1 psia 

hi index = loindex + 1; 

base output value = (satbypressptr + loindex)->sf; 

deltaoutputjvalue = (satbypressptr + hi index)->sf - baseoutputvalue;
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delta pressure = pressurein - hiindex; 
outputvalue = base_outputvalue + (delta_pressure * delta outputvalue); 
if (pressure-in == 1500) outputvalue = (satbypress_ptr + lo index)->sf; 
return (output value); 

}/ end sfsat-by_p 

* *****t******************* 

// sgsatbyp function I* * * *** * ** ******* *** * ** * ** * 

double sgsat by_p(double pressurein) I 
// function which returns vapor entropy at saturation, 
// given an absolute pressure 

int loindex; 
int hiindex; 
double base outputvalue; 
double delta outputvalue; 
double delta_pressure; 
double output-value; 

loindex = int(pressure_in) - 1; // index 0 corresponds to 1 psia 
hi index = lo index + 1; 
base output value = (satbypress_ptr + loindex)->sg; 
deltaoutput value = (satbypress_ptr + hi_index)->sg - baseoutputvalue; 
delta-Pressure = pressure_in - hi index; 
output-value = base outputvalue + (deltasPressure * delta outputvalue); 
if (pressure in == 1500) output-value = (satbypress ptr + loindex)->sg; 
return (outputvalue); 

// end sgsatby_p 

// vfsatby_p function 
* *** ******* ************* 

double vfsatby_p(double pressure-in) 

// function which returns fluid specific volume at satu-ration, 
// given an absolute pressure 

int loindex; 
int hiindex; 
double base output value; 
double delta outputvalue; 
double delta_pressure; 
double output-value; 

loindex = int(pressure_in) - 1; // index 0 corresponds to I psia 
hi index = lo index + 1; 
base_output value = (satbypress_ptr + lo-index)->vf; 
delta_output value = (satbypress ptr + hi index)->vf - baseoutput value; 
deltapressure = pressure_in - hi_index; 
output value = base output value + (delta_pressure * deltaoutput value); 
if (pressure in == 1500) output-value = (satbypress_ptr + loindex)->vf; 
return (output-value); 

) // end vfsatby_p 

* ********************** 

// vgsatby_p function 

double vgsatby_p(double pressure-in) 

/f function which returns vapor specific volume at saturation,
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// given an absolute pressure 

int lo index; 
int hiindex; 
double base output value; 

double deltaoutputvalue; 
double deltapressure; 
double outputvalue; 

lo index = int(pressurein) - 1; // index 0 corresponds to 1 psia 

hi index = lo index + 1; 

base_output value = (satbypress_ptr + loindex)->vg; 

delta_output value = (satbypress ptr + hiindex)->vg - base output_value; 

delta pressure = pressure_in - hi_index; 

output value = base output_value + (delta_pressure * delta output_value); 

if (pressure-in == 1500) output value = (satbypress_ptr + loindex)->vg; 

return (output-value); 

} end vgsat-byp 

S* ** ***** *******t* **** ** ** 

// cpfsatby_p function S*t* **************t******** ** 

double cpfsat_by_p(double pressurein) 

// function which returns fluid specific heat at saturation, 

// given an absolute pressure 

int loindex; 
int hiindex; 
double base outputvalue; 
double deltaoutput value; 
double delta-Pressure; 
double output-value; 

lo index = int(pressure-in) - 1; // index 0 corresponds to 1 psia 

hi index = lo index + 1; 

base_output value = (satbypressjptr + lo_index)->cpf; 

delta_outputvalue = (satbypress_ptr + hiindex)->cpf - base outputvalue; 

delta_pressure = pressure_in - hiindex; 

output-value = baseoutputvalue + (delta_pressure * delta output value); 

if (pressure_in == 1500) output value = (satbypress_ptr + lo-index)->cpf; 

return (output-value); 

) end cpfsat-by_! 

* ************************** 

// cpgsat byp function 
/ ************************** 

double cpgsatby_p(double pressure-in) 

// function which returns vapor specific heat at saturation, 

// given an absolute pressure 

int loindex; 
int hiindex; 
double base output-value; 
double deltaoutput-value; 
double deltapressure; 
double output-value; 

loindex = int(pressure_in) - 1; // index 0 corresponds to 1 psia 

hi index = loindex + 1; 

base_output value = (satbypress5ptr + lo_index)->cpg; 

deltaoutput value = (satbypressptr + hiindex)->cpg - base outputvalue; 

delta_pressure = pressure-in - hi index;
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output value = base_outputvalue + (delta_pressure - delta output-value); 

if (pressurein == 1500) output value = (satbypressptr + lo index)->cpg; 

return (output value); 

// end cpgsat-byp 

* ********* ******** ******* 

// psat function 
***/****t******************* 

double psat(double temperaturetin) 

// function which returns saturation pressure, given a temperature 

int lo index; 
int hi index; 
double base output-value; 
double delta output_value; 

double delta_temperature; 
double output value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = lo index + 1; 

base output value = (satbytempptr + loindex)->pressure; 

deltaoutput value = (satbytempptr + hiindex)->pressure - baseoutput-value; 

deltatemperature = temperature_in - lo_index - 32; 

output value = baseoutput value + (deltatemperature * delta outputvalue); 

if (temperature-in == 600) output-value = (satbytemp_ptr + lomindex)->pressure; 

return (output-value); 

} // end psat 

// hfsatby_t function 
/ ************************** 

double hfsatby_t(double temperature-in) 

// function which returns fluid enthalpy, given a temperature 

int lo index; 
int hi index; 
double base_outputvalue; 
double delta output value; 
double deltatemperature; 
double output-value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = lo-index + 1; 

base outputjvalue = (satbytemp_ptr + loindex)->hf; 

delta output value = (satbytemp_ptr + hi index)->hf - base outputvalue; 

deltatemperature = temperature-in - loindex - 32; 

output-value = base output value + (delta temperature * deltaoutputvalue); 

if (temperature-in == 600) output-value = (satbytempptr + lo-index)->hf; 

return (output-value); 

I // end hfsatby_t 

I *************************** 

// hgsat_by_t function 

double hgsat-byt(double temperature_in) 

// function which returns vapor enthalpy, given a temperature 

int loindex; 

int hi index;
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double baseoutput value; 

double delta output_value; 

double deltatemperature; 
double output-value; 

lo index = int(temperaturein) - 32; // index 0 corresponds to 32 degf 

hi index = lo index + 1; 

baseoutput value = (satbytemp_ptr + loindex)->hg; 

delta_outputvalue = (satbytemp_ptr + hiindex)->hg - base_outnut_value; 

deltatemperature = temperaturein - loindex - 32; 

output value = baseoutput value + (delta_temperature * del ta_c-n:put_value); 

if (temperaturein == 600) output value = (satbytemp_ptr + lo-index)->hg; 

return (output-value); 

// end hgsat-by_t 

/*/n*********************** 
// sfsat-byt function 

***,****** ******* ***.**** 

dsb'-le sfsat-by_t(double temperature_in) 

// function which returns fluid entropy, given a temperature 

int loindex; 
int hiindex; 
double baseoutput_value; 
double delta outputvalue; 
double delta-temperature; 
double output-value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = loindex + 1; 

base output value = (satbytemp_ptr + loindex)->sf; 

deltaoutput value = (satbytemp_ptr + hiindex)->sf - base_outrutvalue; 

deltatemperature = temperature_in - loindex - 32; 

output value = base_output value + (delta temperature * deltacutputvalue); 

if (temperaturein == 600) output value = (satbytempstr + lo-index)->sf; 

return (output-value); 

1/ end sfsatby_t 

*** ********************* ** 

/P sgsat by-t function 

dcuble sgsat-by-t(double temperaturein) 

// function which returns vapor entropy, given a temperature 

int lo index; 
int hi index; 
double base output-value; 
double deltaoutputvalue; 
double delta temperature; 
double output-value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = loindex + 1; 

baseoutput value = (satbytempptr + loindex)->sg; 

deltaoutput-value = (satbytempptr + hiindex)->sg - base outoutvalue; 

delta-temperature = temperaturein - loindex - 32; 

output value = base output value + (deltatemperature * deltaoutputvalue); 

if (temperaturejin == 600) output-value = (satbytemp_ptr + loindex)->sg; 

return (output-value);

) // end sgsatby_t
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// vfsat byt function 

double vfsat byt(double temperaturein) 

// function which returns fluid specific volume, 

// given a temperature 

int lo index; 
int hi index; 
double base outputvalue; 
double delta_outputvalue; 
double deltatemperature; 
double output-value; 

loindex = int(temperaturejin) - 32; // index 0 corresponds to 32 degf 

hi index = lo index + 1; 

baseoutput value - (satbytempptr + loindex)->vf; 

deltaoutput value = (satbyte7.n-ptr + hiindex)->vf - baseoutputvalue; 

deltatemperature = temperature_in - lo index - 32; 

output value = base outputvalue + (deltatemperature * delta_ output-value); 

if (temperature in == 600) output-value = (satbytempptr + lo-index)->vf; 

return (output value); 

} end vfsat-by_t 

I ********* ** ******** ****** 

// vgsat byt function /7t* ***** *** * *** ****** * *** *** 

double vgsat-byt(double temperaturejin) 

// function which returns vapor specific volume, 

// given a temperature 

int loindex; 
int hi index; 
double base output-value; 
double delta_output value; 
double deltatemperature; 
double output value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = loindex + 1; 

base_output value = (satbytempptr + lo index)->vg; 

deltaoutput value = (satbytemp_ptr + hiindex)->vg - base outputvalue; 

delta-temperature = temperature_in - loindex - 32; 

output value = base output value + (deltatemperature * delta outputvalue); 

if (temperature-in == 600) output value = (satbytemp_ptr + lo-index)->vg; 

return (output value); 

} end vgsat-by_t 

/****************** 
// cpfsat byt function 
/ ****************** 

double cpfsat-byt(double temperature-in) 

// function which returns fluid specific heat, 

// given a temperature 

int loindex; 
int hiindex; 
double baseoutput-value; 
double delta_output value; 

double deltatemperature;
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double output-value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hi index = lo index + 1; 
base outputvalue = (satbytempptr + lo index)->cpf; 

deltaoutput value = (satbytemp_ptr + hi index)->cpf - base_output value; 

deltatemperature = temperaturein - lo index - 32; 

output value = base output value + (delta-temperature * deltasoutput_value); 

if (temperaturein == 600) output value = (satbytempptr + lo-index)->cpf; 

return (output value); 

} end cpfsat_by_t 

************* * ******* ** **** 

// cpgsatby t function 
/ ************* ************* 

double cpgsat-byt(double temperature_in) 

// function which returns vapor specific heat, 

// given a temperature 

int loindex; 
int hi index; 
double baseoutput_value; 
double deltaoutputvalue; 
double deltatemperature; 
double output-value; 

lo index = int(temperature_in) - 32; // index 0 corresponds to 32 degf 

hiindex = lo index + 1; 
base_outputyvalue = (satbytemp_ptr + loindex)->cpg; 

deltaoutputyvalue = (satbytemp_ptr + hi index)->cpg - base outputvalue; 

deltatemperature = temperature_in - lo_index - 32; 

output value = base output value + (deltatemperature * delta outputvalue); 

if (temperaturein == 600) output-value = (satbytemp_ptr + lo-index)->cpg; 

return (output-value); 

} // end cpgsat_by_t 

/ ************ ** ********** 

// hpt function 
1* **************** 

double hpt(double pressure_in, double temperature-in) 

// function which returns subcooled/superheated enthalpy, 

// given pressure and temperature 

int lo index; 
int hiindex; 
double base outputvalue; 
double delta_outputvalue; 
double deltatemperature; 
double output-value; 

loindex = int(temperature-in) - 32; 

hi index = loindex + 1; 

if (pressure_in == 15) ( // index 0 corresponds to 32 degf 

base outputyvalue = (sublS_ptr + loindex)->h; 

delta output value = (subl5_ptr + hi_index)->h - baseoutputvalue; 

if (temperature in == 600) ( 

output-value = (subl5_ptr + loindex)->h; 

return (output-value); 

if (pressurein == 500) { // index 0 corresponds to 32 degf 

base output value = (subS05_ptr + loindex)->h;
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delta output value = (sub500_ptr + hiindex)->h 

if (temperature in == 600) ( 

output value = (subSOOptr + lo-index)->h; 

return (outputvalue);

base output value;

(pressure_in == 1000) { // index 0 corresponds to 32 degf 

base_output value = (subl000yptr + loindex)->h; 

deltaoutput value (sublo00_ptr + loindex)->h - baseoutput value; 

if (temperaturein == 600) { 

output value = (sublOOO_ptr + lo-index)->h; 

return (output value); 
)

delta_temperature = temperaturein - loindex - 32; 

output-value = baseoutput value + (delta-temperature * 

return (output-value); 

} // end hpt 

/ *** *** ******** ***** ***** *** 

// spt function 1***** ** ***** * **** **** ** **** 

double spt(double pressurein, double temperature-in) 
I

if

if

deltaoutputvalue);

// function which returns suncoolea/superneateu entropy, 
// given pressure and temperature

int 
int 
double 
double 
double 
double

loindex; 
hi index; 
base_outputvalue; 
delta outputvalue; 
deltatemperature; 
output-value;

loindex = int(temperature_in) - 32; 
hi index = lo index + 1; 

if (pressure-in == 15) ( // index 0 corresponds to 32 degf 

base output value = (sublS_ptr + loindex)->s; 

deltaoutputyvalue = (sublS_ptr + hiindex)->s - baseoutoutvalue; 

if (temperature i == 600) ( 

output value = (sublS_ptr + loindex)->s; 

return (output-value); 
I

(pressure_in == 500) { // index 0 corresponds to 32 degf 
base output value = (sub500_ptr + loindex)->s; 

delta output value = (sub5OO_ptr + hi_index)->s - base output-value; 

if (temperaturein == 600) { 
output value = (subSOOptr + loindex)->s; 

return (output-value); 

(pressurein == 1000) { // index 0 corresponds to 32 degf 

baseoutput value = (sublOOO_ptr + loindex)->s; 

deltaoutput value = (sublOOOsptr + loindex)->s - base outputvalue; 

if (temperature in == 600) ( 

output value = (subloo0_ptr + lo-index)->s; 
return (output-value);

delta temperature = temperature in - lo index - 32; 

output- value = base output value + (delta-temperature - deltaoutputvalue); 

return (output-value);

) // end spt

if
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// vpt function / ********* *t***n**t******** 

double vpt(double pressurein, double temperaturejin) 

// function which returns subcooled/superheated specific volume, 

// given pressure and temperature 

int loindex; 
int hi index; 
double base output-value; 
double delta output value; 

double delta-temperature; 
double outputvalue; 

lo index = int(temperaturein) - 32; 

hi index = lo index + 1; 

if (pressurelin == 15) { // index 0 corresponds to 32 degf 

baseoutputvalue = (subl5 ptr + loindex)->v; 

delta_output value = (sublS_ptr + hiindex)->v - base output value; 

if (temperaturein == 600) ( 

output value = (sublS_ptr + loindex)->v; 
return (output-value); 

if (pressure_in == 500) ( // index 0 corresponds to 32 degf 

baseoutput value = (subSo00ptr + loindex)->v; 

deltaoutput value = (sub500sptr + hiindex)->v - base outputvalue; 

if (temperaturein == 600) ( 

output value = (sub500_ptr + lo-index)->v; 
return (outputvalue); 

I 

if (pressure-in == 1000) { // index 0 corresponds to 32 degf 

base output value = (sublOOO_ptr + loindex)->v; 

deltaoutput value = (sublOOO_ptr + loindex)->v - baseoutputvalue; 

if (temperaturein == 600) ( 

output value = (sublOOO_ptr + lo-index)->v; 
return (output-value); 

} 

delta-temperature = temperaturein - loindex - 32; 

output value = baseoutputvalue + (deltatemperature * delta outputvalue); 

return (output-value); 

) // end vpt 

// cppt function 
/ **** * ********** 

double cppt (double pressure_in, double terrperaturejin) 

// function which returns subcooled/superheated specific heat, 

// given pressure and temperature 

int loindex; 
int hiindex; 
double base outputvalue; 
double deltaoutput value; 
double delta temperature; 
double output-value; 

lo index = int(temperature_in) - 32; 

hi index = loindex + 1; 

if (pressurein == 15) { // index 0 corresponds to 32 degf 

baseoutput'value = (sublS5_ptr + lo-index)->cp;
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deltaoutput value = (subl5_ptr + hi_index)->cp - baseoutput value; 

if (temperature in == 600) ( 

output value = (sublSptr + loindex)->cp; 
return (outputvalue); 

if (pressurein == 500) 4 // index 0 corres.pcnds to 32 degf 

base_output value (subSOO_ptr + lo_index)->cp; 

deltaoutput value = (sub500_ptr + hi_index)->cp - baseoutputvalue; 

if (temperaturejin == 600) { 

output-value = (subS00_ptr + lo_index)->cp; 
return (output-value); 

if (pressure-in == 1000) 4 // index 0 correspcnds to 32 degf 

base_output value = (sublOO0_ptr + lo_index)->cp; 

deltaoutput value = (sublOOO_ptr + loindex)->cp - base outputvalue; 

if (temperature_in == 600) ( 
output value = (sublOOptr + lo_index)->cp; 
return (output-value); 

deltatemperature = temperaturein - loindex - 32; 

output value = baseoutput value + (delta temperature - deltaoutput value); 

return (output-value);

) // end cppt
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// eop calc input.h: 
// This file contains the code to write the value of 

inputs used for the EOP calculations to an ASCII 

// file. Values are printed for plant-specific data 

// obtained from 'plant data' and for generic parameters 

// obtained from 'generic data.' 
/! 
// This code was written to confrom to the syntax 

// required by Microsoft Visual C++ 6.0, using old 

/1 versions of the standard libraries.  
// 
// Author: Dave Burch 

// Copyright: 1998 

/V Version: 1.0 

/ ****** *** ** * *********** 

/1 
// VARIABLE DECLARATION 
1/ 
/ *** ** * ******** *** ********* 

char final_01(30]; I/ name of file for output of final results 

/ *** ***** ****** ************* 

'I 
// FUNCTION PROTOTYPE 
// 
/*,***************** ****** *** 

// prototype of function to write 

/1 calculation inputs to an ASCII file 

void writeinputjvalues(char final_01[30]); 

/***~*************** ********* 

// writeinputjvalues function 
/ ** ** * ******************* 

void write_inputvalues(char final_01[30]) 

int indexl, index2; 

cout << "\nwriting input values to final results file\n\n" << flush; 

// begin by writing plant-specific parameters to file 

// open file stream to write input values to the file containing 

// final results of the calculations. while the file stream will 

// be attached to the same physical file (determined by the file 

// name passed in through final 01), a new identifier for the 

// stream is used to preclude a compiler error due to 

// redefinition of a variable 

ofstream finalout_01(final_01, ios::app); 

// write input values to file, generally this is done by directing 

/f a string giving the name of variable followed by the value of the 

// variable followed a newline escape sequence to the output file 

// stream. arrays require more complicated coding, which will be 

// called out as it is encountered.  

final out 01 << "Plant-specific input values:\n\n"; 

finalout_01 << "nbrfuel types = << nbr_fuel types << c \nc ; 

final out 01 << "nbr_pc members = << nbrpc_members << c inc ; 

final out 01 << "reactor product line: n << BWRtype << c \nc ; 

final out_01 << "containment type: I << BWR_PSC type << I\n'; 

finalout_01 << "c clad = " << cclad << " Btu/Ibm-OF\n";
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finalout_01 << "c fuel = << c fuel << c Btu/lbm-*F\n"; 

final out 01 << "dpdw-ww = << dpdwww << c psid\n'; 

final out_01 << "dpsrv = << dpsrv << - psid\n"; 

finalout_01 << "number of drywell spray nozzles, header A: 

<< sprayhdr[0].numnzls << c \nc ; 

finalout_01 << "flow required for developed spray, header A: 

<< spray hdr[0] .wnzl << " gpm\n"; 

final out_01 << "number of drywell spray nozzles, header B: 

<< sprayhdr[l].numnzls << c\nc; 

finalout_01 << "flow required for developed spray, header B: " 

<< sprayhdr[l].wnzl << " gpm\n"; 

// write header, set formatting and print values of 

/f fafll5 and fafl_18 arrays 

finalout_01 << c\nc; 

finalout_01 << "fuel type fafl_15 fafl_18\n"; 

final out 01 << " [It [%]\n"; 

final_out_01 << setiosflags(ios: :left); 

for (indexi = 0; indexl < nbr_fuel_types; ++indexl) 

final out_01 << " I << setw(ll) << indexl + 1 

<< setw(12) << fafl_15[indexl] << fafl_18[indexi] << '\n'; 

finalout_01 << c\nc; 

// return formatting to normal (remember setw() 

// only works on next item printed) 

final out_01 << resetiosflags(ios::left);

final out 01 
final out_01 
final out_01 
final out 01 
finalout_01 
final out_01 
final_out_01

cc 
cc 

cc 

cc 

cc 

cc 

cc

",fblOslc = I << fblOslc << '\n'; 
"hdco = 6 << hdco << " ft\n"; 
-hring = << hring << " ft\nl; 

"hsc tap = << hsc_tap << " ft\n"; 

"hsp ref = << hspref << " ft\nl; 

"hsrv = " << hsrv << " ft\n"; 

"hventspc = I << hventpc << " ft\n";

// write header, set formatting and print values of lfuel array 

final out_01 << c\n'; 

finalout_01 << "fuel type fuel length\n"; 

final out_01 << [in.]\n"; 
final out_01 << setiosflags(ios::left) ; 

for (indexl = 0; indexi < nbrfuel_types; ++indexl) 

fihal out 01 << c I << setw(14) << indexi + 1 

<< Ifuel[indexl] cc I\n'; 

final out_01 << c\nc; 

/f return formatting to normal (remember setw() 

// only works on next item printed) 

final out_01 << resetiosflags(ios: :left)

finalout_01 
final out 01 
final out 01 
finalout_01 
finalout 01 
finalout_01 
finalout_01 
finalout_01 
final out_01

cc 
cc 

cc 

cc 
cc 

cc 

cc 
cc 

cc

"mclad = " << mclad << " lbm\n"; 
*mfrpvcld = << mfrpv-cld << lbm\n"; 

"mfrpvhot = << mfrpv_hot << ibm\n'; 

"mfuel = " << mfuel << I lbm\n"; 
"*mg rpv hot = " << mgrpvhot << lbm\n*; 
"mrpv = " << mrpv << * lbm\n'; 
"•mrpvtaf = I << mrpv_taf << " ibm\nl; 

-nbuns = c << nbuns << '\n'; 
"nsrvads = I << nsrv ads << t\nP;

// write header, set formatting and print values of pc-data array
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finalout_01 << \n'; 

final out_01 << "structure elevation material type"; 

finalout_01 -c " strength basis pressure ternperature\n"; 

final out 01 << f [ft] 

final out_01 << " (psig] [OFI\n"; 

final out 01 << setiosflags(iOs::left); 

for (indexi = 0; indexl < nbrpc members; ++indexl) 

if (pcdata[indexl] .location == 1) final out01 << 

<< setw(16) << "drywell"; 

else final out_01 << " . << setw(15) << "torus"; 

final out 01 << setw(17) << pc data[indexl].h_n; 

final-out-01 << setw(15) << pcdata[indexi).material; 

if (pc-data[indexl] .strength == 1) final-out_01 << " yield "; 

else final_out_01 << "tensile"; 

final out 01 << c "; 

final out 01 << setw(16) << pcdata[indexl].pcalc_n; 

final out 01 << pc data(indexil .tcalcn; 

final_out_01 << c\nc; 

finalout_01 << c\nc; 

// return formatting to normal (remember setw() 

// only works on next item printed) 

final out_01 << resetiosflags(ios::left)

finalout_01 
final out_01 
final out_01 
final-out_01 
final out 01 
finalout 01 
finalout 01 

finalout 01 
final out 01 
final out 01 
final out 01 
final out 01 
final out_01 
final out_01 
final out_01 
finalout_01 
finalout_01 
finalout_01 
final out 01 
final out 01 
final out 01 
final out 01 
final out 01 
final out_01 
finalout_01 
final out 01 
final out_01

cc 
cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc

"-pdw raxop = " << pdwmaxop cc " psig\n"; 
".pdwrminop = " << pdwminop << " psig\n'; 

"pdw-scram = " << pdwscram << " psig\nt; 

".ppc-maxind = " << ppc-maxind << " psig\n"; 

"-ppc vent = " << ppc vent << " psig\n"; 

"pq code = " << pq_code << " kpsi\n"; 

".pq_des = " << pq_des << " kpsi\n"; 
"pqscode = " << pqs code << * kpsi\n"; 

"pqs-des = " << pqs-des << " kpsi\n"; 

"-prpvmaxind = " << prpvmaxind << " psig\n"; 

".prpv tp = " << prpvtp << " psig\n"; 

"psc-maxop = " << psc_maxop << " psig\n*; 

"psc-minop = " << pscminop << " psig\nt; 

"-pspfdes = " << pspdes << " psig\n"; 

"-pspsrv = " << pspsrv << " psig\n"; 

"psrvlift = " << psrvlift << " psig\n'; 

"psrv name = " << psrv name << " psig\n'; 

"psupsrv = " << psup_srv << " psig\n"; 

"ptp code = " << ptp_code << " kpsi\n'; 

"ptp_des = " << ptpdes << " kpsi\n"; 

"ptps_code = " << ptps code << " kpsi\n"; 

"ptps des = " << ptpsdes << " kpsi\n"; 

"qrx rated = " << qrx_rated << " MWt\n"; 

* "slc tkdia = " << slc-tk dia << * ft\n"; 

"* "sictk lvlin span = " << slc_tk_lvl_in span << " in.\n*; 

"*"slc tk lvl outspan = " << slc-tkIvlout span << I %\n"; 

"* "sry type: " << srvtype << '\n';

// write header, set formatting and print values of t to 1500 array 

final out_01 << cin'; 

for (indexi = 0; indexi < nbrfuel_types; ++indexl) 

final out_01 <c "fuel type: " << indexl + 1 << cin'; 

final out 01 << " t_sd t_cu_15\n"; 

final out_01 << " [min.] [min.I\n"; 

for (index2 = 0; index2 < 9; ++index2) ( 

final out_01 << setw(6) << t_to_1500[indexil]t_sd[index2]; 

finalout_01 << setw(12) << t toiS00[indexl].t cu 15[index2] << cinc; 

finalout_01 << cinc;
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final out 01 
final out 01 
final out_01 
final out_01 
final out 01 

final-out_01 
final out_01 
final out 01 

final-out_01 
final out_01 
final out 01 
final out-01 
final-out-01 
final-out-01

<< "tcst= c << tcst << cc F\n"; 

<< "tdwmaxop = " << tdwmaxop -c "F\n"; 

c< "tdw maxind = << tdwmaxind << "cF\nc ; 

<< "tdw minop = << tdwminop << "cF\n'; 

<< "tscmax = " << tsc_wax << "cF\n"; 

<< "tscmaxop = " << tscmaxop << "cF\n"; 

<< "tslc = * << tslc << cc F\n"; 

<< "tspflood = " << tsp_flood << "cF\n"; 

<< "tspminop = c << tspminop << "cF\c"; 

<< "tsp-scram = " << tspscram << "cFcn"; 

<< "vdw = " << vdw << " ft3\n"; 

<< "vrpv-taf = " << vrpvtaf << " ft3\n"; 

<< "vsc dco = " << vsc dco << " ft3\n'; 

<< "vsc ico = " cc VcC_ICo <c " ft3\nl;

// write header, set formatting and print values of wg1500 a~ray 

finalout_01 c '\n'; 

finalout_01 << "fuel type wglSZ00\n"; 

final out 01 << " (lbm/hr]\n"; 

final-out-01 << setiosflags(ios::left); 

for (indexl = 0; indexl < nbrfuel_types; ++indexl) .  

final out_01 << " " << setw(ll) << indexi + I 

<c wgSO00[indexl] << c\nc; 

finalout_01 << c\n'; 

// write header, set formatting and print val, es of vtorus array 

final out 01 << "wlsp vsp vscair\n"; 

final out_01 << "[ft] [ft3] (ft3]\nl; 

for (indexi = 0; indexi < 11; ++indexl) ( 

finalout_01 << setw(14) << vtoras[indexl].wlsp << setw(14) 

<< vtorus(indexl] .vsp 

<< vtorus(indexl].vscair << '\n'; 

final out_01 << c\nc; 

// write header, set formatting and print values of srvdl array

final out_01 << "spwl 
final out 01 << "[ft] 

for (indexi = 0; indexi < 5; 

final_out_01 cc setw(l4) 
<< srvdl[indexil] -wll 

I final-out-01 << I\n';

wll\n"; 
[ft)\n"; 

++indexl) ( 
<< srvdl[indexl].spwl cc setw(14) 

<< I\n';

// return formatting to normal (remember setwo) 

// only works on next item printed) 

finalout_01 << resetiosflags(ios::left); 

// write header, set formatting and print values of lpci flow array 

final out_0. << "LPCI flow vs. RPV pressure:\n"; 

final out 01 << "flow rpvspress\n"; 

final out 01 << "[gpm] [psig]\n"; 

for (indexl = 0; indexl < 10; ++indexl) 

final out_01 << setw(4) << lpciflowtindexll.flow << setw(16) 

<< ipci flow[indexl].rpvpress << c\nc; 

finalout_01 << c\nc; 

// write header, set formatting and print values of csflow array 

finalout_01 << "CS flow vs. RPV pressure:\n"; 

finalout_01 << "flow rpvpress\n";
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final out 01 << "[gpm] [psig]\n*; 

for (indexi = o; indexl < 10; ++indexl) 

final out 01 << setw(4) << cs flow(indexl .flow -c setw(16) 

<< cs-flowtindexi].rpv_press << c\nc; 

final out_01 c \

final out01 
final out 01 
final-out_01 
finalout 01 

finalout 01 

final out 01 
final out 01 
final-out-01 
final out_01 
finalout_01 
final out_01

cc 
cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc

",.wlrpv baf = c << wirpvbaf << " in.\V'; 

".wlsp.maxlco = " << wlspm•axlco << "c f\n"; 

.wlsp-minlco = " <c wispminlco << " fý\n"; 

"wlspsrv = << wispsrv << " ft\n"; 

"-wlsptp = < <c wlsptp << " ft\n"; 

"wslc = " << wslc << " gpm\n"; 

"wsrv sname << " iwry nane << - lbm/--\n"; 

".xb cldnat = "< xb cldnat c< " pp.n"; 

".xb_hotnat = " << xbhotnat <c ppmcn"; 

"-xb_slc << xb-slc<< " ppm\n"; 

I\n*;

// continue by writing generic parameters to file 

finalout_01 -c "Generic input values:n\n"; 

final out_01 << "c steel = - << csteel << " Btu/lbm-ýF\n"; 

final-out-01 << -dptp_dprpv < < cc dptpdprpv << " %/psig\n"; 

final out 01 << "dptpdwll < c< dptp_dwll << " %/ftnn"; 

final-outOl << "fblOnat = " << fblO_nat << c \nc ; 

final out_01 << "fbll_nat = " << fbll_nat << c \nc ; 

final out 01 << "fqdh 0 = << fqdh 10 << c \nc ; 

final out 01 << .fqdh 100 = ' << fqdh100 << 

final out_01 << "fqdh_2 = * << fqdh_2 << c \nc ; 

final out_01 << "kl = " << ki <c " Btu/hr-MWt\n"; 

finalout 01 << "k2 = " << k2 <c " Btu/min.-MWt\n"; 

final out_01 << "k3 = " << k3 << gal/ft3\n"; 

final out 01 << "mblO = " << mblO << c \nc ; 

final-out01 << "mbll = " << mbll <c c\n'; 

final out_01 << '\n'; 

// write header, set formatting and print values of pcnmat array 

for (indexl = 0; indexl < 5; ++indexl) { 

finaloutOl << "material type: " << indexl + 1 << '\nc ; 

final out 01 << "temp fyield ftens\n"; 

final out_01 << "V[F]k\n-; 

for (index2 = 0; index2 < 4; ++index2) { 
final out_01 < setw(3) << pcmat[indexl].te-m [index2] 

<< setw(18) << pc mat[indexl] .fyieldl[index2] 

<< setw(15) << pc mat[indexl] .ftenstindex2] << c\nc; 

final out_01 << c\nc; 

// write header, set formatting and print values of sdpwr array 

finaloutO1 <. " time power\n"; 

final out 01 << "[min.) [%]\n"; 

for (indexl = 0; indexl < 25; ++indexl) 

final out_01 c< setw(5) << sd_pwr[indexl] .time; 

final-out01 << setw(10) << sd pwr[indexl] .power << '\n; 

final outOl << c\n';

final out 01 << 
final out 01 << 
final out 01 <<

"asrvopen = " << srvopen << " psid\n'; 

"-tlim_dw = << tlimdw << "'F\n"; 

".tlimsp = " << tlimsp << "F\n" <<c \nc ;

// close the output file to assure the file buffer is flushed
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final-out-Ol.closeo; 

// end writeinputvalueso
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shared data.h: 

This file contains declarations for those variables used to ass data 

between code modules used in the EOP support calculations.

!// This code was written to conform to the syntax required by My:rosoft 

// Visual C++.  
// 
// Author: Dave Burch 

// Copyright: 1998 

// Version: 1.0

I �
II 
// VARIABLE DECLARATIONS 

/1

double pcpl_to_calcs[11); 
double mpspcwl;

double 
double 
int

mnsred; 
mrfp; 
wrt intr;

// // 
// 
// 
II 
'I 
//

PCPL-A values required for calculati;Z of the HCTL and PSP 

Maximum Pressure Suppression Primary :ontainment 

Water Level Limit [ft) 

Minimum Number of SRVs Required for :-ergency Depressurizat-4n 

Minimum RPV Flooding Pressure [psig) 

flag indicating whether or not inter.ediate 

results are to be written to file

II 
II 
II
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// shared functions.h: 
// This file contains declarations for those functions used by 

// multiple modules of code used in the EOP support calculations.  

// This code was written to conform to the syntax req'aired by Microsoft 

// Visual C++.  
// 
// Author: Dave Burch 

// Copyright: 1998 

/V Version: 1.0 

lt****** * * * ******** 

// 
// FUNCTION PROTOTYPES 
// 
/ ************************** 

// function to perform interpolation on floats 

double interpolate(double lo index, double hiindex, double mid index, 

double lovalue, double hivalue); 

// function to determine minimum of two floating point values 

double min floats(double valueone, double value-two); 

// function to determine the maximum of two integers 

int maxint(int value-one, int valuetwo); 

// function to determine the maximum of two floats 

double maxfloats(double value one, double valuetwo); 

/* ****************t******** 

// interpolate function 
/ ****************t********* 

double interpolate(double lo_index, double hi index, double midindex, 

double lo value, double hivalue) 

double midfraction; // value to interpolate on as a fraction of input range 

double value difference; // output range 

double output-value; 

mid fraction = (mid-index - lo_index) / (hiindex - loindex); 

value-difference = hi value - lovalue; 

output value = lo value + (mid-fraction * value-difference); 

return (output-value); 

3 // end-interpolate 

/*************************** 
// min floats function 
/ ******************* 

double minfloats (double valueone, double value-two) 
{ 

if (value one < valuetwo) return(valueone); 

else return(valuetwo); 

/******************** 
• max int function * 

int max int(int value-one, int value-two) 
{
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if (valueone > valuetwo) return(value_one); 

else return(valuetwo); 

I // end max-int 

/ *** * ***** ** * **** ******** 

// maxfloats function / ************************** 

double max floats(double valueone, double valuetwo) 

if (value-one > valuetwo) return(value one); 

else return(valuetwo); 

I // end maxfloats
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// mpspcwl.h: 
// this file contains the instructions required to compute the MPSPCWL, the 

// Maximum Pressure Suppression Primary Containment 

// Water Level.  

// The methods used are established in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs) Appendix C, 

// Rev. 1, dated July, 1997.  
// 
// Author: Dave Burch 

// Copyright: 1998 

// Version: 1.0 

/
// VARIABLE DECLARATION 
// 
/ /************************** 

char final_02[30); // name of file for output 

/****** ******************* 

I/ 
// FUNCTION PROTOTYPE 
// 

**** ***** ****************** 

// function to calculate Maximum Pressure Suppression 

/f Primary Containment Water Level Limit 

void calcmpspcwl(char final_02[30]); 

/ *** ***** ************** 

// calc-mpspcwl function 
/*************************** 

void calcmpspcwl(char final_02130]) 

// while the file stream will be attached to the same physical 

// file (determined by the file name passed in through final_02), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream final out_02(final_02, ios::app); 

// determine upper limit on pool water level 

// for Mark I containments, the Maximum Pressure Suppression Primary 

// Containment Water Level is the elevation of the main vent header, 

// referenced to the torus level instrument zero 

cout << "calculating mpspcwl\n\n" << flush; 

mpspcwl = bring - hsp_ref; 

// write result to file 

finalout_02 << "Maximum Pressure Suppression Primary Containment Water Level:\n\n"; 

finalout_02 << "mpspcwl = " << mpspcwl << " ft\n" << '\n'; 

// close output file, to assure file buffer is flushed 

final out_02.closeo);

} // end calcmpspcwl
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// pcpl.h: 
// this file contains the instructions required to compute the following: 

S - Primary Containment Pressure Limit - A 

// Primary Containment Pressure Limit - C 
// 

// The methods used are established in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs) Appendix C, 

// Rev. 1, dated July, 1997.  

// This code was written to conform to the syntax required by Microsoft

// Visua 
// 
// Author: 
// Copyright: 
// Version:

1 C++.

Dave Burch 
1998 
1.0

/ *** ******** ****** ***** ** * 
// 
// VARIABLE DECLARATIONS 

// 
/ ***************************

double 
double 
double

dppcdwlpc; 
hf_tap; 
ppc_calc[10] [120];

double ppc_lim[10] [120] 

double ppc_srv[120]; 
double pcpla(120] ; 

double pcpl_c[120];

double 
double 
double 
double 

double 
double 
int 
char 
char

pcpl_aeop[120]; 
pcpl_c eop[120] 
tpc; 
vfflood; 

wlpc; 
fyieldjlim[10]; 
componentlno; 
interim_03 [30]; 
final_03(30] ;

II I/ 
II 
I
II 
II 
I
I
II 
/I
II 
I/ 
I/ 
/I 
I
I' 
II 
II 
II 
II 
II

change in containment pressure with water level [psig/ft] 

height of water column above torus pressure instrument [psig] 

array to store limiting airspace pressures to preclude failure 

of components at calculated temperatures (psig] 

array to store limiting airspace pressures to preclude failure 

of components at limiting temperatures [psig] 

maximum containment pressure for SRV operation (psig] 

maximum containment pressure at which SRVs, containment 

vent valves and structure will remain functional [psig] 

maximum containment pressure at which containment 

vent valves and structure will remain functional (psig] 

pcpl a for eop use 

pcplc for eop use 

primary containment temperature [OF] 

specific volume of subcooled water in tor-us at 

Tspflood and 15 psia 

primary containment water level [ft] 

fractional strength of material at limiting temperature 

index into arrays of component information 

file name for intermediate result storage 

file name for final result storage

// FUNCTION PROTOTYPES 
I, 
/ ************************** 

// function to sequence other modules used in PCPL calculation 

void sequence pcpl(char interim_03[30], char final_03[30]); 

// function to calculate material strengths (at 'calculation' and 

// limiting temperatures) for primary containment components 

void getcomponentstrength(void); 

// function to calculate rate of change of pressure with primary containment 

// water level of submerged portions of the containment 

void calc dppcdwlpc (void);' 

// function to calculate airspace pressure 

// at which SRVs can be opened

void pressure_for srvs(void);
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// function to calculate airspace pressure for which load carrying 

// capability of a given component is not compromised 

void pressureforcomponent(int component_no); 

// function to determine pcpla and pcpl_c 

void calculatespcpl(void); 

// function to generate input for HCTL and PSP calculation 

void pcpl_for_calcs(void); 

// function to write results to a file 

void dospcpl-output(char interim_03[30], char final_03[30H); 

lt*** t******* **** ** ******** * 

// sequence pcpl function 
/ *** * *** ****** ******* **** 

void sequenceypcpl(char interim_03(30), char final_03130]) 

int indexi; 

// determine strength of materials analyzed for limiting pressure 

getcomponentstrength U; 

// get affect of hydrostatic head on pressure 

calcdppcdwlpc(); 

// determine pressure limit for SRV operability 

pressure forsrvsU; 

// determine pressure limit for containment structural members 

for (indexl = 0; indexi < nbr pc members; ++indexl) 

pressure_for_component(indexl); 

// calculate pcpla and pcplc 

calculate_pcpl(); 

// assign pcpl a values required by other modules to pcpl_to_calcs 

pcplforcalcsfl; 

do_pcploutput(interim_03, final_03); 

4 // end sequencejpcpl 

/ *************************** 

// getcomponent_strength function 
/ *************************** 

void get component_strength(void) 

double lotemp; 
double hitemp; 
double tcalc; 
double tlim; // drywell limit is 545, torus 350 

double lostrength; 
double hi-strength;
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double fyatcalc; 
double fyatlim; 
int index., index2, index3, index4; 

cout << "determining component material properties" << 'I\n' << fluzsh; 

// iterate on defined primary containment components 

for (indexi = 0; indexl < nbrpcmemnbers; ++indexl) 

// get temperature used for calculation 

t-calc = pc-data[indexl].tcalc_n; 

// get temperature limit to use 

if (pcdata[indexl] .location == 1) t lim = tlimndw; 

else t lim = tlim-sp; 

// get material strength to use 

index2 = int(pc_data[indexl].strength); 

// get material to use 

index3 = int(pc-datafindexl] .material); 

index4 = 0; 
while (pc-mat[index3] .temp[index4] < t lim) ++index4; 

hitemp = pc-mat(index3].temptindex4]; 
-- index4; 
lo_temp = pc mat [index3] . temp [index4]; 

if (index2 == 1) { 
lostrength = pc mat(index3].fyield[indeX4]; 
++index4; 
hi strength = pc mat[index3l.fyield[index4]; 

else 
lostrength = pc mat [index3] .ftens[index4J; 

++index4; 
histrength = pc mat [index3J .ftens[index4]; 

fyat_calc = interpolate(lo_temp, hi temp, t_calc, 

lo strength, hi_strength); 

fyat_lim = interpolate(lo temp, hitemp, t_lim, 

lo_strength, histrength); 

fyield_lim[indexll = fy_at_lim / fyatcalc; 

I // end get-component_strength 

// calcdppcdwlpc function 
/ ************* ********* 

void calc dppc-dwlpc(void) { 
// Contrary to Appendix C procedure, vfflood will be obtained 

// from subcooled water properties at Tspflood and nominal 

// atmospheric pressure (15 psia), since it is unlikely that cold, 

// saturated water will be pumped into the containment.  

vf flood = vpt(15, tsp_flood); 

dppc-dwlpc = 1 / (144 * vfflood); 

} end calc_dppcdwlpc
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/ *t*************** 

// pressure§for srvs function 
* /*******tt***k******* 

void pressureforsrvs(void) 

int indexl = 0; 

cout <c "determining limit for srvs" << I\n' << flush; 

wlpc = :; 

// when containment water level is below the elevation of 

// the s-rv solenoid, it is not necessary to compensate for 

// the hydrostatic head of water above the solenoid 

while wlpc <= hsrv) { 

pp:_srv[indexl] = psup_srv - dpsrv; 
+--.cpc; 

+- :dexl; 

// when containment water level is above the elevation of 

// the srv solenoid, hydrostatic head of water above the solenoid 

// is a:counted for (ppcsrv decreases linearly) 

while wlpc <= hvent_pc) j 

pp::_srvtindexl] = (dppcdwlpc * (hsrv - wlpc)) + psupsrv - dpsrv; 

+-wlpc; 

+-..ndexl; 

// by definition, ppc_srv is zero when containment water 

// level is above the elevation of the containment vent 

while 'indexl < 120) ( 

prkcsrv[indexl] = 0; 

+-indexl; 

} end ;ressure_for_srvs 

//**** .***** **** ******* 

// presswre_for_component function 

void pressure_forcomponent(int component_no) 

int indexl = 0; 

double hn; 

cout << "determining limits for structure" << I\n' << flush; 

hn = pc datatcomponentfno].h_n; 
wlpc = 0; 

// when containment water level is below the elevation of 

// the component, it is not necessary to compensate for 

// the hydrostatic head of water above the component 

while (wlpc <= hn) ( 

ppccalc[component no] [indexl] = pc_data [component-no] .pcalcjn; 

ppclim[componentYno] [indexi] = 

pcdata [componentno] .pcalcn*fyieldlimtcomponentno); 

*+wlpc; 
.+indexl; I
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// when containment water level is above the elevation of 

// the component, hydrostatic head of water above the component 

// is accounted for (ppccalc and ppc_lim decrease linearly) 

while (wlpc < hvent pc) 
ppccalc[component no] [indexl] = (dppcdwlpc * (h_n - wlpc)) 

+ pcdata[component nol .pcalc_n; 

ppc_lim[component-no] [indexl] = (dppc-dwlpc * (h_n - wlpc)) 

+ pcdata [componentno].pcalc_n*fyield_limfcomponent_no]; 

++wlpc; 
++indexl; 

// by definition, ppc calc and ppc lim are zero when containment 

// water level is above the elevation of the containment vent 

while (indexi <= 120) ( 

ppc_calc[component_no][indexl] = 0; 

ppc_lim[component_no][indexl] = 0; 

++indexl; 

// end pressure_for_component 

**** *********************** 

// calculate_pcpl function 
* ************************** 

void calculate_pcpl(void) 

int indexl, index2; 

double p component[120]; 

cout << "\ncalculating pcpla and pcpl-c\n\n" << flush; 

// set initial limit on component pressure arbitrarily high 

for (indexl = 0; indexl < 120; ++indexl) 

p_component[indexl] = 1500; 

for (indexl = 0; indexl c 120; ++indexl) 

// determine limiting pressure for components 

for (index2 = 0; index2 < nbrpc members; ++index2) 

p-component [indexi] = mrin floats (p component [indexl] , ppc_calc (index2) [indexi)); 

p_component [indexl] = minmfloats (pcomponent [indexi], ppc_lim[index2] (indexul); 

// calculate PCPL-C (so far uncorrected for hydrostatic head of water 

// above instrument tap, which adds consideration of vent valve 

// operability to component strength 

for (indexl = 0; indexi < 120; ++indexl) 

pcpl_c[indexl] = minmfloats(ppc vent, pcomponent[indexl]); 

// calculate PCPL-A (so far uncorrected for hydrostatic head of water 

// above instrument tap, which adds consideration of srv operability 

// along with other considerations used to determine pcpl-c 

for (indexi = 0; indexi < 120; ++indexl) { 

pcpl_a[indexl] = minjfloats(ppc srv[indexl], pcpl_c[indexl]); 

I
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// correct pressure limits for effect of hydrostatic head on indication 

// when containment level is above the elevation of the instrument tap 

// find first index requiring correction 

wlpc = 0; 
indexi = 0; 
while (wlpc < hsctap) 

++wlpc; 
++indexl;

apply correction, remembering that pcpla and pcplc are 

by definition equal to zero for water level above the 

elevation of the containment vent

while (wlpc < hvent_pc) j 

pcpla[indexi] pcpl_a[indexll + (dppcdwlpc * 

pcplc[indexl] = pcplc[indexl] + (dppcdwlpc * 

++wlpc; 
++indexl; 

I

(wlpc - hsctap)); 
(wlpc - hsc_tap));

// truncate curves at maximum pressure indicated in control room, ppc-maxind

for (indexi = 0; indexl < 120; ++indexl) ( 

pcpl_a_eop[indexl] = min _floats(pcplua[indexl], 
pcpl_c_eop [indexl] = min_floats (pcpl c [indexl],

ppc maxind); 
ppc-maxind);

) II end calculatescpl 

/ *************************** 

// pcpl forcalcs function 
/*********************** 

void pcpl_for_calcs(void) 
{ 

double lolevel; 
double hilevel; 
double lospressure; 
double hi_pressure; 
double level to find; 

// this function will write the value of PCPL-A at 9.58, 10, 11, 12 

// 13, 13.88, 14, 15, 16, 17, 17.88 ft to pcpltocalcs for use in the 

// calculation of the HCTL and PSP 

// since the index of pcpla is equivalent to containment water level, 

// interpolate between elements 9 and 10 to get PCPL-A at 9.58 ft 

lo level = 9; 
hi level = 10; 
level to find = 9.58; 
lospressure = pcpla[9]; 
hispressure = pcpl_a[10]; 

pcpl to calcs(0] = interpolate(lolevel, hilevel, level to find, 

lo.pressure, hi_pressure); 

// values for 10, 11, 12 and 13 ft are read in directly

pcpltocalcs [1] 
pcpltocalcs [21 
pcplto calcs [3] 
pcpl to.calcs [4]

= pcpl a[10] ; 
= pcpl a[ll]; 
= pcpl-a[12]; 
= pcpl_a[13];

// interpolate between elements 13 and 14 to get PCPL-A at 13.88 ft

II 
I
"II
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lo level = 13; 
hi level = 14; 

leveltofind = 13.88; 
lo pressure = pcpl_a[13]; 
hi pressure = pcpla[14J; 
pcpl-to-calcs[5] = interpolate(lo level, 

lo pressure, hi_pressure);

hi level, level to find,

// values for 14, 15, 16 and 17 are read in directly 

pcpl to calcs[6) = pcpla[14]; 

pcpl to calcs[7] = pcpl_a[15] ; 

pcpl to calcs[8] = pcpl_afIS]; 
pcpl to calcs[9] = pcpl_a"17]; 

// interpolate between elements 17 and 18 to get PCPL-A at 17.88 ft 

lo level = 17; 

hi level = 18; 
level to find = 17.88; 
lo_pressure = pcpla(17]; 
hispressure = pcpla[18); 

pcpl-to-calcs(10] = inter-polate(lolevel, hilevel, level to find, 

lo_pressure, hi_pressure); 

) end pcpl_tocalcs 

/ ***** ******t* ******* ****** 

// dopcpl output function 
I ** ** ****************** 

void do_pcpl-output(char interim_03[30], char final_03(30]) 

int indexl, index2; 

// write intermediate results to file 

// while the file stream will be attached to the same physical 

// file (determined by the file name passed in through interim_03), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream interout 03(interim_03, ios::app);

inter out_03 
inter out 03 
inter out 03 
inter out_03 
inter out_03 
inter out 03 
inter out_03 
interout_03 
inter out 03 
inter out_03

cc 
cc 

cc 

cc 
cc 

cc 

cc 

cc 

cc 

cc

"PCPL calculation, intermediate results:" << '\n' << '\n'; 

"-vfflood = " <c vf flood << " ft3/lbm\n"; 

"dppc_dwlpc = cI dppc-dwlpc c< I psig/ft\n" << -\nc 

"pressure limit for srv operation and to assure\n"; 

"-structural integrity at temperatures for which\n"; 

"input pressure capabilities were calculated:\n\n"; 

"wlpc ppcsrv ppcl ppc_2 ppc_3 ppc_4"; 

"ppc5 ppc6 ppcl7 ppc_8 ppc_9 ppc_!O\nl; 

"[ft3 [psig] [psig] [psig] (psig] [psig]"; 
" [psig) (psig] [psig] [psig] [psig] [psig]\n";

// set type and precision of numeric output 

interout_03 << setiosflags(ios::fixed) << setprecision(l); 

// write results 

for (indexi = 0; indexi < 120; ++indexl) 

inter out_03 << setiosflags(ios::left) << setw(6) << indexi 

<< resetiosflags(ios::left) << setw(5) << ppcsrv[indexl] << 

for (index2 = 0; index2 < nbr_pc members; ++ index2) { 

interout_03 << setw(8) << ppccalc[index2] [indexi]; 

interout_03 << '\n'; }
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inter out_03 << '\n'; 
inter out 03 << "pressure limit to assure structural integrity\n"; 

inter out_03 << "at limiting temperature for structure:\n\n"; 

inter out_03 << "wlpc ppcl ppc_2 mpc_3 ppc_4"; 

interout 03 << " ppc_5 ppc_6 ppc_7 ppc_8 ppc_9 ppc_10\n"; 

interout_03 << "[ft] (psig] [psig] [psig] [psig] [psig]"; 

interout-03 << " (psig] [psig] [psig) (psig] [psig) [psig]\n"; 

for (indexl = 0; indexl < 120; ++indexl) ( 

interout_03 << setiosflags(ios::left) << setw(4) << indexl 

<< resetiosflags(ios::left); 
for (index2 = 0; index2 < nbrPc-.members; ++ index2) { 

interout_03 << setw(8) << ppclim(index2] [indexl]; 

inter out_03 << I\nt; 

interout_03 << c \nc ; 

// reset type and precision of output 

resetiosflags(ios::fixed); 

// close output file to assure file buffer is flushed 

interout_03.closef); 

// write final results to file 

// while the file stream will be attached to the same physical 

// file (determined by the file name passed in through final_03), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream finalout_03(final_03, ios::app); 

// write output 

finalout_03 << "Primary Containment Pressure Limits:\n\n"; 

finalout_03 << "wlpc pcpla pcplc pcpl_a_eop pcpl_c-eop\n"; 

finalout_03 << "[ft] [psig] [psig] (psig] [psig]\n"; 

// set type and precision of output 

final-out_03 << setiosflags(ios::fixed) << setprecision(l); 

for (indexi = 0; indexl < 120; ++indexl) ( 

finalout_03 << setiosflags(ios::left) << setw(4) << indexl 

<< resetiosflags(ios::left) << setw(10) << pcpl_a[indexl] 

<< setw(l1) << pcpl_c[indexl] << setw(13) << pcpl_a_eop~indexl] 

<< setw(15) << pcpl_c_eop(indexl] << c \nc ; 

final out_03 << '\n'; 

// reset type and precision of output 

resetiosflags(ios::fixed); 

// close output file to assure file buffer is flushed 

final out03.closeo;

) // end do_pcpl output
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// stpll.h: 
// this file contains the instructions required to compute the STLL, the 

// lesser of the Maximum Pressure Suppression Primary Containment 

// Water Level or the highest pool level at which opening an SRV wall not 

// result in exceeding the code allowable stress in the SRV tail pipe, tail 

// pipe supports, quencher or quencher supports.  

// The methods used are established in EWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SA~s) Appendix C, 

// Rev. 1, dated July, 1997.  

// This code was written to conform to the syntax required by Micrcsoft 

// Visual C++.  
// 
// Author: Dave Burch 

/f Copyright: 1998 

// Version: 1.0 

/ ********* * **** *** ******* 

I, 
// STRUCTURE DECLARATION 
// / *** ** ******* *** ** ****** *** 

// data describing points on STPLL curve

struct pressure_level 
double pressure; 
double level; 

V; 
/ *** * * ********* ************ 

// 
// VARIABLE DECLARATIONS 

// 
/ ****** ************

double 
double 
double 
double 
double

fdesq; 
fdesqs; 
fdestp; 
fdestps; 
prpv 1;

II I
/I 
Il 
II

dI 
pressure_level prpv-bre

pressure_level stpllec 

char interim_04[30].  
char final_04[30]; 

/ *********************** 

//

/f RPV pressure [psig] 
// torus water level [ft]

design margin for tee-quencher [%] 
design margin for tee-quencher support [%] 

design margin for SRV tail pipe [%] 

design margin for SRV tail pipe support MI] 

maximum allowable pressure at torus water level 

used for SRV tail pipe design calculations [psig] 

ak[S]; // pressure breakpoints corresponding to 

// breakpoints in srvdl[J5 (SRV discharge 

// lines at JAF are modelled as four segments 

// for torus water levels up to the upper 

// torus invert [psig] 

opCS]; // points defining STPLL for PSTG/SAG/EOP/SAOG use 

// file name for output of intermediate results 

// file name for output of final results

// FUNCTION PROTOTYPES 
// 

********* *********** ****** 

// function to calculate SRV tail pipe level limit 

void calc_stpll(char interim_04(30], char final_041301); 

/*************************** 

// calc stpll function 
i * ***** ** ** ** ****** **c 

void calc_stpll (char interim_04t[3O]i, char final_04([30] )
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pressure level stpll[53; // prpv break[] truncated at prpv..maxind and 3 psig 

int indexi, index2; 

int loindex, hi_index; 

double lo press; 

double hi_press; 

double 1o level; 

double hi-level; 

cout <c "calculating stpll\n\n" << flush; 

// declare a file stream for output of intermediate results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through interim_04), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream inter.out_04(interim_04, ios: :app) 

interout_04 c< "STPLL calculation, intermediate results:\n\n"; 

// initialize values of parameters used in this calculation 

// determine design margin for SRV q'aencher 

fdes_q = (100 * pq_code / pqdes) - 100; 

// determine design margin for SRV quencher support 

fdes_qs = (100 * pqscode / pqs-des) - 100; 

// determine design margin for SRV tail pipe 

fdes_tp = (100 * ptp code / ptpdes) - 100; 

// determine design margin for SRV tail pipe support 

fdestps = (100 * ptps_code / ptps.des) - 100; 

// determine maximum allowable RPV pressure at torus 

// water level used for SRV tail pipe design calculations 

prpvl = min _floats(fdessq, fdes-qs); 

prpv9. = min-floats(prpvJl, fdestp); 

prpvl = min-floats(prpv_l, fdes_tps); 

prpv_l = (prpv_tp * prpv_l / 100) + prpvtp; 

// write first batch of intermediate values to file 

interout_04 << "Component design margins:\n\n*; 

interout_04 << " component fdes\n"; 

inter-out_04 <<c[%\" 

inter-out_04 << " quencher " c< fdes q << c \nc ; 

interout_04 << " quencher support < cc fdescqs <<c \nc ; 

interout_04 << " tail pipe . << fdes tp << c \nc ; 

inter out_04 << " tail pipe support " << fdes tps << c inc ; 

inter out_04 << c \n'; 

// find the breakpoints in the graph of torus water level (STPLL) vs. RPV pressure.  

// rather than using the BWROG, App. C method of calculating a maximum water 

// leg length versus RPV pressure, I have solved the defining equation directly for 

// RPV pressure as a function of water leg length. the resulting equation is then 

// evaluated for the water leg lengths which describe the SRV tail pipes as a function 

// of torus water level in the plant database 

!/ successive elements of srvdl have larger values of wll and spwl stored, therefore 

// successive elements of prpv_break will have smaller values of pressure for rising 

// values of torus water level.
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interout_04 << "breakpoints in STPLL vs. RPV pressure cu.re:\n\n"; 

inter_out_04 << "spwl pressure\n"; 

interout_04 << "(ft] fpsig]\n*; 

inter out 04 << setiosflags(ios::fixed); 
inter out 04 << setiosflags(ios::left); 
for (indexi = 0; indexl < 5; ++indexl) 

prpv_break[indexl].pressure = 

prpvl - (srvdl (indexi].wll * (dptp_dwll / dptp_dprpv)); 

prpvbreak[indexi].level = srvdl[indexlj .spwl; 

interout_04 << setprecision(
2 ); 

inter out_04 << setw(12) << prpvbreak[indexl] .level; 

inter out_04 << setprecision(O); 

inter out_04 << prpv-break[indexl].pressure << \nc ; 

// initialize stpll 

for (indexi = 0; indexi < 5; ++indexl) 

stpll[indexl].pressure = 0; 

stpll(indexl].level = 0; 

// determine the points defining the STPLL for EOP use. first, truncate the 

// curve at the maximum available RPV pressure indication and 0 psig 

f/ set loindex to point at the first location for which pressure < prpvmaxind 

lo index = 0; 

while (prpvbreak[lo_index].pressure > prpvmaxind) ++loindex; 

// set hiindex to point at the first location for which pressure < 0 

hi index = 0; 

while (prpvbreak[hi_index].pressure > 0) ++hiindex; 

// determine number of points to be 

// stored for which pressure is not 0 

index2 = hi index - loindex + 1; 

// no pressures were above prpv maxind, assign all records with 

// pressure above 0 to stpll 

if (lo-index == 0) ( 

for (indexi = 0; indexi < 5; ++indexi) 

while (prpvbreak[indexl].pressure >= 0) 

stpll [indexi] .pressure = prpvbreak [indexi] pressure; 

stplltindexl] .level = prpv_break[indexi] .level; 

// there were pressures above prpvmaxind 

else f 

// interpolate to find torus water level corresponding to prpv_maxind 

indexi = lo index - 1; 

lopress = prpvbreak[indexl].pressure; 
lo level = prpv break[indexl].level; 

bipress = prpvbreak [lo index] .pressure; 

hi level = prpvbreak[loindex] .level; 

stpll [0] pressure = prpv_maxind; 

stpll [0] .level = interpolate(lo_press, hi_press, prpv_maxind, 

lo-level, hi_level); 
indexi = 1;
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// store non-zero values of pressure (and corresponding levels) 

while (indexl < index2) ( 

stpll[indexl] .pressure = prpvbreak[lo_index] .pressure; 

stplllindexlJ .level = prpv-breaktlo_index].level; 
++indexi; 
++loindex; 

// there were pressures below 0 

if (hiindex < 5) ( 

// interpolate to find the level at which pressure reaches 0 

indexi = hi index - 1; 

lo press = prpv_break(indexi].pressure; 
lo level = prpv_break(indexl].level; 
hi_press = prpv_break[hi_index].pressure; 
hilevel = prpv_break[hi_index].level; 
stpll[index2].pressure = 0; 

stpll[index2].level = interpolate(lo press, hi_press, 0, 

lolevel, hi_level); 

inter out 04 << '\n' << "STPLL:\n\n"; 

inter out 04 << "spwl pressure\n"; 

inter out 04 << "[ft] [psig]\n"; 

for (indexi = 0; indexl < 5; ++indexl) { 
inter out 04 << setprecision(2); 

interout 04 << setw(12) << stpll[indexl].level; 
interout_04 << setprecision(0); 

interout_04 << stpll[indexl].pressure << c \n'; 

inter out_04 << c\nc; 

// return output format to normal 

resetiosflags(ios::left); 
resetiosflags(ios::fixed); 

// close output file to assure file buffer is flushed 

inter out_04.closeO; 

// open file stream to write final results of the calculations.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through final_04), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream final out_04(final_04, ios::app); 

// initialize stpll-eop 

for (indexl = 0; indexl < 5; ++indexl) { 
stplleop[indexl].pressure = stpll(indexl].pressure; 

stplleop(indexl].level = stpll[indexl].level; 
I 

// now, truncate the curve at the Maximum Pressure Suppression Primary 

// Containment Water Level 

/f set hiindex to point at the first element 

// in the array with level above mpspcwl

hi index = 0;
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while ((stpllEhijindex].level < mpspcwl) && (hi index < 5)) ++hiindex; 

// interpolate to find pressure corresponding to mpspcwl 

// if there are entries with level above the mpspcwl 

if (hiindex < 5) ( 

lo index = hi index - 1; 

lo-press = stpll[lo_index].pressure; 
lo-level = stpll[lo_index).level; 

hiypress = stpll(hi_index].pressure; 
hi level = stpllthi_index] .level; 

stpll_eop[hiindex].level = mpspcwl; 

stplleop[hi_index).pressure = interpolate(lo_level, hilevel, 

mpspcwl, lo_press, hi_press); 
++hi index; 

// set the next empty element to (0, mpspcwl) 

if (hiindex < 5) { 

stplleopthi-index].pressure = 0; 

stplleop(hi_index).level = mpspcwl; 
} 

finalout_04 << "SRV Tail Pipe Level Limit (for EOPs):\n\n"; 

finalout_04 << "spwl pressure\n"; 

final out 04 << "[ft] [psig)\n"; 

final-out-04 << setiosflags(ios::left) << setiosflags(ios::fixed); 

for (indexi = 0; indexl < 5; ++indexl) { 
final out_04 << setprecision(

2 ); 

final_out_04 << setw(12) << stplleopfindexl].level; 

final out_04 << setprecision(O); 

final out 04 << stplleop[indexl] .pressure << I\n'; 

final out_04 << c\nc; 

// return output format to normal 

resetiosflags(ios::left); 
resetiosflags(ios::fixed); 

// close output file to assure file buffer is flushed 

final out_04.closeO;

} // end calcstpll
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ii hrr1 h-

// this file contains the instructions required to compute the following: 

S - tsp hctl_2: the heat capacity temperature limit loW pressure 

// endpoint temperature 
// heat capacity temperature limit 
// 
// nTis code was written to conform to the syntax required by Microsoft 

// Visual C++.  
/
// The methods used are established in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs) Appendix C, 

// Rev. 1, dated July, 1997.  
//

// Author: 
// Copyright: 
// Version:

Dave Burch 
1998 
1.0

,*t.****** ************ *** 

/ / VARIARLE DECLARATIONS 

// 
**** ***** **************** **

double pgsc; 
douable pnsc_sc; 

double qrx.l; 
double wlsplim;

// partial pressure of water vapor in torus airspace [psia] 

// partial pressure of dry gas (N2 or air) originating in torus a~rspace 

// normalized to 100OF using ideal gas law when in torus airspace :psiaJ 

// percentile reactor power [Btu/min.-%] 

// lower limit on torus water level used in calculation [ft]

// the following parameters are all functions of torus water level:

double tscpcpl[ll]; 
double pnscdw(1[]; 

double dpscdtsc [1]; 

double tsphctl2 [11]; 

double tsphctl_l[11]; 

double tsp_hctl_2_lco; 

double tsp_hctl_1_lo; 

double tsp_hctl_1_hi; 

char interim_05[30]; 
char final 05 [30];

// temperature required for gas pressure to reach pcpl a (OF] 

// partial pressure of dry gas (N2 or air) originating in drywell noor.alized 

// to 1001F using ideal gas law when in torus airspace [psia] 

// rate of change of pressure with temperature of all dry gas 

// in torus airspace, from ideal gas law [OR/psia] 
// Heat Capacity Temperature Limit low-pressure endpoint 

// temperature [OF] 
// Heat Capacity Temperature Limit high-pressure endpoint 

// temperature [OF] 
// HCTL low-pressure endpoint with torus water 

// level at the tech spec minimum [(F] 

// HCTL high-pressure endpoint with torus water 

// level at the tech spec minimum [OF] 
// HCTL high-pressure endpoint with torus water 

// level at the tech spec maximum [OF] 

// file name for storage of intermediate results 

// file name for storage of final results

/*/****o ******************** 

/
// FUNCTION PROTOTYPES 
// 
//*.* * *** ** ** *** ***** *** *** * * 

// function to determine the number of state 

/1 points to include in HCTL calculation 

int calc_n_values(double big, double little); 

// function to calculate percentile decay heat as a function of time 

double calc_qdh(double time); 

// function to calculate low-pressure endpoint temperature 

// as a function of torus water level

void calc tspjhctl_2 (char interim_05 (30] ) ;
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// function to calculate the heat capacity temperature limit 

void calchctl(char interim_05[30], char final_05[33]); 

/***********tt******* 

// calc_tsphctl_2 function /** * * **** ** ***** ***** *** ** 

void calc_tsphctl_2(char interim_05[30]) 

int indexi; 
double pgas; // pressure of gas at a given temperature [psia] 

// declare a file stream for output of intermediate results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through interim_05), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream inter out_05a(interim_05, ios::app); 

cout << "calculating heat capacity temperature limit'; 

cout << " low pressure endpoints\n\n" << flush; 

// initialize data required here (and in later program elements) 

// determine partial pressure of water vapor in torus airspace 

pgsc = psat(tsc-minop); 

// determine partial pressure of dry gas in toras airspace 

// normalized to l00"F using ideal gas law 

pnscsc = ((psdcmaxop + 14.7 - pgsc) * 559.69) / (tscrminop + 459.69); 

// determine lower limit on pool water level 

// for Mark I containments, this is the elevation of the dcwncomer 

// opening, referenced to the torus level instr-.-nent zero 

wlsplim = hdco - hspref; 

interout 05a << "HCTL low-pressure endpoint intermediate results:\n\n"; 

interout_05a << "pgsc = " << pgsc << I psia\n'; 

interout_05a << "pnscsc = " << pnscsc << I psia\n"; 

inter out 05a << "wlsp lim = " << wlsplim << ft\n\n"; 

for (indexi = 0; indexi < 11; ++indexl) { 

// determine partial pressure of dry gas originating in drywell 

// normalized to 100 0 F using ideal gas law, when in torus airspace 

pnscdw[indexl] = ((pdw-maxop + 14.7) * 559.69 * vdw) 

/ ((tdwrminop + 459.69) * vtorus[indexll.vscair); 

// detemine rate of change of pressure with temperature of all dry gas 

// in torus airspace, from ideal gas law 

dpscdtsc[indexl] = (pnsc-sc + pnsc dwfindexl]) / 559.69; 

// determine temperature at which pcpl a will be reached when all 

// of the gas is in the torus airspace 

tsc_pcpllindexl] = tsc minop; 

p-gas = (dpscdtsc[indexl] * (tsc_pcpl[indexl] + 459.69)) + psat(tscspcpl[indexl]); 

while (pgas < (pcpl to calcsfindexi] + 14.7)) { 
tsc_pcpltindexl] = tsc pcpl[indexl] + 0.1;
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p_gas = (dpsc_dtsc[indexll * (tsc_pcpl(indexl] + 459.69), + psat(tsc pcpl[indexl]); 

// the last increment of tscspcpl[indexl] caused the pcpla to be exceeded 

// therefore, take it back out 

tsc_pcpl[indexl] = tsc pcpl[indexl] - 0.1; 

// determine HCTL low-pressure endpoint temperature (the i:wer of 

// tsc_pcpl(] and tscmax) 

tsphctl_2(indexl] = minfloats(tsc_pcpl[index)], tscnax) 

// cheat and use knowledge that no data is stored in 

// vtorus for water levels between 13.88 ft and 14 ft 

// to enable use of ineqtality to get tsp hctl_2_ico 

if (vtorus[indexl] .wlsp < 13.9) tsp hctl 2 Ico = tsphctl_2 indexll; 

inter out05a << "wlsp vsc air pnscdw dpscdtsc"; 

inter out05a << " pcpl-a tscpcpl tsp hctl_2\n"; 

interout_05a << "[ft] [ft3] [psia] [OR/psial"; 

inter out 05a << " [psig) [OF] [OFI\n"; 

inter out05a << setiosflags ios::fixed) << setiosflags(i0s::eft) 

for (indexi = 0; indexl < 11; ++indexl) { 

inter out_05a << setprecision(2) << setw(9) << vtorus[indexl].wlsp; 

inter out 05a << setprecision(0) << setw(13) << vtorus~indexl].vscair; 

inter out 05a << setprecision(2) << setw(13) << pnsc-dw[index] ; 

inter out 05a << setprecision(4) << setw(13) << dpscdtscifndexl]; 

inter outo05a << setprecision(l) << setw(1l) << pcplto_caics(indexl]; 

inter out_05a << setprecision(1) << setw(14) << tsc_pcnlCindexl]; 

inter out 05a << setprecision(l) << tsphctl_2[indexl]; 

interout_05a << '\nc ; 

interout_05a << '\n' << "tsohctl_2_ico <" < tsp hctl 2 Icc << "OFknkn";

// return formatting to default values 

inter out 05a << resetiosflags(ios::left); 

interout_05a << resetiosflags(ios::fixedh; 

// close output file to assure file buffer is flushed 

interout_05a.close(); 

f end calctsp hctl_2 

S*********** ************** 
// calc_n_values function 
/ * ****************

int calc_n_values(double big, double little)

double 
double 
double 
double 
int 
int

midpoint; 
difference; 
quotient; 
remainder; 
modulus; 
answer;

// pressure increments of 10 psi will be used for pressure above 200 psig 

// and increments of 5 psi will be used at or below 200 psig 

midpoint = 200; 

difference = big - midpoint; 

quotient = difference / 10;
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modulus = int(quotient); 
remainder = quotient - modulus; 

// make assumption that psrv lift will be an even multiple of 5 psi 

// so that remainder more than zero (0.1 used to avoid problems 

// with representation of numbers, 0 != 0.0000x) is indicative of 

// a setpoint which is not an even multiple of 10 psi 

if (remainder > 0.1) { 

answer = modulus + 1; 

else answer = modulus; 

big = 200; 
difference = big - little; 

quotient = difference / 5; 

answer = int(answer + quotient + 1); 

return (answer); 

// calc-n-values 

* **** ******** *** 

// calcqdh function /*****t********************* 

double calcqdh(double time) 

double pwrbfr; // power before 'time' from array sd_pwr [%I 

double pwr_aftr; // power after 'time' from array sd_pwr (%I 

double pwrnow; // power at 'time' [%, then Btu/min.] 

double tbfr; // time before 'time' from array sdpwr [min.) 

double taftr; // time after 'time' from array sdpwr [min.] 

int indexl; 

indexi = 0; 

// find first stored time equal to or longer than time passed in 

while (sd_pwr[indexl].time <= time) 
++indexl; 

// if we get lucky, the time passed in was a stored value 

if (time == sdspwr[indexl - 1].time) pwrnow = sd_pwr[indexl - 1].power; 

// if not, find bracketting times and interpolate to get power 

if (time < sd_pwr[indexl].time) ( 

t_bfr = sdpwr[indexl - 1] .time; 
pwr bfr = sd_pwr[indexl - 1] .power; 
t_aftr = sdpwr[indexl).time; 
pwraftr = sd_pwr[indexl] .power; 

pwr-now = interpolate(tbfr, taftr, time, pwr-bfr, pwr_aftr); 

// calculate value of percentile reactor power 

qrx-l = qrxrated * k2 / 100; 

// convert pwrnow from percent power to Btu/min.  

pwrnow = pwr now * qrxl;

return (pwrnow);
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// calcqdh 

****/****t********r*****t*t*** 

// calchctl f;z:tion 
/***********t*t**t*********** 

void calc_hc: (char interim_05(30], char final_05[30]) 

s //structure with fields for intermediate results

struct hctiint ( 

double prpv; // RPV pressure (psia] 

double trpv; // RPV temperature (0F] 

double hf_rpv; // specific enthalpy of fluid in RPV [Btu/lbm] 

double hg rpv; // specific enthalpy of vapor in RPV [Btu/lbm] 

double vf-rpv; // specific volume of fluid in RPV [ft3/lbm] 

double vgrpv; // specific volume of vapor in RPV [ft3/lbm] 

double wsrv; // SRV flowrate (ibm/min.] 

double mfrpv; // mass of liquid in RPV [Ibm] 

double mg_rpv; // mass of vapor in RPV [ibm] 

double erpv; // energy of RPV [Btu] 

double dmg_srv; // mass passed through SRVs (Ibm] 

double nf sp; // mass of liquid in torus [ibm] 

double dt; // time step [min.] 

double t; // time [min.] 

double qdh; // decay heat [Btu/min.] 

double esp; // energy in torus [Btu) 

double tsp; // temperature of torus [(F] 

double zl, z2, z3, z4, zS, z6; 
}; 

int torascalcbbase; // index to stop at when calculating torus state 
// variables as a function of lowering RPV pressure

int 
double 
double 
double 
double 
double 
double 
double 
int

indexl, index2, 
wsrv_be; 
psrvref; 
dwsrvdprpv; 
crpv; 
vruv; 
prv_g; 
prpv_a; 
nvalues;

hctl int *ressptr;

to~ptr; // 
// 
// 
// 
// 
// 
// 
//

best-estimate SRV flow-rate [ibm/min.] 

reference pressure for best-estimate SRV flowrate [psig] 

specific SRV flowrate (critical flow) [Ibm/min.-psia] 

RPV heat capacity [Btu/OF] 
RPV volume [ft3l 
RPV pressure for a given statepoint (psig) 

RPV pressure for a given statepoint [psia] 

actual number of intermediate pressure points calculated

// pointer to storage for intermediate results

cout << "calculating heat capacity temperature limit\n\n" << flush; 

// get memory to store intermediate results. sufficient memory is obtained 

// to store 160 pressure values for each of 11 torus water levels, this corresponds 

// to a calculation proceeding from 1500 psig to 200 psig in 10 psig increments, 

// and frcm 200 psig to 50 psig in 5 psig increments 

res_ptr = new hctlint(1760]; 

// initialize storage 

for (indexi = 0; indexl < 1760; ++indexl) 

(res_ tr + indexl)->prpv = 0; 

(res ntr + indexl)->trpv = 0; 
(resptr + indexl)->hf rpv = 0; 

(ressptr + indexl)->hgrpv = 0; 
(resvtr + indexl)->vfrpv = 0; 

(ressptr + indexi)->vgrpv = 0; 
(resptr + indexl)->wsrv = 0; 
(res_ptr + indexl)->mfrpv = 0; 

(resptr + indexl)->mgrpv = 0; 
(res_ptr + indexl)->erpv = 0; 

(res_ptr + indexl)->dmg-srv = 0;
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(res ptr + indexl)->mffsP = 0; 

(res ptr + indexl)->dt = 0; 

(res_ptr + indexl)->t = 0; 

(res ptr + indexl)->qdh = 0; 

(ressptr + indexl)->esp = 0; 

(resptr + indexl)->tsP = 0; 

(res_ptr + indexl)->zl = 0; 

(ressptr + indexl)->z
2 

= 0; 

(res_ptr + indexl)->z3 = 0; 

(res ptr + indexl)->z4 = 0; 

(res ptr + indexl)->zS = 0; 

(res_ptr + indexl)->z6 = 0; 

// determine number of pressure points which are required 

nvalues = calc_n values (psrv lift, mrfp); 

// determine best-estimate SPV flowrate 

wsrv-be = (1.10 * wsrv name) / 60; 

// determine reference pressure for best-estimate SRV flowrate 

psrv ref = 1.03 * psrv_name; 

// determine specific SRV flowrate (critical flow) 

dwsrv_dprpv = wsrvbe / (psrvref + 14.7); 

// determine RPV heat capacity 

crpv = (csteel * mrpv) + (cclad * mclad) + (c_fuel * mfuel) 

// determine RPV volume 

vrpv = (vfsat_):byp(psrv_lift + 14.7) * mfrpvhot) + (vgsat-byp(psrv.lift + 14.7) * mgrpvhot 

// iteratively determine HCTL as a function of torus water level 

for (indexl = 0; indexl < 11; ++indexl) I 

// set pointer into storage array 

toptr = indexi * n values; 

// set initial equilibrium RPV state 

prpv_a = psrv lift + 14.7; 

prpv-g = psrv lift; 

(ressptr + to_ptr)->prpv = prpv_g; 

(resptr + tosptr)->trpv = tsat(prpv.a); 

(res_ptr + to_ptr)->hf_rpv = hfsat byp(prpv_a); 

(resptr + toptr)->hg_rpv = hgsat_by_p(prpv a); 

(resptr + to-ptr)->vf-rpv = vfsatby_p(prpv_a); 

(resptr + tosptr)->vg_rpv = vgsat by p(prpva); 

(res ptr + tosptr)->wsrv = mnsred * dwsrvdprpv * prpv_a; 

(res ptr + to_ptr)->mfrpv = mfrpv_hot; 

(res ptr + to_ptr)->mg_rpv = mgrpvhot; 

(ressptr + to_ptr)->erpv = ((resptr + tosptr)->trpv * crpv) 

+ ((ressptr + to_ptr) ->hfrpv * (res_ptr + to_.ptr) ->mf-rpv) 

+ ((ressptr + tosptr)->hg_rpv * (ressptr + toptr)->mgrpv); 

(res ptr + to_ptr)->t = 2; 

(ressptr + to ptr)->qdh = calcjqdh((resstr + to_ptr)->t); 

// rather than using the App. C equation, initial torus water mass will be 

// set at the volume divided by the specific volume of water (subcooled) 

// at 15 psia and tsp scram, since EOPs function to maintain torus pressure
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// at or above atmospheric (nominally 14.67 psia) 

(resptr + tosptr)->mf-sp = vtorus[indexil .vsp / vpt(15, tspscram); 

// calculate RPV parameters and torus water mass as vessel depressurizes (along HCT

for (index2 = 1; index2 < nvalues; ++index2) 

// set pointer into storage array 

to ptr = (indexl * nvalues) + index2; 

// calculate RPV pressure for next state point 

if (prpvg >= 210) ( 

prpvg = prpvg - 10; 

prpv-a = prpva -10; 

else 
prpvg = prpvg - 5; 

prpv_a = prpv_a - 5; 

// determine RPV parameters and torus water 

// mass for successively lower RPV pressures 

(res_ptr + toptr)->prpv = prpvg; 

(res_ptr + tosptr)->trpv = tsat(prpva); 

(ressptr + to_ptr)->hf_rpv = hfsat_by_p(prpv_a); 

(res_ptr + to_ptr)->hgrpv = hgsatby_p(prpv_a); 

(res_ptr + toptr)->vf_rpv = vfsat byp(prpv a); 

(ressptr + to_ptr)->vg_rpv = vgsat byp(prpva); 

(ressptr + toptr)->wsrv = mnsred * dwsrv dprpv * prpv a; 

(res ptr + toptr)->zl = vrpv / (res_ptr + toyptr)->vgarpv; 

(res_ptr + to_ptr)->z2 = (res_ptr + toptr)->vfrpv / (ressptr + to_ptr)->vgrpv; 

(resptr + to_ptr)->z3 = (resptr + to_ptr - 1)->mg rpv 

+ (res_ptr + toptr - i)->mfrpv - (res~ptr + tosptr)->zl; 

(res_ptr + tosptr)->z4 = ((resptr + to_ptr - l)->qdh 

/ (ressptr + tosptr - l)->wsrv) - (res_ptr + to ptr - 1)->hgrpv; 

(res_ptr + tosptr)->z5 = (resptr + to_ptr - l)->erpv - (crpv * (res-ptr + tosptri->trpv) 

- ((res_ptr + to_ptr)->zl * (ressptr + toptr)->hg-rpv); 

(res_ptr + to_ptr)->z6 = (resptr + to_ptr)->hfrpv - ((resptr + tosptr)->z2 

* (resptr + to ptr)->hgrpv) + ((res ptr + to_ptr)->z4 

* (1 - (res_ptr + to_ptr)->z2)); 

(resptr + to_ptr)->mfrpv = ((resptr + tosptr)->z5 + ((resptr + to_ptr)->z3 

* (resptr + tosptr)->z4)) / (res_ptr + toptr)->z6; 

(res_ptr + to_ptr)->mgrpv = (res_ptr + tosptr)->zl - ((resptr + tosptr)->z2 

* (res_ptr + to_ptr)->mfrpv); 

(res_ptr + tosptr)->erpv = ((res_ptr + toptr)->trpv * crpv) + ((res_ptr + toytr)->hfrpv 

"• (ressptr + toptr)->mfrpv) + ((res ptr + to_ptr)->hg_rpv 

"• (ressptr + to_ptr)->mgrpv); 

(res ptr + to_ptr)->dmgsrv = (((ressptr + toptr)->z2 - 1) * (res_ptr + tosptr)->mfrpv! 

+ (res_ptr + to_ptr)->z3; 

(res_ptr + tosptr)->dt = (res_ptr + to_ptr)->dmg_srv / (resptr + toptr)->wsrv; 

(resptr + to ptr)->t = (ressptr + tosptr - l)->t + (ressptr + tosptr)->dt; 

(resptr + to ptr)->qdh = calcqdh((res_ptr + toptr)->t); 

(resptr + to_ptr)->mffsp = (ressptr + tosptr - I)->mfsp + (resptr + toptr)->dmig-srv; 

// set final torus energy and temperature 

to-ptr = ((indexi + 1) * n values) - 1; 

(res ptr + to_ptr)->tsp = tsphctl_2[indexl]; 

(res_ptr + tosptr)->esp = (res ptr + to ptr)->mf_sp * (tsp hctl_2[indexl] - 32); 

// set lowest index to calculate torus states for 

toruscalcbase = indexl * nvalues;
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// determine tzrus energy and temperature for successively higher RPV pressures 

for (index2 = o_ptr -1; index2 >= torus calc_base; -- index2) 

to-ptr = index2; 

(res ptr + tosptr) ->esp = (res_ptr + to_ptr + 1) ->esp - ((res ptr + to_ptr + 1) ->hgrpv 

* (ressptr + to ptr + 1)->dmg srv); 

(res ptr - :o_ptr)->tsp = ((res ptr + toptr)->esp / (resptr + toptr)->mfsp) - 32; 

// write high-pressure endpoint temperature to tsp hctll[] for later use 

to-ptr = index'- * nvalues; 

tsphctl_l indexi] = (ressptr + to_ptr)->tsp;

'I I
"I/

cheat and use knowledge that no data is stored in vtorus 

for water levels between 13.88 ft and 14 ft to enable use 

of inequality to get tsphctl_l_lo

if (vtorus[indexl] .wlsp < 13.9) tsp_hctl I lo = tsphctl_l[indexil];

/1 
/I 
//

cheat and uise knowledge that no data is stored in vtorus 

for water levels between 14 ft and 15 ft to enable use 

of inequality to get tsphctl_lhi

if (vtorus[indexl] .wlsp < 14.1) tsphctllhi = tsphctl_1(indexl] 

// declare a file stream for output of intermediate results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through interim_05), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream inter out 05b(interim_05, ios::app); 

for (indexi = 0; indexl < 11; ++indexl) (

inter out 05b 
inter out 05b 
inter outO05b 
interout_05b 
interout_05b 
interout 05b 
inter-out_05b 
interout 05b 
inter out 05b 
for (index2 =

cc 
cc 

<< 

cc 

cc 

cc 

cc 

cc 

cc 

0;

to-ptr = lind 

inter out_05b 
inter out_05k 
interout_05k 
inter out_05k 
inter out_05k 
inter out_05k 
inter out_05k 
inter out 05k 
inter out_05b 
inter out_051 
inter out_051 
inter out 051 
interout_051 
inter out_05) 
inter out_051 
inter out_05) 
inter out 051 
inter out 051 
inter out_051

,\n,'; 
setiosflags(ios::fixed); 
setprecision(2); 
"torus water level = " << vtorus[indexl].wlsp 
.\n'; 

"prpv trpv hfrpv hg_rpv vfrpv 
wsrv mfrpv mg_rpv\n*; 

"[psig] [fF] [Btu/Ibm] [Btu/ibm] [ft3/lbn] 
" libm/min.] flbm] [lbm]\n"; 
index2 < nvalues; ++index2) 
Lexi * nvalues) + index2; 

<< setprecision(0) << setw(5); 
<< (ressptr + to_ptr)->prpv; 
<< setprecision(2) << setw(8); 

<< (resptr + to_ptr)->trpv; 
<< setprecision(2) << setw(9); 

<< (res_ptr + toptr)->hfrpv; 
<< setprecision(1) << setw(10); 
<< (resptr + to_ptr)->hg_rpv; 
<< setprecision(5) << setw(l1); 

> << (resptr + tosptr)->vfrpv; 
b << setprecision(4) << setw(11); 
b << (res_ptr + to_ptr)->vgrpv; 

b << setprecision(0) << setw(10); 

D << (res_ptr + to_ptr)->wsrv; 

b << setprecision(0) << setw(10); 
b << (res_ptr + tosptr)->mfrpv; 

b c< setprecision(0) << setw(S); 

b << (res_ptr + to ptr)->mg_rpv; 

b << '\n';

"c " ft\n"; 

vg-rpv *; 

(ft3/lbm] ";

I
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interout 05b << c Inc ; 

interout_05b << " prpv erpv dmgsrv mf-sp 

interout_05b c " qdh esp tsp\n"; 

interout_05b << "[psig] [E:u] [ibm] [Ibm] 

inter out05b << " [Btu/min.] [Btu] ['F]\n"; 

for (index2 = 0; index2 c n_-alues; ++index2) ( 
to_ptr = (indexl * nvalues) + index2; 

inter out 05b << setprecision(O) << setw(5); 

inter out05b << (resptr + to_ptr)->prpv; 

inter out_05b << reseticsflags(ios::fixed); 

inter out_05b << setiosflags(ios::scientific); 

inter out05b << setprecision(
2 ) << setw(li); 

inter-out-05b << (res_ptr + toptr)->erpv; 

inter out_05b 4< reseticsflags(ios: :scientific) 

inter-out-05b << setiosflags(ios::fixed); 

inter-out-05b <c setprecision(l) << setw(10); 

inter-out-05b << (resptr + toptr)->dmgsrY; 

inter out05b << setprecision(O) << setw(9); 

inter out05b << (res_ptr + toptr)->mf sP; 

inter outs05b << setprecision(
4 ) << setw(8); 

inter outh05b << (res_ptr + toptr)->dt; 

inter out_05b << setprecision(
3 ) << setw(8); 

inter out 05b << (res_ptr + to_ptr)->t; 

inter out05b << setprecision(O) << setw(ll); 

inter-out-05b << (res_ptr + to ptr)->qdh; 

inter-out-05b << reseticsflags(ios::fixed) 

inter-out-05b << setiosf'ags(ios::scientific); 

inter-out-05b << setprecision(
2 ) << setw(1l) 

inter-out-05b << (res_ptr + to_ptr)->esp; 

inter outa05b << reseticsflags(ios::scientific) 
inter-_out05b << setiosflags(ios::fixed); 

inter outh05b << setprecision(i) << setw(7); 

interout_05b << (ressptr + to_ptr)->tsp; 

inter out 05b << c \nc ; 

resetiosflags(ios::fixed];

dt t t 

[min.] [min.];

interout_05b << c\nc; 

// close output file to assure file buffer is flushed 

inter out_05b.closeO; 

// write tsp at 50 psi intervals to final results file 

// declare a file stream for output of final results. while 

// the file stream will be attached to an existing physical 

// file (determined by the file name passed in through 

// final 05), a new identifier for the stream is used to 

// preclude a compiler error due to redefinition of a variable 

ofstream finalout_05(final 05, ios::app); 

// write header 

final out 05 << "Heat Capacity Temperature Limit:\n\n"; 

final out05 <<c 

for (indexl = 0; indexl < 11; ++indexl) 

finalout_05 << wIsp"; 

final out 05 << '\n' << I 

for (indexl = 0; indexl < 11; +.indexl) 

final out_05 << 9 [ft]";

final out 05 << '\n, c 

final out 05 << setiosflags(ios::fixed) 

for (indexl = 0; indexl c 11; ++indexl)

<< setprecision( 2 );
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final out_05 << setw(7) << vtorus[indexl].wlsp; 

final out 05 << '\n' << " prpv '; 
for (indexi = 0; indexI < 11; ++ indexl) 

final out_05 << " tsp i; 

I 
final out 05 << '\n'; 
final out 05 << "[psig]"; 
for (indexi = 0; indexI < 11; ++indexl) 

final out_05 << " [OF] "; 
I 
finalout_05 << c\nc; 

// write final results at psrv lift to file 

index2 = 0; 
finalout_05 << setprecision(0) << setw(5); 
finalout_05 << (res_ptr + index2)->prpv; 
final out 05 << " "; 
for (indexl = 0; indexl < 11; ++indexl) 

tosptr = (indexi * nvalues) + index2; 
finalout_05 << setprecision(1) << setw(7); 
final_out_05 << (res_ptr + toptr)->tsp; 

finalout_05 << c\n'; 

// write results at 50 psi increments for pressure 

// above 200 psig, and 25 psi increments for 
// pressure below 200 psig 

while (index2 < (nvalues - 5)) 
index2 = index2 + 5; 
finalout_05 << setprecision(0) << setw(5); 
finalout_05 << (res_ptr + index2)->prpv; 
finalout_05 << " i; 

for (indexi = 0; indexl < 11; ++indexl) 
tosptr = (indexi * nvalues) + index2; 
final out05 << setprecision(1) << setw(7); 
finalout_05 4< (ressptr + to_ptr)->tsp; 

final out05 << '\n'; I 

// if values at mrfp were not written in previous step, 
// write them now 

if (index2 != (nvalues - 1)) 

index2 = nvalues - 1; 
final out 05 << setprecision(0) << setw(5); 
final out 05 << (res_ptr + index2)->prpv; 
final out 05 4< " '; 
for (indexl = 0; indexl < 11; ++indexl) 

tosptr = (indexl * nvalues) + index2; 
final out_05 4< setprecision(l) << setw(7); 
final out_05 << (ressptr + to_ptr)->tsp; 

final out_05 << '\nc; 

finalout_05 c< c\nl; 

// return formatting to default values 

final out_05 << resetiosflags(ios::fixed); 

// close output file to assure file buffer is flushed

final out_05.closeO;
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// rpvAh 
// 
// 

// 
'/ 
// 
// 
// 
// 
// 
'I 
// 
// 
'I 
// 
1/ 
// 
// Autho 
II Copyr 
// Versi

or
ight: 
on:

Dave Burch 
1998 
1.0

// 
// STRUCTURE DECLARATIONS 
//

n_open; 
pressure; 

nopen; 
time; 

t_sd; 
toulS;

// number of open SRVs 
// RPV pressure [psiql 

// number of open SRVs 
// time [min-) 

// time after shutdown (min.] 
// time to reach 15000F [min.]

//w.n.*.............. w, 

// 
// VARIABLE DECLARATIONS 

v/ 

// variables required for calculatiun

dwsrvdprpv; 
hfEsp; 
wgcore_l; 
marfp [7]; 
merp; 
mcfi['7) 
mcfi nads; 
mcutl[9); 
mscrwl; 
mzirwl: 
interim_06130]; 
final. 06130] ;

// specific SRV flowrate (critical flow) [lbm/hr-psia] 
/e enthalpy of water pumped from torus [Btu/Ibm) 
// minimum core steam flow required to maintain PCT < 1500*P (Ibm/hrl 
// Minimum Alternate RPV Flooding Pressure 
// Minimum SRV Rc-opcninq Pressure (psig) 
// Minimum Core Flooding Interval 
// MCFI for nsrvyads open SRVs (min.) 
// Maximum Core Uncovery Time Limit 
// Minimum Steam Cooling RPV Water Level [in.) 
// Minimum Zero-Injection RPV Water Level [in.] 
// file name for storage of intermediate results 
/1 file name for storage of final results

/1 
// FUNCTION PROTOTYPES 
//

this file contains the instructions required to compute the following: 
MARPP: Minimum Alternate RPV Flooding Pressure 
MNSRED: Minimum Number of PRV9 Required for 

Emergency Depreasurization 
MRFP: Minimum RPV Flooding Pressure 
MCUTL: Maximum Core Uncovery Time Limit 
MSCRWL: Minimum Steam Cooling RPV Water Level 
MZIRWL: Minimum Zero-Injection RPV Water Level 

The methods used are established in BWROG, Emergency Procedure 
Guidelines / Severe Accident Guidelines (EPGs/SAGS) Appendix C.  
Rev. 1, dated July, 1997.  

This code was written to conform to the syntax required by Microsoft 
visual C4*.

etruct n2p 
int 
double 1; 

struct nt 
int 

double 

struct t_t 
double 
double

double 
double 
double 
nmp 
double 
n t 
double 
tt
double 
double 
char 
char
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// release memory used to store results 

delete[] res ptr; 

c calc hctl
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// function to initialize value used in multiple modules 

void initrpvvalues(char interim_06[30]); 

// function to sequence other modules used in RPV variable calculation 

void sequencerpv(char interim_06[30], char final_06[30]); 

// function to calculate MARFP 

void calcmarfp(char interim_06[303, char final_06[30]); 

// function to calculate MNSRED 

void calc mnsred(char interim_06(30], char final 06[30]); 

// function to calculate MSRP 

void calc msrp(char interim_06(30]); 

// function to calculate MRFP 

void calcmrfp(char interim_06[30], char final_06[30]); 

// function to calculate MCFI 

void calcmcfi(char interim_06[30], char final_06[30]); 

// function to calculate MCUTL 

void calcmcutl(char final_06[30]); 

// function to calculate MSCRWL 

void calc mscrwl(char final_06(30]); 

// function to calculate MZIRWL 

void calc mzirwl (char final_06(30]); 

* ************************** 
/ init values function /*******t***********t******* 

void initrpv values(char interim_06[30]) 

// declare a file stream for output of intermediate results.  
/f while the file stream will be attached to an existing physical 
/f file (determined by the file name passed in through interimCE 
// a new identifier for the stream is used to preclude a compiler 
/f error due to redefinition of a variable 

ofstream inter out_06a(interim_06, ios::app); 

// Determine enthalpy of water pumped from torus.  
// Temperature was calculated by code in hctl.h 

hfsp = hpt(500, tsphctl_2_lco); 
interout_06a << "hf-sp = << hfsp c Btu/lbm\n"; 
interout_06a << c\nc; 

// close output file to assure flush of file buffer 

interout_06a.closeO; 

} // end initrpvvalues
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// sequencerpv function / ******tt****t***t****t**** 

void sequencerpv(char interim_06(30), char final_06(30]) 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_06 

// and final_06), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables 

ofstream inter out 06b(interim_06, ios::app); 

ofstream final out_06b(final_06, ios::app); 

// write descriptive line to front of each file 

interout_06b << "RPV variables, intermediate results:\n\n"; 

finalout_06b << "RPV variables, final results:\n\n"; 

// close output files to assure flush of file buffers 

interout_06b.closefl; 
final outo06b.closefl; 

cout << "calculating values associated with the RPV\n\n" << flush; 

initrpv_values(interim_06); 

calcmarfp(interim_06, final_06); 

calcmnsred(interim_06, final_06); 

calc-msrp(interim_06); 

calcmrfp(interim_06, final_06); 

calcmcfi(interim_06, final_06); 

calc mcutl(final_06); 

calcmscrwl(final_06); 

calcmzirwl(final_06); 

} /f end sequence rpv 

/*I*********************t*** 

// calcmarfp function 
S* ** * *********** 

void calcmarfp(char interim_06[30], char final_06[30]) 

int indexi; 

double wg_1500 max; 

double wsrv be; // best-estimate SRV flowrate (lbm/hr] 

double psrv-ref; // reference pressure for best-estimate SRV flowrate [psig] 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_06 

// and final_06), new identifiers for the streams are used to preclude 

/f a compiler error due to redefinition of variables 

ofstream inter out_-0c(interim_06, ios::app); 

ofstream final out06c(final_06, ios::app);
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// determine the best-estimate SRV flowrate. this is defined as 110% of the 

// nameplate flow 

wsrvbe = 1.10 * wsrv_name; 

interout_06c << "wsrv be = " << wsrvbe << " lbm/hr\n"; 

// determine the reference pressure for the best-estimate SRV flowrate. this is 

// defined as 103% of the nameplate pressure 

psrv-ref = 1.03 * psrvname; 

inter out 06c << "psrv_ref = " << psrv ref << " psig\n"; 

// determine the specific SRV flowrate (assuming critical flow) 

dwsrv-dprpv = wsrv be / (psrv_ref + 14.7); 

interout_06c << "dwsrv-dprpv = " << dwsrv-dprpv << " lbm/hr-psia\n"; 

// determine the maximum bundle steam flow rate 

// required to maintain PCT < 15000F 

wgl1500 -max = 0; 

for (indexl = 0; indexl < nbrfueltypes; ++indexl) 

wgl1500_max = maxfloats(wgS100_max, wgiS00[indexl]); 

// determine minimum core steam flow required to 

// maintain PCT < 1500*F 

wg core 1 = nbuns * wg_1500_max; 

inter out c 06c << wgcorel " << wgcore_l << " lbm/hr\n"; 

inter out_06c << c \n'; 

// calculate the MARFP as a function of number of open SRVs 

finalout 06c << "Minimum Alternate RPV Flooding Pressure:\n\n"; 

final_out_06c << "nsrv marfp\n'; 

final outc 06c << " [psiglin"; 

final-out-06c << setiosflags(ios::fixed); 

for (indexi = 0; indexl < nsrvads; ++indexl) 

marfp[indexl].n open = indexi + 1; 

marfp~indexl].pressure = (wgcore_l / ((indexi + 1) * dwsrv_dprpv)) - 14.7; 

final out_06c << setprecision(O) << setw(3) << marfp[indexl] .n_open; 

finalout_06c << setprecision(1) << setw(11) << marfp[indexl] .pressure << c \n' Ii 

final out_06c << c \nc ; 

final out_06c << resetiosflags(ios::fixed); 

// close output files to assure flush of file buffers 

interout 06c.closefl; 
finalout_06c.closefl; 

} // end calcmarfp 

I *************************** 

// calc mnsred function I * * **** ** * ******** 

void calc mnsred(char interim_06[301, char final_06[30]) 
{ 

int indexi; 

double hgsrv; // enthalpy of steam discharged from SRVs [Btu/lbm] 

int nsrv_1; // minimum number of open SRVs required for a 

// low-pressure ECCS pump to maintain MARFP 

int nsrv_2; // minimum number of open SRVs required for a 

// low-pressure ECCS pump to remove two-minute decay heat
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double prpvl; 

double prpv_2; 

double prpv_lpci; 

double prpvcs; 

double rhofsp; 
double wf core_1; 
double wfcore_2; 

double wg-core_2;

'I 
I
II 
II 
II

/f maximum RPV pressure at which a low-pressure ECCS 

// pump can maintain the MARFP [psig) 

// maximum RPV pressure at which a low-pressure ECCS 

// pump can remove two-minute decay heat :psigJ 

// maximum pressure at which ipci flow can maintain M.ARFP or 

/f remove two-minute decay heat [psig] 

// maximum pressure at which cs flow can maintain MA.RFP or 

// remove twomiute decay heat [psig] 

// density of water pumped from torus [Ibcmgal] 

// minimum injection flow required to maintain MARFP [gpm] 

/f minimum injection flow required to 

// remove two-minute decay heat (gp.] 

// minimum core steam flow required 

// to remove two-minute decay heat [Ibm/hr]

declare file streams for output of intermediate and final results.  

while the file streams will be attached to existing physical 

files (determined by the file names passed in through interim 06 

and final_06), new identifiers for the streams are used to preclude 

a compiler error due to redefinition of variables

ofstream interout_06d(interim_06, ios::app); 

ofstream final out_06d(final_06, ios::app); 

// determine density of water pumped from the torus 

rhofsp = I / (k3 * vpt(500, tsphctl_2_lco)); 

inter out_06d 4< "rhof-sp = 4<c rhofsp 4< " lbm/gal\n'; 

// determine minimum injection flow required to maintain MAR-P 

wfcore_l = wgcore_1 / (60 * rhofsp); 

interout_06d 4< -wfcore_l = " << wf core_l << " gpm\n"; 

// determine maximum pressure at which one LPCI 

// pump can inject wfcore_l into the RPV 

I/ lpci flow versus pressure is ordered from high flow to low flow 

// therefore, working from the last (high) index to first (low) index, 

/1 find the index of the first element with pump flow 

// greater than that which is required 

indexl = 9; 

while (lpciflow[indexl].flow < wf core_1) -- indexl; 

prpvlpci = lpci flow[indexi].rpvjpress; 

// repeat above process operating on core spray flow array 

// cs flow versus pressure is ordered from high flow to low flow 

// therefore, working from the last (high) index to first (Row) index, 

// find the index of the first element with pump flow 

// greater than that which is required 

indexl = 9; 

while (csflow[indexl].flow c wfcore_1) -- indexi; 

prpvcs = cs_flow[indexl].rpv_press; 

// the minimum RPV pressure at which any low-pressure 

// ECCS can deliver enough flow to maintain MARFP is 

// the lower of prpvlpci and prpvcs 

prpv l = min _floats(prpvjIpci, prpv_cs); 

inter out06d << "prpv_l = " << prpvl << I psig\n"; 

// determine number of open SRVs required to maintain MARFP 

// MARFP array is ordered from high to low RPV pressure 

// first find the first element of the array for which
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// the pressure (MARFP) is lower than prpvl 

indexi = 0; 

while (marfp[indexl].pressure > prpvl) ++indexl; 

// assign the corresponding number of open SRVs to nsrv_l 

nsrv-1 = marfp[indexl].nopen; 
interout_06d << "nsrv_1 = " 4< nsrv_1 << \nc ; 

// determine enthalpy of steam discharged through SRVs 

hg srv = hgsat by._p(psrv_lift + 14.7); 

inter out_06d << "hgsrv = " << hgsrv << " Btu/Ibm\n"; 

// determine core steam flow required to remove 

// two-minute decay heat 

wgcore_2 = (ki * fqdh_2 * qrxrated) / (hgsrv - hfsp); 

inter out_06d << "wgcore_2 = " << wgcore_2 << lbm/lr\nN; 

// determine minimum injection flow required 

// to remove two-minute decay heat 

wf core_2 = wgcore_2 / (60 * rhofsp); 

interout_06d << "wf_core_2 = " << wfcore_2 << ' gpm\nl; 

// determine maximum pressure at which one LPCI 

// pump can inject wfcore_2 into the RPV 

// lpci flow versus pressure is ordered from high flow to low flow 

// therefore, working from the last (high) index to first (low) index, 

// find the index of the first element with pump flow 

// greater than that which is required 

indexl = 9; 

while (lpciflow(indexl] .flow < wf_core 2) -- indexl; 

prpvlpci = Ipci flow(indexl].rpv_press; 

// repeat above process operating on core spray flow array 

// cs flow versus pressure is ordered from high flow to low flow 

// therefore, working from the last (high) index to first (low) index, 

// find the index of the first element with pump flow 

// greater than that which is required 

indexi = 9; 

while (cs flow[indexl] .flow < wfcore_2) -- indexl; 

prpvcs = csflow[indexl].rpv_press; 

prpv_2 = min _floats(prpvjIpci, prpvcs); 

inter out_06d << 'prpv_2 = " << prpv_2 <c " psig\n"; 

// determine number of open SRVs required for a low-pressure 

// ECCS to remove two-minute decay heat 

nsrv_2 = inttwgcore_2 / (dwsrvdprpv * (prpv_2 + 14.7))); 

interout_06d << "nsrv._2 = I << nsrv_2 << \no; 

inter out_06d << '\n'c 

// determine the Minimum Number of SRVs 

// Required for Emergency Depressurization 

mnsred = max int(nsrv_1, nsrv_2); 

final out_06d << "MNSRED = " << mnsred << '\n' << \nc ; 

// close output files to assure flush of file buffers
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inter out 06d.closeO; 
finalout 06d.closefl; 

// end calcmnsred 

/ * *** * *********t*** *** * **** 

// calc-msrp function /*/**********************t** 

void calc_msrp(char interim_06[30]) 

msrp = srvopen; 

// declare a file stream for output of intermediate results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through interim_06), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream interout_06e(interim_06, ios::app); 

inter out_06e << "msrp = << msrp << " psig\n"; 

inter out_06e << c\nc; 

// close output file to assure flush of file buffer 

interout_06e.closefl; 

} // end calcmsrp 

/*************************** 
// calc-mrfp function 
/ ** ************* 

void calcmrfp(char interim_06[30], char final_06[30]) 

double left side; 

double rightside; 

double prpv_10; // minimum RPV pressure at which MNSRED SRVs 

// can remove 10 minute decay heat [psig] 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim 06 

// and final_06), new identifiers for the streams are used to preclude 

/f a compiler error due to redefinition of variables 

ofstream inter out_06f(interim_06, ios::app); 

ofstream finalout_06f(final_06, ios::app); 

// determine the minimum RPV pressure at which MNSRED SRVs 

// can remove ten-minute decay heat, a quick hand-calculation 

// demonstrates that the left-hand side of the relation in Appendix C 

// is less than the right-hand side, therefore initialize the left and right 

// side for prpvlI = 0 psig and test for the first pressure at 

// which the left-hand side exceeds the right-hand side 

prpv_10 = 0; 

left side = mnsred * dwsrv_dprpv * (prpv_10 + 14.7); 

right side = (kl * fqdh_10 * qrx rated) / (hgsatby_p(prpv_10 + 14.7) - hf_sp); 

while (leftside < rightside) 
prpv_10 = prpv_10 + 0.1; 

left-side = mnsred * dwsrv dprpv * (prpv_10 + 14.7); 

rightside = (kl * fqdh_10 * qrx_rated) / (hgsat.byp(prpv lo + 14.7) - hfsp); 

// subtract 0.1 from prpv 10 to bring pressure back to value for
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// which left side of inequality is just below right side 

prpvlI0 = prpv_10 - 0.1; 

inter out 06f << "prpv_10 = " < prpv10 << " psig\n"; 

interout_06f << '\n'; 

// determine MRFP 

mrfp = maxfloats(msrp, prpv 10); 

finalout_06f << "MRFP = " << mrfp << " psig\n\n"; 

// close output files to assure flush of file buffers 

interout_06f.close(); 
finalout_06f.closeo; 

I end calcmrfp 

/ *************************** 

// calc_mcfi function 
* /**** ***** **** ******k*** *** 

void calcmcfi(char interim_06[30], char final_06(30]) 

int indexi; 

double crpvtaf; // heat capacity ot RPV below TAF [Btu/*F] 

double ccore; // heat capacity of the core [Btu/OF] 

double tsrv; // RPV temperature at lowest SRV lifting point [OF] 

double tmrfp; // RPV temperature at the MARFP [(F] 

double z1, z2, z3; // quantities defined in Appendix C 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_06 

// and final_06), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables 

ofstream inter out 06g(interim_06, ios::app); 

ofstream final out 06g(final_06, ios::app); 

// determine the heat capacities of the RPV and core 

crpvtaf = csteel * mrpvtaf; 

inter out_06g << "crpvtaf = - << crpv_taf << " Btu/°F\n"; 

ccore = (c clad * mclad) + (c-fuel * mfuel); 

interout_06g << *ccore = " << ccore << " Btu/*F\n"; 

// determine RPV temperature at lowest srv lift point 

tsrv = tsat(psrv lift + 14.7); 

inter out_06g << "tsrv = * << tsrv << "«Fkn"; 

// determine RPV temperature at MARFP 

tmrfp = tsat(mrfp + 14.7); 

inter out_06g << "tmrfp = " << tmrfp << "eF\n*; 

// calculate quantities zl and z3 as defined in App. C 

zi = (kl * qrx-rated * (fqdh_10 - fqdh_100)) / (3 * (hgsatbyp(mrfp + 14.7) - hf-sp)); 

interout_06g << "zl = << zI << '\nl; 

z3 = (ccore * (1500 - tmrfp) + crpvtaf * (tsrv - tmrfp)) / (hfsp - hgsat by_p(mrfp + 14.7)); 

z3 = z3 - (vrpvtaf / vgsatbyp(mrfp + 14.7)); 

interout_06g << "z3 = << z3 << *\n'; 

inter_out_06g << I\n'; 

// calculate z2 and mcfi, which are functions of the
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// number of open SRVs 

finalout_06g << 'Minimum Core Flooding Interval:\n\n"; 

final_out 06g << "nsrv z2 mcfi\n"; 

final_outO6g << [min.]\n"; 

finalout_06g << setiosflags(ios::fixed); 

for (indexl = 0; indexi < (nsrvads - mnsred + 1); ++indexl) 

mcfi(indexl] n open = int(mnsred)+ indexi; 

z2 = mcfi[indexl].nopen * dwsrv_dprpv * (mrfp + 14.7); 

z2 = z2 - C(kl * fqdhl0 * qrx rated) / (hgsatby_p(mrfp + 14.7) - hfsp)); 

mcfi[indexl].time = 30 * (sqrt((z2*z2) (4 * z1 * z3)) - z2) / z1; 

if (mcfi(indexl] -n_open == nsrvads) 
mcfinads = mcfi[indexl.time; 

final_out_06g << setprecision(O) << setw(3) << mcfi[indexl).n_open; 

finalout_06g << setw(ll) << z2; 

finaloutO6g << setprecision(l) << setw(9) << mcfitindexl) time << c\nc; 

final_out 06g << resetiosflags(ios::fixed); 
final_out_06g << c\nc; 

// close output files to assure flush of file buffers 

inter out_06g.closeO; 
finalout_06g.closeO; 

} // end calc-mcfi 

I ************************** 

// calc mcutl function / *** ************* 

void calc_mcutl(char final_06[30]) 

int indexi, index2; 
t t mcutlmin[9]; 

// declare a file stream for output of final results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through final_06), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream final out_06h(final_06, ios::app); 

// find the limiting values of tcu_15 

indexl = 0; 
for (index2 = 0; index2 < 9; ++index2) { 

mcutl rmin[index2] .t_sd = tto_1500[indexl].tsd[index2]; 

mcutl-min[index2l .tcu_15 = tto_1500 (index1] .t-cu_15(index2]; 

for (indexl = 1; indexi < nbr_fuel_types; ++indexl) 

for (index2 = 0; index2 < 9; ++index2) { 

mcutl minfindex2] .tcu_15 = minfloats(mcutlmin[index2].t-cu-15, 
t to_1500 (indexl] . tcu_15 [index2] 

// initialize mctul(] at 0 

for (indexi = 0; indexI < 9; ++indexl) 

mcutl[indexl] .tsd = 0; 

mcutltindexl].t _cu_15 = 0; 

// find the first element of mcutl min for 

// which t sd is longer than mcfiynads
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indexl = 0; 
while (mcutlmin[indexl].t_sd < mcfinads) ÷+indexl; 

// get the index of the element of mcutl_min 
// immediately before indexi, this allows mcfiads 

// to be bracketted 

index2 = indexi - 1; 

// set mcutl[index2] .t_sd to mcfinads 

mcutl(index2].t_sd = mcfinads; 

// interpolate on mcutl_min to find tcu 15 at mcfiads 

mcutl[index2).tcu 15 = interpolate(mcutlmin[index2] .tsd , mcutlminhindexl].tsd, mcfinads, 
mcutlmin[index2].tcu_15, mcutlmin(indexl].tcu_15); 

// fill the rest of the mcutl array with the values obtained from mcutl min 

for (index2 = indexl; index2 < 9; ++index2) { 
mcutlfindex2].t_sd = mcutlminfindex2 .t_sd; 

mcutl[index2].tcu_15 = mcutlmin(index2].tcu 15; 
} 

finalout_06h << "Maximum Core Uncovery Time Limit:\n\n"; 

finalout_06h << " t sd tcu 15\n"; 
final out 06h << "[min.] [min.]\n"; 
final out_06h << setiosflags(ios::fixed); 
for Uindexl = 0; indexl < 9; ++indexl) { 

final out 06h << " 1; 
final out 06h << setiosflags(ios::left); 

final out_06h << setprecision(l) << setw(6) << mcutl[indexl].t sd; 

final out 06h << resetiosflags(ios::left); 
finalout_06h << setprecision(2) << setw(9) << mcutl[indexl].tcu_15 << «\nl; 

final out 06h << resetiosflags(ios::fixed); 
finalout_06h << «\nl; 

// close output file to assure flush of file buffer 

finalout_06h.closeo; 

) // end calcmcutl 

/*************************** 
// calc mscrwl function /***** *i* *** * **** ****** 

void calc mscrwl(char final_06(30]) 

int indexl; 
double mscrwlmax; // Maximum Minimum Steam Cooling RPV Water Level 

// for all fuel types 

// declare a file stream for output of final results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through final 06), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream finalout_06i(final_06, ios::app); 

mscrwl-max = wlrpv_baf; 
for (indexl = 0; indexl < nbrfuel_types; ++indexl) 

mscrwl = wlrpvbaf + ((fafl_15(indexl] * lfuel[indexl]) / 100); 

mscrwlmax = max floats(mscrwl, mscrwlmax);
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finalout_06i << "MSCRWL = << mscrwl max << " in.\n\n"; 

// close output file to assure flush of file buffer 

finalout_06i.closeO; 

} // end calcmscrwl 

/ *t** ** ******* ******* **** *** 

// calc mzirwl function 

void calcmzirwl(char final_06[30]) 

int indexl; 
double mzirwl max; // Maximum Miniuam Zero-Injection RPV Water Level 

// for all fuel types 

// declare a file stream for output of final results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through final_06), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream finalout_06j(final_06, ios::app); 

mzirwl max = wlrpv_baf; 

for (indexl = 0; indexl < nbrfuel_types; ++indexl) 

mzirwl = wlrpv_baf + ((fafl 18[indexl] * lfuel[indexl]) / 100); 

mzirwlmax = maxfloats(mzirwl, mzirwlmax); 

final out_06j << ,MZIRWL = << mzirwlmax << " in.\n\n"; 

// close output file to assure flush of file buffer 

final out_06j.closefl;

) // end calc mzirwl
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// boron.h: 
// This 
// 
I, 
//
II 
I
II 

I
II

file contains the instructions required to compute 

CSBW, Cold Shutdown Boron Weight 

HSBW, Hot Shutdown Boron Weight 

BIIT, Boron Injection Initiation Temperature

the following

The methods used are established in BWROG, Emergency Procedure 

Guidelines / Severe Accident Guidelines (EPGs/SAGS) Appendix C, 

Rev. 1, dated July, 1997.

This code was written to conform to the 

Visual C++.

II 
// Author: 
/I Copyright: 
// Version:

syntax required by Microsoft

Dave Burch 
1998 
1.0

// STRUCTURE DECLARATION 

/1 
1* * ******* ********** ********

struct t q ( 
double tsp; 
double qrx;

// pool temperature [OF] 
// reactor power [%J

// 
// VARIABLE DECLARATIONS 

/1 
/ *** ***********************

csbw; 
fbl0 nat wt; 
fbllslc; 
fbl0_sicwt; 
vf sic; 
hsbw; 
xb_cld; 
xbhot; 
delta tk Ivl; 

sic tk area; 
biit [4]; 
interim_07 [30]; 
final_07 [30];

II 
II 

I
II 
I
I
1I 
II 
II 
II 
II

Cold Shutdown Boron Weight [Ibm] 

weight fraction of naturally occurring B-10 isotope 

nuclidic abundance of B-11 isotope in SLC tank 

weight fraction of B-10 in SLC tank 

specific volume of water from the SLC tank [ft3/lbm] 

Hot Shutdown Boron Weight [ibm] 

cold shutdown boron requirement for SLC tank (ppm] 

hot shutdown boron requirement for SLC tank (ppm] 

change in indicated sic tank level per change in 

change in solution level [%/in.] 

sic tank surface area [ft2] 

storage for points on the BIIT curve 

file name for storage of intermediate results 

file name for storage of final results

// FUNCTION PROTOTYPES 
//

// function to initialize values which remain fixed throughout calculation 

void initboronvalues(char interim_07[303); 

// function to sequence other modules used in boron variable calculations 

void sequence-boron(char interim_07(30], char final_07[30]); 

// function to calculate the Cold Shutdown Boron Weight 

void calccsbw(char interim_07[30], char final_07(30]); 

// function to calculate the Hot Shutdown Boron Weight

double 
double 
double 
double 
double 
double 
double 
double 
double 

double 
t_q 
char 
char
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void calc_hsbw(char interim_07(30], char final_07[30]); 

// function to calculate the Suppression Chamber Spray Initiation Pressure 

void caic_biit(char interim_071301, char final_07(30]); 

/ init borcn values function 

void initboronvalues(char interim_07(30]) 

const double pi = 3.1415926535; // numeric constant 

// determine weight fraction of B-10 in naturally occurring boron 

fblo0_nat wt = (fblO nat * mblo) / ((fbIO nat * mblo) + (fbll nat * mbil).; 

// determine nuclidic abundance of B-11 as a fraction of of all boron in the SLC tank 

fbillsic = I - fblO0slc; 

// determine weight fraction of B-10 as a fraction of all boron in the SIC tank 

fblO slc wt = (fblO_slc * mblO) / ((fblO_slc * mbl0) + (fbll_slc * mbll)); 

// determine sic tank surface area [ft2] 

slc_tkarea = pi * slc tk dia * slc tk-dia / 4; 

// determine change in indicated tank level per change in tank level [%/in.] 

deltatk lvi = slc-tk lvloutspan / slctk_lvl in span; 

// determine specific volume of water in SLC tank (ft3/lbm] 

vf slc = vpt(1000, tslc); 

// declare a file stream for output of intermediate results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through interim_07), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream inter out_07a(interim_07, ios::app); 

inter out 07a << setiosflags(ios::fixed) << setprecision(4); 

inter out_07a << "fblOnatwt = " << fblOnatwt << '\n'; 

interout_07a << "fbll_slc = * << fbll_slc << '\nl; 

inter out_07a << "fblO slc wt = «< fblO_slc_wt << '\n'; 

inter out 07a << "delta tk-lvl = < delta tk Ivl v < " %/in.\n"; 

inter out_07a << setprecision(3); 

inter out_07a «< "SLC tank surface area: " << slctkarea << I ft2\nl; 

inter out_07a << setprecision(5) << "vf_slc = << vf_slc << " ft3/lbn\nl; 

inter out_07a << resetiosflags(ios::fixed); 

// close file to assure file buffer is flushed 

interout_07a.closeo; 

) end initboron values 

I* * *** ** * *** *** ***** **** **** 

// sequence-boron function 

v c************************ 

void sequence boron(char interim_07(30]. char final_07(30])
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cout << "calculating variables related to boron\n\n" << flush; 

// declare file streams for otnzut of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_07 

// and final_07), new identif'ers for the streams are used to preclude 

// a compiler error due to reaefinition of variables 

ofstream inter out 07b(interi7_37, ios::app); 

ofstream finalout_07b(final_C-, ios::app); 

// write headers to files 

interout_07b << "Boron related parameters, intermediate results:\n\n"; 

finalout_07b << "Boron relate-d values, final results:\n\n"; 

// close files to assure file buffers are flushed 

interout 07b.closefl; 
final out_07b.closeO; 

init boron values(interim 07); 

calc csbw(interim_07, finalC7); 

calchsbw(interim_07, final C7); 

calc_biit(interim_07, final_-.); 

// end sequence-boron 

* *** ***t******************** 

// calccsbw function 
/ ***t*********** ******** 

void calc csbw(char interimC2r30J, char final_07[30]) 

double delta tk cld; // change in SLC tank level corresponding to CSBW 

double deltaslccld; // change in indicated SLC tank level 

// czrresponding to CSBW 

// determine SLC tank boron concentration required for CSBW 

xb cld = xb cld nat * fblO oat wt / fbloslcwt; 

// determine CSBW in lbm 

csbw = xb cld * mf rpv cld / le6; 

// determine change in tank level [in.] corresponding to CSBW 

delta tk cld = (csbw * le6 - vfslc * 12) / (xb_slc * slc tkarea); 

// determine change in indicated tank level [i] corresponding to CSBW 

deltaslc cld = delta tk cld * delta tk lvl; 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim 07 

// and final 07), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables 

ofstream inter out_07c(interim 07, ios::app); 

ofstream final out_07c(fina _07, ios::app);
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// wrire results to approprtato filos 

inter out_07c << setiostlagstios::tixed) << setprecision(4); 
inter_out_07c << ,xb old = " << xb cld << " ppm\n"; 
inter out 0To cc setprecision(2); 
inter out 07c << "deltatk ICld = c << delta tk cld << - in.\n"" 

interout_07c << resetiosfiags(ios::fixed): 

final out 07c << secioaflaga(ios;:fixed) << setprecision(l); 
final out_07c << "CSBW = - <c csbw << l ibm\n"; 

final out_07C << "change in tank level to inject CSBW 
final_out_07C << delLa sic old < " %\L,"; 
finalout_0Tc << resetiosflags(ios::tixed); 

// close files to assure file buffers arc flushed 

inter out 07c.close(); 
final out-07c.cloce{); 

)/ end calc-csbw 

// calc_hsbw function 

void calc_habw(char interim__07(30], char final_07[30]) 

double delta tik hot; // change in SLC tank level corresponding to ILSIW 

double delta sic hut; // change in indicated SLC tank level 
// corresponding to HSBW 

// determine SLC tank boron concentration required for HSBW 

xbhot - xb-hoc.nat , fblo nat wt / fbio-slc_wt; 

// determine HSBW in ibm 

hsbw = xb hot * mfrpv hoc / le6; 

// determine change in tank level (in.] corresponding to HSBW 

delta tk hot = (habw * le6 * vf-slc * 12) / (xbtslc * slc-tkcarea); 

// determine change in indicated tank level [VI corresponding to HSNW 

delLa slc hot = delta tkihot A delta tk ivl; 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existlng physiual 
// files (determined by the file names passed in through interim 07 
// and final_07), new identifiers for the streams are used to preclude 
// a compiler error due to redefinition of variables 

ofatream inter out 0"7d(interim_07, i0s: :app); 
ofatream final-out 07d(final_07, ios::app); 

// write reaults to appropriate files 

inter out 07d <c setiosflaga(ios::fixed) << setprecision(4]; 
interout 07d << "xb_hot = " << xb-hot << " ppm\n"; 

interou._07d << setprectsion(2); 
inter out 07d << "delta -tkhot - " -< delta-tkihot << c in.\n"; 

interout_07d << resetiosflags(ios::tixed); 

final out 07d << setiosflags(ios::fixed] << setprecision(l); 
final_out 07d << "HSBW = " << hsbw << " Ibm\n"; 
finalout_07d << "change in tank level to inject HSBW = 

final out 07d << deltaslc hot << "%\n\nm;
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finalout_07d << resetiosflags(ios::fixed); 

// close files to assure file buffers are flushed 

interout 07d.close(); 
final out_07d.closeU; 

// end calchsbw 

/ ** ****** ** ** ********* **** * 

// calc_biit function 
I ********* *tt************** 

void calc biit(char interim_07[30], char final_07[30]) 

int indexi, index2; 

double wb; // boron injection rate [lbm/min.] 

double t hsbw; // time to inject HSBW [hr] 

double hf_cst; // enthalpy of CST water [Btu/lbm] 

double hgsrv; // enthalpy of steam discharged through SRVs [Btu/lbm] 

double tsphctl-liml; // limiting HCTL high pressure endpoint temperature [OF] 

double hsphctljliml; // enthalpy of water at 15 psia and tsphctl limi [Btu/lbmJ 

double mfsp lco; // mass of water in torus with water level at TS minimum [Ibm] 

double zi; // defined quantity from Appendix C 

double vsp; // torus water volume at TS minimum LCO water level [ft3) 

// determine boron injection rate 

wb = (wslc * xbslc) / (le6 * k3 * vfslc); 

// determine time to inject boron 

thsbw = hsbw / (60 * wb); 

// determine enthalpy of CST water 

hfcst = hpt(1000, tcst); 

// determine enthalpy of steam discharged from SRVs 

hg-srv = hgsat byp(psrvjlift + 14.7); 

// determine limiting HCTL high pressure endpoint temperature 

tsphctllimi = minmfloats(tspR.hctl_1_lo, tsp_hctl_lhi); 

// determine mass of water in torus with water level at the minimum 

// torus water level LCO and temperature at TS limit for scram 

indexi = 0; 

while (vtorus[indexl].wlsp < wlspminlco) ++ indexi; 

if (vtorus[indexi].wlsp == wlsp minlco) vsp = vtorus(indexl].vsp; 

else ( 

index2 = indexi - 1; 

vsp = interpolate(vtorus[index2].wlsp, vtorus[indexl].wlsp, wisp minlco, 

vtorus[index2].vsp, vtorus[indexi].vsp); 

mfsplco = vsp / vpt(15, tsp scram); 

hsphctliml = hpt(15, tsp hctl_liml); 

// determine zi, as specified in Appendix C 

zi = Ct_hsbw * (hgsrv - hsp hctl_limi) * qrxrated * ki); 

zi = zi / (100 * mfsplco * (hgsrv - hf cst)); 

// determine temperature defining BIIT at power
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// levels less than 10 minute decay heat 

biit[0] .tsp = tsp hctl liml - (100 * zl * fqdh_10); 

biit[1] .tsp = biit(0] .tsp; 

// biit[0] .qrx is by definition 0 

biit[0] .qrx = 0; 

// determine percent power corresponding to 

// to 10 minute decay heat and assign to biit[lJ .qrx 

biit(l] .qrx = 100 * fqdh_10; 

// determine power at which HSBW will not lead to shutdown 

/f before TS requires scram on pool temperature 

biit[2] .qrx = (tsphctl_liml - tspscram) / zi; 

// by definition, pool temperature at this power is tspscram 

biit[2] .tsp = tsp scram; 

// by definition, biit will only be graphed to 20% power, tsp scram 

biit[3].tsp = tspscram; 
biit[3] .qrx = 20;

'I 
'I 
Il 
/1 
/,

declare file streams for output of intermediate and final results.  

while the file streams will be attached to existing physical 

files (determined by the file names passed in through interim 07 

and final 07), new identifiers for the streams are used to preclude 

a compiler error due to redefinition of variables

ofstream interout_07e(interim_07, ios::app); 

ofstream finalout_07e(final_07, ios::app); 

// write intermediate results to file 

inter out_07e << setiosflags(ios::fixed); 

inter out 07e << setprecision(3) << "wb = " << wb << " lbmt/in.\n"; 

inter out_07e << "t hsbw = " << thsbw << " hr\n"; 

interout_07e << setprecision(2) << "hfcst = " << hfcst <c Btu/lbm\n"; 

inter out07e << setprecision(l) << "hgsrv = " << hg srv << Btu/lbm\n"; 

inter outl07e << setprecision(l) << 'tsphctljliml = R << tsp_hctl_limi << "cF\nc; 

interout_07e << setprecision(0) << "mfsplco = " << mf_splco << lbm\n"; 

interout_07e << setprecision(3) c< "zl = " << zc << '\n'; 

interout_07e << resetiosflags(ios::fixed); 
interout 07e << '\n'; 

// close file to assure file buffer is flushed 

inter out_07e.close{); 

// write final results to file 

final out_07e << setiosflags(ios::fixed); 

final out Ole c< "Boron Injection Initiation Temperature:\n\nf ; 

final out 07e << "power biit\n"; 

final out 07e << 0 M ["F]\n'; 

for (indexl = 0; indexl < 4; ++indexl) 

final out Ole <c setprecision(2) << setw(5) <c biit[indexl].qrx; 

final out 07e << setprecision(l) 4< setw(9) << biit[indexl].tsp; 

final out_07e << '\n'; 

finalout_07e <<c \nc; 

final out_07e << resetiosflags(ios::fixed);
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// close file to assure file buffer is flushed 

final out_07e.closeU; 

1 // end calc-biit
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// 
// 
1/ 
I, 
I, 
'I 
// 
// 
1/ 
// 
// 
// 
// 
// 
I' 
'I 
/1

Author: 
Copyright: 
Version:

Dave Burch 
1998 
1.0

/ *t******** *************** // 
// STRUCTURE DECLARATIONS 
// 

// data describing points on PSP curve

struct p l( 
double pressure; 
double level; 

};

// RPV pressure [psig] 
// torus water level Eft]

/w wrapper for hftap (allows use of assignment statement 

// visual C++ compiler generates errors when a bare array 

// used for hftap.

in calc psp(o).  of double is

strict waterover_tap 
double hf_tap; 

strict int res 
double pnsc-dw; 

double dpscdtsc;

double 
double 
double 
double

pg_hp; 
pglp; 
pschp_l; 
pschp_2;

double zl; 
double pscsrv; 

double psc lim;

// head of water above torus pressure instrument tap (ft] 

// partial pressure of dry gas (N2 or air) originating 

// in drywell normalized to 100 OF using ideal gas law 

// when in torus airspace (psial 

// rate of change of pressure with temperature of nitrogen 

// or air in the torus [psia/OR] 

// partial pressure of water at tsp hctli [psia] 

// partial pressure of water at tsphctl_2 [psia] 

If pressure (maximum) of torus at tsphctl_1 [psig] 

// pressure (maximum) of torus at tsphctl_1 such 

// that increase to tsphctl_2 will not cause pressure 

// in excess of ppclima [psig] 

// quantity calculated in accordance with Appendiz C 

// maximum torus pressure such that SRV actuation will 

// not result in loads above psp_des [psig] 

If maximum of pschp.1, pscbhp_2 or psc-srv [psig]

/ /t*********** **********~~ 
// 
// VARIABLE DECLARATIONS 

'I 
1* ****** **** ******* ** *****

// storage for intermediate results of PSP calculation

psp h: 

this file contains the instructions required to compute the PSP, the 

lesser of: 
- The highest torus pressure which can occur without steam in 

the airspace.  
The highest torus pressure at which initiation of RPV 

depressurization will not result in exceeding PCPL-A before 

RPV pressure drops to the Minimum RPV F:ooding Pressure.  

- The highest torus pressure which can be r.aintained without 

exceeding the torus boundary design load if SRVs are opened.  

The methods used are established in BWROG, E--ergency Procedure 

Guidelines / Severe Accident Guidelines (EPsSSAGs) Appendix C, 

Rev. 1, dated July, 1997.  

This code was written to conform to the syT.ntax required by Microsoft 

Visual C++.

I

II 
II

int-res to_Psp [II];
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1pl psp [ 2 1] ; 
waterover_tap htap[21i; 

c:ar interim 08[30]; 
:har final_08 (30);

I/ 
I/ 

II

storage for results of PSP calculation 
array to hold hftap values 

file name for storage of intermediate results 
file name for storage of final results

FUNCTION PROTOTYPE 
// 
********* *********** ** ****** 

// function to calculate the Pressure Suppression Pressure 

void calc_psp(char interim 08[30], char final_08[30]); 

** ***** *f***********o**** 

// calcjsp function 
***** **********************

void calc_psp(char interim_08[30], char final_08(30])

int indexl, index2;
double 
double 
double 
double

wlsplim; 
pg_dw; 
pg sc; 
pndw-dw;

double pnsc_sc; 

double vfflood; 

double dpspdwlsp; 

double levelfloat;

// limiting torus water level [ft] 
// partial pressure of water vapor in drywell (psia] 

// partial pressure of water vapor in torus [psia] 

// partial pressure of dry gas (N2 or air) originating 

// in drywell normalized to 100 OF using ideal gas law 

// when in drywell (psia] 
// partial pressure of dry gas (N2 or air) originating in 

// torus airspace normalized to 100OF using ideal gas law 

// when in torus airspace (psia] 

// specific volume of water in torus when containment 

// is flooded (ft3/lbm] 
// rate of change of pressure on submerged components 

// with change of containment water level [psig/ft] 

// variable to hold value '0' when calculating htap[] .hf_tap

cout << "calculating psp\n\n" << flush; 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_08 

// and final_08), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables 

ofstream inter out 08(interim_08, ios::app); 

ofstream finalout_08(final_08, ios::app); 

inter out_08 << "PSP calculation, intermediate results:\n\n"; 

// determine (lower) limiting torus water level 

wlsp lim = hdco - hsp_ref; 

// determine pg dw and pg sc, assuming 100% relative humidity 

// spaces at maximum temperature for normal operation 

pgdw = psat(tdw maxop); 

pgsc = psat(tsc-maxop); 

// calculate pndw dw and pnscsc using ideal gas law 

pndw dw = ((pdw minop - pgdw + 14.7) * 559.69) / (tdwjmaxop + 459.69); 

pnsc~sc = ((psc-minop - pg sc + 14.7) * 559.69) / (tsc-maxop + 459.69); 

// calculate specific volume of water in torus when flooded.  

// contrary to Appendix C calculation, vf flood will be obtained 

// from subcooled water properties at tsp-flood and atmospheric
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// pressure [15 psig], since it is unlikely that cold, saturated water 

// will be pumped into the containment.  

vf flood = vpt(15, tsp flood); 

// calculate rate of change of pressure with 

// level of submerged portions of containment 

dpspdwlsp = 1 / (144 * vfflood); 

// write intermediate results to file 

interout 08 << setiosflags(ios::fixed); 

inter out_08 << setprecision(
2 ) << -wlsplim = c wlsp lim << ft\n"; 

inter out 08 << setprecision(
3 ) <c "pg_dw = " << pgdw << psia\n"; 

inter out 08 << setprecision(
3 ) << "pgsc = " << pg sc << " psia\n"; 

inter out_08 << setprecision(
2 ) << -pndw dw = I << pndw-dw << " psia\n"; 

inter out 08 << setprecision(
2 ) << "pnsc_sc = " << pnscsc << c psia\n"; 

inter out 08 << setprecision(4) << "vfflood = << vfflood << ' ft3/lbm\n"; 

interout_08 << setprecision(4) << "dpsp dwlsp = " << dpsp_dwlsp << " psi/ft\n\n"; 

// calculate parameters which change with torus water level 

// for levels between the downcomer opening and the 

// elevation of the vent header 

for (indexl = 0; indexi < 11; ++indexl) 

topsp [indexi].pnsc dw = (pndwddw * vdw) / vtorus [indexi].vsc-air; 

tojpsptindexl].dpsc-dtsc = (pnscsc + to psp[indexl] .pnsc-dw) / 559.69; 

to psp[indexl] .pghp = psat(tsphctl_l [indexil); 

to_psp[index1] .pg_Ip = psat (tsp_.hctl_2 [indexl] ) ; 

tospsp[indexl] .psc-hp_l = ((tsphctli[indexl] + 459.69) * to_pspfindexi].dpsc dtsc) 

+ tojpsplindexl].pg_hp - 14.7; 

to psp[indexl] .zl = (tsphctljl[indexl] + 459.69) 

/ (tsphctl_2(indexl] + 459.69); 

to_psp[indexl] .pschp_2 = to_psp(indexl].zl * (pcplto_calcs[indexl] 

- to_pspfindexl] .pglp + 14.7) + to psp[index1J .pg_hp + 14.7; 

to psp[indexl] .pscsrv = psp_des - pspsrv - (dpspvdwlsp * (vtorus~indexl] .wlsp 

- wlspsrv)); 

tospsp(indexh].psc lim = min floats(to_psp[indexl].pscQhpFl, to psp[indexl].psc_hp_2); 

tojpsp[indexi] .psclim = min-floats (tospsp[indexil .psclim, topsp indexi) .pscsrv); 

// assign values to PSP as a function of torus water level 

// this section of code uses a bit of trickery, in that it 

// is necessary for hdco to be between 9 and 10 ft (9.58 ft at 

// JAF) and for mpspcwl to be between 17 and 18 ft (17.85 ft 

// at JAF) for it to function properly, since hdco and mpspcwl 

// are not likely to change (at least significantly, further 

// effort to generalize the code for this go around is 

// not warranted 

for (indexi = 0; indexl < 21; ++ indexl) 

index2 = indexi - 9; 

// psp for levels below hdco is O, corrected for the 

// hydrostatic head of water above the pressure instrument tap 

if (index2 < 0) { 
psptindexi].level = indexi + 1; 

h tap[indexi].hf tap = psplindexh].level - hsc_tap + hspref; 

level-float = 0; 

h_tap[indexi] .hftap = max_floats(level_float, hbtap[indexi].hf tap); 

psp[indexi].pressure = dpspdwlsp * h tap[indexl].hftap; 
} 

// psp for levels between hdco and mpspcwl is psc_lim0 corrected for 

// the hydrostatic head of water above the pressure instrument tap
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if ((index2 >= 0) && (index2 < 11)) ( 

psp[indexl].level = vtorus[index2].wlsp; 

h_tap(indexl].hftap = psp(indexl) .level - hsc_tap + hspref; 

level float = 0; 

h_tap indexi] .hftap = max-floats(leveljfloat, h tap(indexl] .hf_tap); 

psp[indexl].pressure = to psp(index2].psc_lim 
+ dpspdwlsp * htap[indexl] .hftap; 

// psp for level above mpspcwl is 0 

if (index2 == 11) { 
psp[indexl].level = 18; 

psptindexil] .pressure = 0; 

// write intermediate results which are a 

// function of water level to file

interout_08 - " 
interout_08 << 
interout_08 << 
inter out 08 << 
for (indexl = 0; 

inter-out_08 
inter-out-08 
inter-out-08 
inter-out-08 
inter-out-08 
inter-out-08 
inter-out-08 
inter out_08 
inter out_08 
inter out_08

wlsp vscair pnsc-dw dpscdtsc tsphctll'; 

tsphctl_2 pghp pglp pscbhp_l\n*; 

[ft] [ft3] [psia] [psia/OR] [°F] *; 

[OF] [psia] [psia] [psig]\nl;

cc 
cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc

setprecision(2) 
setprecision(O) 
setprecision(2) 
setprecision(4) 
setprecision(l) 
setprecision(l) 
setprecision(2) 
setprecision(2) 
setprecision(2) 
'\nl;

interout_08 - \nc ; 
interout_08 << * wisp 2 

inter out 08 << " [ft] 

for (indexi = 0; indexl < 

inter out_08 << setprE 

interout_08 << setpr( 

inter out_08 << setprf 

inter out 08 << setprE 

inter out_08 << setprE 
inter out_08 << setpr4 

inter out_08 << setpr' 
interout_08 << c \nc ; 

interout_08 << c \nc ;

Jndexi ~ c csetwinex) ( )

cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc

:1 ppclim-a 
[psig] 

11; ++indexl) 
ecision(2) << 
ecision(2) << 
ecision(2) << 
ecision(2) << 
ecision(2) << 
ecision(2) << 
ecision(2) <<

setw (5) 
setw(9) 
setw (8) 
setw(1l) 
setw(ll) 
setw(12 
setw(9) 
setw (8) 
setw (9)

<< vtorustindexll .wlsp; 
<< vtorus[indexl] .vscair; 

<c topsp[indexl].pnscdw; 
.<< to_psp[indexl] .dpsc-dtsc; 

<< tsphctl_l[indexl]; 
<< tsp hctl_2[indexlJ; 

<< to_psp[indexl] .pghp; 

<e to_psp[indexl].pglp; 
<< to_psp(indexl] .psc_hp_l;

pschp_2 pscsrv psc lim hftap\n"; 
[psig] (psig] (psig] [ft]\n";

setw (5) 
setw(6) 
setw(9) 
setw (11) 
setw (9) 
setw (9) 
setw (8)

<< vtorus [indexl] .wlsp; 
<< to_psp[indexl] .zl; 

<< pcpl-tocalcs (indexl]; 

<< to_psp[indexl] .pschp_2; 

<< tospsptindexl] .psc_srv; 

<< toSpsp(indexl] .psc lir; 

<< h tap [indexl] .hftap;

inter out_08 << resetiosflags(ios::fixed); 

// close file to assure file buffer is flushed 

interout_08.closeO; 

// write final results to file 

final out 08 << "Pressure Suppression Pressure:\n\n"; 

final-out-08 << setiosflags(ios::fixed); 
final out_08 <c wisp psp\n"; 

final out_08 << ' [ft] [psig]\n"; 

for (indexi = 0; indexl < 21; ++indexl) 

final out_08 << setprecision(2) << setw(S) << pspfindexl] .level; 

final-out08 << setprecision(l) << setw(9) << psptindexll.pressure; 

finalout_08 << ,\nc;
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finalout_08 << c\nc; 

finalout_08 << resetiosflags(ios::fixed) 

// close file to assure file buffer is flushed 

final out 08.closeO; 

I // end calcpsp
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// dwsil.h: 
// This code calculates the Drywell Spray Initiation Limit 

// and Minimum Drywell Spray Flow. The methodolgy 

// used is that presented in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs), 

// Appendix C, Rev. 1, dated July, 1997.

This code was written to conform to the 
Visual C++.

// Author: 
/f Copyright: 
// Version:

syntax required by Microsoft

Dave Burch 
1998 
1.0

* ***oo.******************* I, 
// STRUCTURE DECLARATION 
// 
/ ****t*..* otoo* * o*o** *o******

struct pt { 
double pressure; 
double temperature; 

1;

// pressure-temperature couples

/ **oo*oooooooo***00*000000*0 
// 
// VARIABLE DECLARATIONS 
// 
****ooooo******oo*********** 

// generic parameters required by this calculation, calculated in function 

// evapdrop, defined within subsequent code

dpevap; 
pdw; 
tdwevap;

II II 
II 
II 
II

evaporative cooling pressure drop (psid] 
initial pressure input into calc evapdrop, [psig] 

initial drywell temperature for which spray initiation 

at corresponding initial pressure, p1 will produce a given 

evaporative cooling pressure drop, dpevap. [OF]

// variables used by multiple modules within this code

pt tdw_min [60] ; 

pt tdwscram[60]; 

pt tdw cap[60J;

pt 
pt

dwsil (60] ; 
dwsileop [60];

// minimum drywell temperature as a function of pressure 
// for all dry nitrogen in the drywell, from ideal gas law [OF] 

// drywell temperature which will prevent evaporative 

// cooling pressure drop from lowering pressure below 
// scram setpoint [OF] 
// initial drywell temperature which will prevent evaporative 

// cooling pressure drop from lowering pressure below 

// drywell to wetwell negative pressure capability [OF] 

// result of the dwsil calculation 
// dwsil for use in eops

int n tdw scram; // number of tdwscram values calculated 
int n tdw cap; // number of tdw cap values calculated 

int ndwsil; // number of dwsil values stored 

int n_dwsil eop; // number of dwsil-eop values stored 

char interim 09[30]; // name of file to store intermediate results 

char final_09[30] ; // name of file to store final results 

/F 
// FUNCTION PROTOTYPES 
// 
/o**** **0* ***** 00*00******

// function which calculates tdwevap

II 'I 
II 
II

double 
double 
double
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double calc_evapdrop(double dpevap, double pdw); 

// function which calculates dwsil 

void calc_dwisl(char interim_09[30], char final_09(30] 1; 

// function which calculates MDSF 

void calc mdsf(char final_09[30]); 

/ *** ***** ***************** 

// calc_evapdrop function 
***** ********* ******* 

double calcevapdrop(double dpevap, double pl) 

S__ . .1 A^.I .- e •nnnrtant for i

const double RN = 55.1; 

const double CPN = 0.248;

double tspray = 32; 
double tl, t2; 
double hfspray; 
double rside, lside;

// /
// 
//

nitrogen (ft-lbm/ibmo-R)

// specific heat of nitrogen [Btu/lbm-oR] 

minimum temperature of spray water [CF] 

initial and final temperat•ires (OF] 

enthalpy of sprayed water :Btu/Ibm] 

intermediate results

// get enthalpy of spray water, given Appendix C pressure of 500 psia 

hfspray = hpt(500, tspray); 

// set initial values of rside and lside to ensure ccndition evaluated 

// by 'while' is true for the first execution 

rside = 0; 
lside = 0; 

// set final drywell temperature at temperature of the spray, 

// since that is the lowest value physically possible 

t2 = tspray; 

// calculate the initial drywell temperature required to assure 

// spray initiation at p1 (drywell pressure from calling statement) 

// results in a pressure drop of dpevap (allowed evaporative pressure 

// drop from calling statement) by iteratively evaluating relations 

// provided in BWPOG EPG/SAG, Rev.1, App. C, Attachment 2 

while (rside >= lside) ( 

rside = dpevap + psat(t2); 

lside = (RN * (hgsat_by t(t2) - hfspray))/(CPN * 144 * vgsatbyt(t2)); 

t2 = t2 + 0.01; 

tl = ((pl + 14.7) * (t2 + 459.69) / (p1 - dpevap - psat(t2) + 14.7)) - 459.69; 

return (tl); 

// end calc_evapdrop 

/ *r************************ 

// calcdwsil function 
*i************************** 

void calcdwisl(char interim_09(301, char final_09[3C]) 

double pndw dw; // partial pressure of drywell dry nitrogen in drywell 

// normalized to 100OF using the ideal gas law (psia] 

double pg-sc; // partial pressure of water vapor in torus at 100% 

// relative humidity [psia] 

double pndw sc; /f partial pressure of torus nitrogen in drywell 

-f normalized to 100OF using ideal gas law (psial
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double dtdw-dpdw;

double 
int 
int 

int 

int 
int 
int 
int 
int 
int 
double 
double 
double 
double 
pt 
int 
int 
int

I, 
I
II 
I, 
// 
I, 
'I 
I, 
I,, 
I
I
/I 
// 
/1 
I, 
// 
I,, 
I,

rate of change of temperature with pressure of 

dry nitrogen in drywell from ideal gas law [OR/psia) 

calculated maximum dwsil temperature [(F] 

index (in dwsil array) at which max. temperature is located 

first index (in dwsil array) below nmax_temp at which 

temperature is lower than tdwmaxind 

first index (in dwsil array) above nmax temp at which 

temperature is lower than tdwmaxind 

number of tdw min values calculated 
index into tdw_min 

last index into tdw min at which tdw min < tdwcap 

first index into tdw_min for which tdwmin > tdw_cap 

last index into dwsil at which tdwmin < tdw cap 

first index into dwsil for which tdw min > tdw cap 

slope of tdw_min line 

intercept of tdw min line 

slope of dwsil line 

intercept of dwsil line

cout << "calculating dwisl\n\n" << flush;

II
I
/I 
II

declare file streams for output of intermediate and final results.  

while the file streams will be attached to existing physical 

files (determined by the file names passed in through interim_09 

and final_09), new identifiers for the streams are used to preclude 

a compiler error due to redefinition of variables

ofstream inter out 09a(interim_09, ios::app); 
ofstream final out_09a(final_09, ios::app); 

inter-out_09a -c Drywell spray calculation intermediate results:\n\n"; 

// find partial pressure of nitrogen in drywell 

pndw-dw = ((pdw maxop + 14.7) * 559.69) / (tdw-minop + 459.69); 

// find partial pressure of water vapor in torus 

pg sc = psat(tscQminop); 

// find partial pressure of torus nitrogen in the drywell 

pndw sc = ((pscmaxop - pg-sc + 14.7) * 559.69 * vscdco) / ((tscjminop + 459.69) * vdw); 

// find rate of change of drywell temperature with pressure 

dtdw_dpdw = 559.69 / (pndw-dw + pndw-sc); 

// write values to intermediate results file

inter out 09a 
inter out_09a 
inter out_09a 
inter out 09a 
inter out 09a 

inter out 09a 
inter out_09a 
inter out_09a

cc 
cc 

cc 

cc 

cc 

cc 

cc 

cc

setiosflags(ios::fixed); 
setprecision(2) << "pndwdw =O 

setw(5) << pndw-dw << " psia\n'; 

"pgsc = " << setw(4) << pgsc << * psia\n"; 

spndw sc = " << setw(5) << pndw sc c< psia\n"; 

setprecision(l) << "dtdwdpdw = "; 

setw(5) << dtdwdpdw << O OR/psia\nl; 

I\nl;

// determine the minimum drywell temperature as a function of pressure 

// for all dry nitrogen in the drywell using the ideal gas law

pdw = 0; 
indextdw = 0;

max_temp; 
n maxtemp; 
n low cut; 

n-hicut; 

ntdw_min; 
index tdw; 
lo_press-tdw; 
hi press-tdw; 
lo press.dwsil; 
hi press dwsil; 
m tdw min; 
b tdw min; 
mdwsil; 
b dwsil; 
intersect; 
index dwsil; 
index eop; 
index;
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ntdw min = 60; 
while (pdw < n tdwjmin) 

tdw_min(index tdw].pressure = pdw; 

tdw min[index-tdw].temperature = (dtdw_dpdw * (pdw + 14.7)) - 459.69; 

pdw = pdw + 1.0; 

++indextdw; 

// calculate temperatures such that evaporative cooling pressure drop does not 

// lower pressure below high drywell pressure scram setpoint 

// first, calculate temperature corresponding to pdw scram 

// initialize number of tdw scram[] and dwsil[] values calculated, 

/ n tdw scram and n dwsil are also used as indices for storage arrays 

// the maximum tdw value, maxtemp is also initialized here 

n tdw scram = 0; 

n dwsil = 0; 

max temp = 0; 

// use this logic if pdw scram is not an integer (referring 

// to value, not variable type). this determines tdwscram at 

// the non-integral pressure, then aligns subsequent pdw's 

// on integer values 

if ((pdw scram - int(pdw..scram)) != 0) 

tdw scram [n tdw scram] .pressure = pdw_scram; 

tdw scram[n-tdw-scram] .temperature = calc_evapdrop(O, pdwscram); 

// initially assign tdwscram[] values to dwsilt] as well 

dwsil[ndwsil].pressure = tdw_scram[n_tdw scram].pressure; 

dwsil[ndwsil].temperature = tdw-scram fnltdwscram] .temperature; 

if (max temp < dwsil[n_dwsil].temperature) 

maxtemp = dwsil[n_dwsil] .temperature; 

n max temp = ndwsil; 

// increment indices into arrays 

++ntdwscram; 
++n dwsil; 

// find first integral value of pressure above pdwscram 

pdw = int(pdwscram) + 1.0; 

// use this logic if pdwscram is an integer (referring 

// to value, not variable type) 

else ( 

tdw scram[ntdw scram).pressure = pdw scram; 

tdw-scram ntdw-scram] .temperature = calcevapdrop(0, pdw scram); 

// initially assign tdw-scram[] values to dwsil[] as well 

dwsil[n_dwsil].pressure = tdw_scram[n_tdw_scram].pressure; 

dwsil[n dwsil].temperature = tdwscram [n_tdwscram] .temperature; 

if (max-temp < dwsil[ndwsil] .temperature) 

maxtemp = dwsiltndwsil].temperature; 
nmmax temp = ndwsil; 

// increment indices into arrays

++ntdw-scram;
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++ndwsil; 

// calculate next pressure value 

pdw = pdw scram + 1.0; 

// continue with pressure values up to the sum of 

// the scram setpoint and the negative pressure capability 

while (pdw <= (pdw scram + dpdwww)) 

dpevap = pdw - pdw scram; 

tdw_scram[n tdw scram].pressure = pdw; 

tdwscram(ntdw scram].temperature = calc_evapdrop(dpevap, pdw); 

// dwsil[] is still determined by tdwscram[] 

dwsil[n dwsil].pressure = tdwscram[n_tdw_scram] .pressure; 

dwsil[n-dwsil].temperature = tdw scramtn_tdw scram].temperature; 

// keep track of maximum value of dwsil[] .temperature 

if (maxtemp < dwsil[nfdwsilJ .temperature) 

maxtemp = dwsil[n dwsil].temperature; 

n max temp = ndwsil; 

// increment pressure and indices into arrays 

pdw = pdw + 1.0; 
++ntdwscram; 
++ndwsil; 

// make sure tdwscram is calculated for pdw = (pdwscram + dpdw-ww) 

pdw = pdw_scram + dpdwyww; 

// this loop will not execute if (pdw_scram + dpdw ww) 

// was evaluated in previous loop (i.e., if it is an integral value) 

if ((pdw - int(pdw)) != 0) { 
dpevap = dpdw ww; 

tdw scram[n_tdw scram].pressure = pdw; 

tdw-scram[n_tdw scram].temperature = calcevapdrop(dpevap, pdw); 

dwsil[ndwsilj.pressure = tdw_scram[n_tdw_scram].pressure; 

dwsil ndwsil] .temperature = tdw scram[n_tdw_scram].temperature; 

if (max-temp < dwsiltndwsil].temperature) 

maxtemp = dwsiltndwsil].temperature; 
n max temp = ndwsil; 

} 

// increment indices into arrays (and number of 

/f points which have been calculated 

++ntdwscram; 
++n dwsil; 

// calculate temperatures such that evaporative cooling pressure drop 

// does not lower drywell pressure below drywell to wetwell negative 

// pressure capability value 

// find first integer value of pdw greater than (pdw scram + dpdw-ww) 

pdw = int(pdw) + 1.0; 

ntdwcap = 0;
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// determine tdw_capE] values until 60 dwsil[] values have been obtained 

while (n dwsil < 60) ( 

tdw cap[ntdw cap].pressure = pdw; 

tdw_cap (ntdw cap].temperature = calc-evapdrop(dpdwww, pdw); 

// dwsil[] is now initially set equal to tdwcap 

dwsil[ndwsil] .pressure = tdw cap~n_tdwcap] .pressure; 

dwsil[ndwsil] .temperature = tdw Captntdw_cap] .temperature; 

// continue checking for maximw-= temperature value 

if (max temp < dwsil[n_dwsil].te=perature) 

max_temp = dwsil[n tdwsil].te=perature; 
n max temp = ndwsil; 

// increment pdw and indices into arrays 

pdw = pdw + 1.0; 
++n_tdw cap; 
++ndwsil; 

// begin process of finding point at which tdw min[] and dwsil[] intersect 

// synchronize indices into tdw mini] and dwsill]. they have the potential 

// to get out of synch at pdw_scram and (pdw scram + dpdw_ww), therefore 

// this is done in two steps 

indextdw = 0; 
index dwsil = 0; 

// since tdw min[O(.pressure = 0 and dwsil (0].pressure = pdwscram, 

// begin by jncrementing indextdw 

while (tdw min[index_tdw] .pressure <= dwsil (indexdwsil] .pressure) ++indextdw; 

// now tdw min[] .pressure is the first integral value above pdw scram, 

// therefore increment indexdwsil to catch up 

++index dwsil; 

// increment index tdw along with indexdwsil as long as tdwmin[] and 

// dwsil[] have the same value of pressure (at their respective indices) 

while ((tdw min[index tdw] .pressure == dwsil [indexdwsil] .pressure) 

&& (tdw-_min[index-tdw].temperature < dwsiltindexfdwsill.temperature)) 

++indextdw; 
++indexdwsil; 

I 

// since an additional dwsil[I point may exist at pdw = pdw scram + dpdwww 

// increment indexdwsil to get past it 

while (dwsil[index-dwsil] .pressure < tdwjmin[indextdw].pressure) +÷indexdwsil; 

// the indices into tdw mint] and dwsilti are now in synch so we can 

// go after the point at which the curves intersect, since tdwmint] .temperature 

/f is lower than dwsil[] .temperat-jre (i.e., tdwcap[] .temperature) at 

// low pressure, increment indices into both arrays as long as tdwmin] .temperature 

// is smaller than dwsilt] .temperature (this results in finding the first set 

// of indices with tdwmin] . temperature at or above dwsil [(.temperature) 

while (tdw mintindex-tdw).temperature < dwsil[index-dwsil].temperature) { 
++indextdw; 
++indexdwsil;
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} 
lospressstdw = index-tdw - 1; 

hijpresstdw = index tdw; 

lo_press dwsil = index dwsil - 1; 

hi press dwsil = indexdwsil; 

// find the equations of the lines between these bracketting points 

m tdw min = (tdwmin [hipresstdw] .temperature - tdw min[lo press tdwJ .temperature); 

m-tdw-min = m tdw min / (tdwjmin[hi_pressttdw] .pressure - tdw min[lo_pressjtdw] .pressure); 

b-tdw-min = tdw-min[hispressstdw] .temperature " (mtdw_min * tdwminrhi_press_tdw] pressure); 

m dwsil = (dwsilthispressfdwsil).temperature 
- dwsil[lojpress_dwsil].temperature); 

m dwsil = m dwsil / (dwsil hi press-dwsil].pressure - dwsil[lo_press dwsil].pressure); 

b-dwsil = dwsil (hijpressfdwsil].temperature - (mdwsil * dwsil (hipress dwsil] pressure) 

// find the point of intersection 

intersect.pressure = (bdwsil - b tdwmin) / (m-tdw min - m dwsil); 

intersect.temperature = Cmdwsil * intersect.pressure) + b dwsil; 

// write values to intermediate results file 

inter out_09a << setprecision(
2 ) << "pressure at intersection = 

inter outG09a << setw(5) << intersect.pressure << " psig\n*; 

inter out 09a << setprecision(1) << -temperature at intersection = U; 

interoutG09a c< setw(S) << intersect.temperature << "OF\n\n"; 

// store this temperature and pressure as 

// the next to last member of dwsil[] 

dwsil[hispress dwsil].pressure = intersect.pressure; 

dwsil[hi_press.dwsil].temperature = intersect.temperature; 

// store this temperature and an arbitrarily high pressure value 

// Cppc-maxind was chosen) as the last member of dwsil[] 

n dwsil = hi_press dwsil + 1; 

dwsil[ndwsil] .temperature = intersect.temperature; 

dwsil[ndwsil].pressure = ppc-maxind; 

// check if maximum dwsil temperature is greater than 

// available indication and truncate curve if required 

if (tdwmaxind < max_temp) { 

// find last dwsil array locations for which temperature is less than tdw-maxind 

// start at the location in which the maximum temperature is 

// stored and work backward to find the low pressure cutoff 

n low-cut = n max temp; 

while (dwsil(n_low-cut] .temperature > tdw-maxind) -- n_lowcut; 

// start at the location in which the maximum temperature is 

// stored and work forward to find the high pressure cutoff 

n hi cut = n_max_temp; 

while (dwsil nhi_cut] .temperature > tdwmaxind) ++nhicut; 

// copy dwsil[] to dwsil eop(] for pressures and temperatures to nlo cut 

index eop = 0; 

index dwsil = 0; 

while (indexdwsil <= nlowcut) I 
dwsil eoptindexeop] .pressure = dwsilifindex_dwsill .pressure; 

dwsil-eop[index.eop] .temperature = dwsil[index-dwsil] .temperature; 

++index eop;
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++indexdwsil; 

// find point at wh::h rising segment of dwsil curve intersects tdwmaxind 

lo-pressdwsil = n low cut; 

hi pressdwsil = n low cut + i; 

// find the equation of the line between these bracketting points 

m-dwsil = (dwsil[hispress dwsill.temperature - dwsil[lopresstdwsil).temperature) 

m-dwsil = mndwsil / (dwsil (hipressdwsil].pressure - dwsil [lo_press_dwsil].pressure); 

b-dwsil = dwsil (hipressdwsil] temperature - (mdwsil * dwsil [hi_press_dwsil].pressure) 

// find the point of intersection 

intersect.pressure = (tdw maxind - b dwsil) / m_dwsil; 

intersect.temperatvre = tdw_maxind; 

// store this temperature and pressure as the next members of dwsil eop[] 

dwsil eopfindex_eop].pressure = intersect.pressure; 

dwsil eop(indexeop].temperature = intersect.temperature; 
++index eop; 

// find point at which lowering segment of dwsil curve intersects tdwmaxind 

lopress dwsil = n hi cut - 1; 
hi_press dwsil = nhicut; 

// find the equation of the line between these bracketting points 

m dwsil = (dwsil[hispress dwsil] .temperature - dwsil[lo_press-dwsil].temperature); 

m-dwsil = midwsil / (dwsil (hispressdwsil].pressure - dwsil [lo_pressdwsil] pressure); 

b-dwsil = dwsil(hi press-dwsil].temperature - (mfdwsil * dwsil[hi_press_dwsil].pressure); 

// find the point of intersection 

intersect.pressure = (tdwmaxind - b dwsil) / mdwsil; 

intersect.temperature = tdwmaxind; 

// store this temperature and pressure as the next members of dwsileop[] 

dwsil eop[indexeop].pressure = intersect.pressure; 

dwsil-eop[indexeop].temperature = intersect.temperature; 

// now copy the rest of dwsil[] to dwsil_eop(] 

++indexeop; 
index dwsil = nhicut; 

while (index dwsil <= n dwsil) 

dwsil-eop [index eop] .pressure = dwsil [index_dwsil].pressure; 

dwsil eop[index eop) .temperature = dwsil[index_dwsil) .temperature; 

++indexeop; 
++indexdwsil; ) 

// decrement index eop and assign to ndwsileop, 

// since that is number of values stored 

n_dwsil eop = index eop - 1; 

I 

// no truncation is required, therefore copy dwsil into dwsil_eop 

else ( 
indexdwsil = 0; 

index eop = 0;
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ndwsil ezp = ndwsil; 
while (index dwsil <= n dwsil) 

dwsileop[index eop] .pressure = dwsil [indexdwsilJ .pressure; 

dwsil eop[index_eop] .temperature = dwsil[indexdwsilJ .temperature; 

++indexeop; 
++index dwsil; 

// write intermediate results to file 

interout_09a c< "Tdwscram values:\n"; 

inter out_09a << " pdw tdw-scram\n"; 

interout 09a << "[psig] [°F]\n*; 

inter-out_09a << setprecision(1); 

for {index = 0; index < ntdwscram; ++index) 

inter out-09a << setw(4) << tdw scram [index].pressure; 

inter-out_09a << setw (12) << tdwvscramn(index] .temperature << \nc 

inter outG09a << '\n' << c \nc ; 

interout_09a << "Tdw_cap values:\n*; 

inter out 09a << " pdw tdwcap\n"; 

inter out 09a << "[psig] [EF]\nl; 

interout_09a << setprecision(1); 

for (index = 0; index < n_tdwcap; ++index) 

inter out_09a << setw(4) << tdwvcaptindex] pressure; 

inter outG09a << setw(12) << tdw-cap[index].temperature << '\n' 

inter outG09a << '\n' << '\n'; 

inter outG09a << "Tdw-min values:\n"; 

inter out 09a << " pdw tdwmin\n"; 

inter out_09a << "(psig] [;F]J\n; 

inter out _Ga << setprecision(l); 

for (index = 0; index < ntdw_min; ++index) 

inter-out_09a << setw(4) << tdwvmin(index].pressure; 

interoutG09a << setw(12) << tdwfmin[index].temperature << \n 

inter out G0a << '\n' << '\n'; 

inter out 09a << "DWISL values:\n'; 

interout 09a << " pdw dwisl\n'; 

inter_out_09a << "[psig] ["FJ\nl; 

inter out 09a << setprecision(l); 

for (index = 0; index <= n_dwsil; ++index) 

inter outG09a << setw(4) << dwsil [index] .pressure; 

inter out_09a << setw(ll) << dwsil(index].temperature << \n 

inter out_09a << '\n'; 

// close file to assure file buffer is flushed 

interout_09a.closefl; 

final out_09a << "Drywell spray related variable, final results:\nkn"; 

final out 09a << "Drywell Spray Initiation Limit:\n\n"; 

final out 09a << setiosflags(ios::fixed) << setprecision(l); 

final out 09a << " pdw dwsil\a'; 

final out 09a << "[psig] [*F3\n"; 

for (index = 0; index <= ndwsileop; ++index) 

final out_09a << setw(4) << dwsileop [index] .pressure; 

final-outG09a << setw(10) << dwsil_eop [index] .temperature << '\n'; 

final-out_09a << '\n'; 

finalout_09a << resetiosflags(ios::fixed);
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// close file to assure file buffer is flushed 

finalout_09a.close{); 

} // end calc_dwisl 

// calc mdsf function 
/ ********tt***************** 

void calcmdsf (char final_09[30]) 

double msfa; // 'A' loop minimum spray flow [gpm] 

double msfb; I/ 'B' loop minimum spray flow [gpm) 

double mdsf; // Minimum Drywell Spray Flow [gpm] 

cout << "calculating mdsf\n\n" c< flush; 

// declare a file stream for output of final results.  

// while the file stream will be attached to an existing physical 

// file (determined by the file name passed in through final_09), 

// a new identifier for the stream is used to preclude a compiler 

// error due to redefinition of a variable 

ofstream final out_09b(final_09, ios::app); 

// determine minimum spray required for each header 

msfa = sprayhdr[0].num-nzls * spray hdr(0].wnzl; 

msfb = sprayhdr[l].numnzls * sprayhdr[l].wnzl; 

// pass header flows to maxfloats to determine the MDSF 

mdsf = maxfloats(msfa, msf b); 

finalout_09b << setiosflags(ios::fixed) << setprecision(0); 

finalout_09b 4< 'MDSF = " 4< mdsf << " gpm\n\n"; 

finalout_09b << resetiosflags(ios::fixed); 

// close file to assure file buffer is flushed 

finalout_09b.closefl; 

} // end calcmdsf
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// mdrir.cpp: 
// this file contains the instructions required to compute the MDRIR, the 

// lowest RPV injection rate at which it is expected that core debris will 

// be retained in the RPV when RPV water level cannot be determined to 

// be above the bottom of active fuel.  
I
// The methods used are established in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs) Appendix C, 

// Rev. 1, dated July, 1997.  
// 
// Author: Dave Burch 
// Copyright: 1998 

v/ Version: 1.0 

*********** ******** *** 

// 
// STRUCTURE DECLARATION 
// 
I ** ** ** * *********** 

struct tsp-w 
double time; // time after shutdown [min.] 

double pressure; /f RPV pressure [psig] 

double flow; // 

I ********** ***************** 

// 
// VARIABLE DECLARATIONS 
I/ 
/ /. ........................  

t-p-w mdrir[3] [25]; // storage for MDRIR results 

char interim 10130]; // file name for storage of intermediate results 

char final_10[30]; // file name for storage of final results 

// 
// FUNCTION PROTOTYPE 
// 
/ *********************** *** 

// function to calculate the Minimum Debris Retention Injection Rate 

void calc mdrir(char interim_10[30], char final_10[30]); 

/ *************************** 

// calc-mdrir function 
/********* ****************** 

void calcmdrir(char interim_10[30], char final_10(30]) 
I 

int index_p, indext; 
double vfinj; // specific volume of injection water [ft3/lbm] 

double prpv a; // RPV pressure Epsia] 

double prpvg; // RPV pressure [psig] 

double hfinj; // enthalpy of injected water [Btu/lbm] 

double hg rpv; // enthalpy of steam discharged from RPV [Btu/lbm] 

cout << "calculating mdrir\n\n" << flush; 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim_10 

// and final_10), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables

ofstream interout_10(interim_10, ios::app);
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ofstream final out 10(final-10, ios::app); 

// Determine specific volume of water injected into the RPV, 

// assuming water is at 500 psia and the HCTL low-pressure endpoint 

// temperature for torus water level at the low-level LCO.  

vf inj = vpt(500, tsphctl_2_lco); 

inter out 10 << "MDRIR calculation intermediate results:\n\n"; 

inter out_10 << seticsflags(ios::fixed) << setprecision(S); 

interout_10 << "vf_inj = " << vf_inj << " ft3/lbmfn\nn; 

// close file to assure file buffer is flushed 

inter-out_10.close(; 

// Calculate MDRIR as a function of RPV pressure. The calculation will 

// be repeated for 3 pressures (0, 500 and 1000 psig).  

// initialize RPV pressure at 0 psig 

prpvg = 0; 

prpva = prpv_g + 14.7; 

// initialize first index into MDRIR array 

index_p = 0; 

// Test that prpvg is less than an arbitrarily chosen value which ensures loop 

// is repeated 3 times when a pressure increment of 500 psig is used.  

while (prpv3g < 1100) { 

// Determine enthalpy of water that reaches core debris.  

hf_inj = hfsat by_p(prpv_a); 

// Determine enthalpy of steam discharged from the RPV.  

hgrpv = hgsatbyp (prpva); 

// Calculate MDRIR as a function of time after shutdown.  

for (index-t = 0; indext < 25; ++index_t) { 

// set MDRIR array values for time and pressure 

mdrir[indexp] [indext] .titne = sd_pwr[indexSt] .time; 

mdrir[index p] [index_t) .pressure = prpv g; 

// determine MDRIR flowrate at this time and pressure 

mdrir[indexp.] (index-t].flow = (qrxrated * sdspwr[index_t].power * ki 

• vf inj * k3) / ((hgrpv - hfinj) * 60 * 100); 

// increment RPV pressure and index values 

prpvg = prpv g + 500; 

prpv_a = prpv-a + 500; 

++index_p; 

// write results to file 

finalout_10 << setiosflags(ios::fixed); 

final out_10 << 'Minimum Debris Retention Injection Rate:\n\n"; 

finalout_10 << I mdrir [gpm]\nl;
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finalout_10 << " time rpv pressure\n"; 

final out 10 << "[min.] 0 psig 500 psig 1000 psig\n'; 

for (indext = 0; index_t < 25; ++index-t) { 

finalout_10 << setprecision({) << setw(6) << mdrir[O] [indext] .time; 

final out 10 << setprecision(1) << setw(11) << mdrir [O [indext] .flow; 

finalout_10 << setprecision(1) << setw(12) << mdrir[l] [index_t] .flow; 

final out_10 << setprecision(1) << setw(13) << mdrir[2] [index t].flow; 

finalout_10 << '\nl; 

finalout_10 << I\n'; 

final_out_10 << resetiosflags(ios::fixed); 

// close file to assure file buffer is flushed 

finalout lO.close(); 

} end calc-mdrir



JAF-CALC-MISC-0311
6 , RO, Att. 28 p. 1 Oa

// scsip.h: 
// this file contains the instructions required to compute the SCSIP, the 

// lowest pressure which will result when 95% of the noncondensibles 

// in the drywell have been transferred to the torus. The limit precludes 

// chugging in the Mark I containment.  
// 
// The methods used are established in BWROG, Emergency Procedure 

// Guidelines / Severe Accident Guidelines (EPGs/SAGs) Appendix C, 

// Rev. 1, dated July, 1997.  
// 
// This code was written to conform to the syntax required by Microsoft 

// Visual C++ 
// 
// Author: Dave Burch 
// Copyright: 1998 
// Version: 1.0 

I ******* **** ** *********t**** 

/
// VARIABLE DECLARATIONS 
// 
/1* ***** * *******a of*trme 

char interim_[1130]; // file name for storage of interim results 
char final_11(30]; // file name for storage of final results 

/ **********************t**** 

// 
// FUNCTION PROTOTYPE 
// 
/ **** ************ 

// function to calculate the Suppression Chamber Spray Initiation Pressure 

void calcscsip(char interim_11[30), char final_11(30]); 

* ************************** 

// calcscsip function 

void calcscsip(char interim_11[30], char final_11[30]) 

double pg_sc; // partial pressure of water vapor in torus [psia] 

double pnsc sc; // partial pressure of dry gas (N2 or air) originating in torus airspace 

// normalized to 100OF using ideal gas law when in torus airspace [psia] 

double pg_dw; // partial pressure of water vapor in drywell [psia] 

double pnsc dw; // partial pressure of dry gas (N2 or air) originating in drywell normalized 

// to 100 OF using ideal gas law when in torus airspace [psia] 

double scsip; // result of calculation (SCSIP) [psig] 

cout << "calculating scsip\n\n" << flush; 

// declare file streams for output of intermediate and final results.  

// while the file streams will be attached to existing physical 

// files (determined by the file names passed in through interim 10 

// and final_10), new identifiers for the streams are used to preclude 

// a compiler error due to redefinition of variables 

ofstream inter out_ll(interim_11, ios::app); 

ofstream final out ll(final_11, ios::app); 

// determine pgsc and pgdw, assuming 100% relative humidity 

// spaces at maximum temperature for normal operation 

pgsc = psat(tsc.maxop); 
pgdw = psat(tdw.maxop); 

// calculate pnsc_sc and pnscdw using ideal gas law
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pnsc sc = ((psc minop - pgsc + 14.7) * 559.69) / (tscmaxop + 459.69); 

pnsc dw = ((pdw_minop - pgdw + 14.7) * 559.69 * vdw) / ((tdwvmaxop + 459.69) * vscIcz 

// write intermediate results to file

inter-out11 
inter out 11 
inter out 11 
inter out 11 
inter out 11 
inter out_11 
inter out_11

cc 
cc 

cc 

cc 

cc 

cc 

cc

"SCSIP calculation intermediate results:\n\n"; 
setiosflags(ios::fixed); 
setprecision(3); 
"pgsc = << pgsc << " psia\n"; 

"pg_dw = " << pg_dw c< " psia\n"; 

"pnsc_sc = << pnscsc << " psia\nr; 
"pnsc_dw = << pnscdw c< " psia\n\n";

// close file to assure file buffer is flushed 

inter out li.closeO; 

// calculate scsip 

scsip = (tspminop + 459.69) * (pnscsc + (0.95 * pnsc dw)) / 559.69; 

scsip = scsip + psat(tspminop) - 14.7; 

final out 11 << setiosflags(ios::fixed) << setprecision(2); 

final_out 11 << "Suppression Chamber Spray Initiation Pressure:\n\n"; 

finalout_11 << "scsip = " << scsip << " psig\n\nl; 

finalout 11 << resetiosflags(ios::fixed); 

// close file to assure file buffer is flushed 

finalout 11.close (;

) // end calcscsip
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

assign-float 

plant data.h 

To return a single double (float) from a given input string.  

load-plantdata 

no user defined functions 

assign-int 

plant data.h 

To return a single integer from a specified input string.  

load-plantdata 

no user defined functions 

assign n_floats 

plant data.h 

To return a specified number of floating point values from a specified input string.  

load-plantdata 

no user defined functions 

calc_bfit 

boron.h 

To calculate the Boron Injection Initiation Temperature.  

sequenceboron 

vpt 

hpt 

hgsat-by-p 
minfloats 
interpolate
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

calc_csbw 

boron.h 

To calculate the Cold Shutdown Boron Weight.  

sequence-boron 

no user defined functions 

calcjdppc-dwlpc 

pcpl.h 

To calculate rate of change of pressure with primary containment water level of submerged 

portions of the containment.  

sequence-pcpl 

vpt 

calc_dwsil 

drywell spray.h 

To calculate the Drywell Spray Initiation Limit.  

do-eop-calcs::mainO 

psat 

calc evapdrop 

calc_evapdrop 

drywell spray.h 

To calculate tdwevap, the initial drywell temperature as a function of subsequent 

evaporative cooling pressure drop and initial drywell pressure.  

calcdwsil 

hpt 

psat 
hgsat-by_t 

vgsat-by-j
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

calc_hctl 

hctl.h 

To calculate the Heat Capacity Temperature Limit.  

doseop_calcs:: mainO 

calc_n_values 

vfsatby-p 

vgsat_by-p 

tsat 

hfsatby-p 

hgsat-by-p 

calc_qdh 

"vpt 

calc_hsbw 

boron.h 

To calculate the Hot Shutdown Boron Weight.  

sequenceboron 

no user defined functions

Function: calc_marfp 

Header File: rpv.h 

Purpose: To calculate the Minimum Adtemate RPV Flooding Pressure.  

Called By: sequence-rpv 

Uses: maxfloats

Page 3 of 19
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Function: calc_mcfi 

Header File: rpv.h 

Purpose: To calculate the Minimum Core Flooding Interval.  

Called By: sequence-rpv 

Uses: tsat 

hgsatjby-p 
vgsat-by-p 

Function: calc_mcutl 

Header File: rpv.h 

Purpose: To calculate the Maximum Core Uncovery Time Limit.  

Called By: sequence-rpv 

Uses: min floats 

interpolate 

Function: calc_mdrir 

Header File: mdrir.h 

Purpose: To calculate the Minimum Debris Retention Injection Rate 

Called By: doeop_calcs::mainO 

Uses: vpt 
hfsat.by-p 
hgsatjby¥p 

Function: calc_mdsf 

Header File: drywell spray.h 

Purpose: To calculate the Minimum Drywell Spray Flow rate 

Called By: do-eop-calcs::mainO 

Uses: no user defimed functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

calc_mnsred 

rpv.h 

To calculate the Minimum Number of SRVs Required for Emergency Depressurization.  

sequence-rpv 

vpt 

minfloats 

hgsat-by-p 
maxint 

calc_mpspcwl 

mpspcwl.h 

To calculate the Maximum Pressure Suppression Primary Containment Water Level.  

doeop-calcs::mainO 

no user defined functions 

calc_mrfp 

rpv.h 

To calculate the Minimum RPV Flooding Pressure.  

sequencejrpv 

hgsat_by-p 
maxfloats 

calcmscrwl 

rpv.h 

To calculate the Minimum Steam Cooling RPV Water Level.  

sequencejrpv 

maxfloats

JAF-CALC-MISC-03116, Rev. 0 Attachment 29 Page 5 & 19



JAF-CALC-MISC-03116, Rev. 0 Attachment 29 Page 6of 19

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

calc_msrp 

rpv.h 

To output the Minimum SRV Re-opening Pressure.  

sequence-rpv 

no user defined functions 

calcmzirwl 

rpv.h 

To calculate the Minimum Zero-Injection RPV Water Level.  

sequence-rpv 

maxfloats 

calc_n_values 

hctl.h 

To calculate number of state points to include in the HCTL calculation.  

calchctl 

no user defined functions 

calc-psp 

psp.h 

To calculate the Pressure Suppression Pressure.  

doseop_calcs::mainO 

psat 

vpt 

minfloats 
maxfloats
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Function: calc-qdh 

Header File: hctl.h 

Purpose: To calculate percentile decay heat as a function of time.  

Called By: calchctl 

Uses: interpolate 

Function: calc_scsip 

Header File: scsip.h 

Purpose: To calculate the Suppression Chamber Spray Initiation Pressure 

Called By: do_eop_calcs::mainO 

Uses: psat 

Function: calc_stpll 

Header File: stpll.h 

Purpose: To calculate SRV Tail Pipe Level Limit.  

Called By: doeopcalcs::mainO 

Uses: min-floats 

interpolate 

Function: calc-tsphctl_2 

Header File: hctl.h 

Purpose: To calculate the Heat Capacity Temperature Limit low -pressure endpoint temperature.  

Called By: do-eopcalcs::mainO 

Uses: psat 

min-floats
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Function: 

Header File: 

Purpose: 

Called By: 

Uses:

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

calculate-pcpl 

pcpl.h 

To calculate Primary Containment Pressure Limit A and Primary Containment Pressure Limit 

C.  

sequence-pcpl 

minfloats

cpfsat-by-p 

thermo.h 

To return specific heat of fluid (Btu/lbm-°F) at saturation given pressure (psia).  

not presently in use 

no user defined functions 

cpfsat_by_t 

thermo.h 

To return saturated fluid specific heat (Btu/Ibm-°F) given temperature (OF).  

not presently in use 

no user defined functions 

cpgsatby.p 

thermo.h 

To return specific heat of vapor (Btu/lbm-°F) at saturation given pressure (psia).  

not presently in use 

no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

cpgsat-by-t 

thermo.h 

To return saturated vapor specific heat (Btu/lbm-OF) given temperature ('F).  

not presently in use 

no user defined functions 

cppt 

thermo.h 

To return subcooled/superheated specific heat (BtuAbm-°F) given temperature (*F) and 

pressure (psia).  

not presently in use 

no user defined ftnctions 

do-pcpl-output 

pcpl.h 

To write output of calculation to file.  

sequence-pcpl 

no user defined functions 

free thermo 

thermo.h 

To release memory used to store thermodynamic properties of water (steam).  

do_eop_calcs::mainO 

no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses:

get-component-strength 

pcpl.h 

To calculate material strengths (at 'calculation' and limiting t :mperatures) for primary 
containment components.  

sequence-pcpl 

interpolate

Function: hfsat_byp 

Header File: thermo.h 

Purpose: To return fluid enthalpy at saturation (Btu,,lbm) given pressure (psia).  

Called By: calc_hctl 

calc_mdrir 

Uses: no user defined functions

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

hfsat-by_t 

thermo.h 

To return saturated fluid enthalpy (Btu/Ibm) given temperature (0F).  

not presently in use 

no user defined functions

Function: hgsat-by-p 

Header File: thermo.h 

Purpose: To return vapor enthalpy at saturation (Btu/lbm) given pressure (psia).  

Called By: calc_biit 

calc_hctl 

calcmcfi 

calc_mnsred 
calc_mrfp 

calc_mdrir 

Uses: no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File:

hgsat-by_t 

themo.h 

To return saturated vapor enthalpy (Btu/lbm) given temperature ('F).  

calc-evapdrop 

no user defined finctions 

hpt 

thermo.h

Purpose: To return subcooled/superheated enthalpy (Btu/lbm) given temperature (F) and pressure 

(psia).  

Called By: calc_biit 

calcevapdrop 
init-rpvyvalues 

Uses: no user defined functions

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

initboron_values 

boron.h 

To initialize values which remain fixed, and are used by multiple modules within the 

calculation.  

sequenceboron 

no user defined functions

init-rpvvalues 

rpv.h 

To initialize variables used within multiple modules.  

sequence-rpv 

hpt
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Function: interpolate 

Header File: shared functions.h 

Purpose: To perform interpolation on floating point values.  

Called By: calc_biit 

calc_mcutl 

calc-qdh 

calc_stpll 

get-component-strength 
pcpl-for-calcs 

Uses: no user defined function

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

load_plant_data 

plant data.h 

Builds a database of plant specific parameters for use by calling routines from input files 
Iplantdata.dat' and 'gen-data.dat.' 

doeopcalcs::main 

assignint 

assignfloat 
assign_n_floats 

load_thermo 

thermo.h 

To initialize variables containing thermodynamic properties of water (steam). Values are 

obtained from fle 'thermo.dat.' 

do_eop_calcs::mainO 

no user defined functions
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Function: 

Header File: 

Purpose:

Call

max-floats 

shared (uhction.h 

To return the maximum of two floating point values.

ed By: calcmarfp 

calc_.mrfp 
calc-mscrwi 
calc-mzirwl 

calc-psp 

Uses: no tuser defined functions

Function: 

Header File: 

Purpose; 

Called By: 

Uses:

Fur 

HeadE 

Pu 

Call

max-Int 

sharcd functions.h 

To return the maximum of two integers.  

codcmnsrcd 

no user defined functions

Iction: mainjfloats 

ir File: shared functions.h 

rpose: To return the minimum of two floating point valucs.  

ad By: catcblit 

catc-mcutl 

calc-_mnsrcd 

calctsp_hctl_2 

ralculate-pcpl 

calc..stpll 

Uses: no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

pcpl-forcalcs 

pcpl.h 

To generate PCPL data required for calculation of HCTL and PSP.  

sequence-pcpl 

interpolate 

pressure-for-component 

pcpl.h 

To calculate containment airspace pressure for which load carrying capability of a 
component is not compromised.  

sequence-pcpl 

no user defined functions 

pressure-for_srvs 

pcpl.h 

To calculate containment airspace pressure at which SRVs can be opened.  

sequence-pcpl 

no user defined functions

Function: psat 

Header File: thermo.h 

Purpose: To return saturation pressure (psia) given temperature (OF).  

Called By: calc-dwsil 

calcevapdrop 
calc-psp 

calc-tspjhctl_2 
calc-scsip 

Uses: no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

sequenceboron 

boron.h 

To control order in which modules used to calculate boron related parameters execute.  

do-eop-calcs: :mainO 

init-boronvalues 

calc-csbw 
calc_hsbw 
calc_biit 

sequence-pcpl 

pcpl.h 

To control order in which modules used to calculate PCPL execute.  

do-eopcalcs::mainO 

get-component~strength 

calc_dppc-dwlpc 
pressure-forsrvs 
pressurejfor_component 
calculate-pcpl 

pcplforcalcs 
do-pcpl-output
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

sequence-rpv 

rpv.h 

To control order in which modules used to calculate parameters associated with RPV 
execute.  

do-eop-calcs: :mainO 

init-rpv_values 

calc_marfp 

calc_mnsred 
calc_msrp 
calc_mrfp 
calc_mcfi 

calc_mcutl 

calc_mscrwl 
calc_mzirwl 

sfsatby.p 

thermo.h 

To return fluid entropy at saturation (Btu/lbm) given pressure (psia).  

not presently in use 

no user defined functions

sfsatby_t 

thermo.h 

To return saturated fluid entropy (Btu/lbm) given temperature (OF).  

not presently in use 

no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

sgsat-by-p 

thermo.h 

To return vapor entropy at saturation (Btu/lbm) given pressure (psia).  

not presently in use 

no user defined functions 

sgsat-by-t 

thermo.h 

To return saturated vapor entropy (Btullbm) given temperature (F).  

not presently in use 

no user defined functions 

spt 

thermo.h 

To return subcooled/superheated entropy (Btu/lbm) given temperature (*F) and pressure 

(psia).  

not presently in use 

no user defined functions

Function: tsat 

Header File: thermo.h 

Purpose: To return saturation temperature (0 F) given pressure (psia).  

Called By: calc_hctl 

calc_mcfi 

Uses: no user defined functions
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Function: 

Header File: 

Purpose: 

Called By: 

Uses: 

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

vfsat-by-p 

thermo.h 

To return fluid specific volume at saturation (ft3/lbm) given pressure (psia).  

calc_hctl 

no user defined functions 

vfsat-by_t 

thermo.h 

To return saturated fluid specific volume (ft3/lbm) given temperature ('F).  

not presently in use 

no user defined functions

Function: vgsat-by-p 

Header File: thermo.h 

Purpose: To return vapor specific volume at saturation (ft3Abm) given pressure (psia).  

Called By: caic_hctl 

calc_mcfi 

Uses: no user defined functions

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

vgsat-by_t 

thermo.h 

To return saturated vapor specific volume (ft3/lbm) given temperature (psia).  

calc_evapdrop 

no user defined functions
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Function: vpt 

Header File: thermo.h 

Purpose: To return subcooled/superheated specific volume (ft3Abm) given temperature (*F) and 

pressure (psia).  

Called By: calicbiit 

calc-dppc-dwlpc 
calc_hctl 

calc_mnsred 
calc-psp 

calc_mdrir 

Uses: no user defined functions

Function: 

Header File: 

Purpose: 

Called By: 

Uses:

writeinput-values 

eop calculation input.h 

To write plant-specific and generic input values to a named disk file 

do-eop-calcs::mainO 

no user defined functions
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EOP calculation intermediate results: 

PCPL calculation, intermediate results: 

vf flood = 0.0160182 ft3/lbm 

dppcdwlpc = 0.433535 psig/ft 

pressure limit for srv operation and to assure 

structural integrity at temperatures for which 

input pressure capabilities were calculated: 

wlpc ppcsrv ppcl ppc_2 ppc3 ppc_4 ppc_5 ppc_6 ppc_7 ppc_8 ppc9 ppc_10 

[ft] 0 psig] [psig] psig] 0psig] [psig] [psig] [psig] psig] 9sig. 0psig] [psig 

0 82.0 108.0 111.0 118.0 129.0 120.0 

1 82.0 108.0 110.6 118.0 129.0 120.0 

2 82.0 108.0 100.7 118.0 129.0 120.0 

3 82.0 108.0 109.7 118.0 129.0 120.0 

4 82.0 108.0 109.3 118.0 129.0 120.0 

5 82.0 108.0 108.8 118.0 129.0 120.0 

6 82.0 108.0 108.4 118.0 129.0 120.0 

7 82.0 108.0 108.0 118.0 129.0 120.0 

8 82.0 108.0 107.5 118.0 129.0 120.0 

9 82.0 108.0 107.1 118.0 129.0 120.0 

10 82.0 108.0 106.7 118.0 129.0 120.0 

11 82.0 108.0 106.2 118.0 129.0 120.0 

12 82.0 108.0 105.8 118.0 129.0 120.0 

13 82.0 108.0 105.4 118.0 129.0 120.0 

14 82.0 108.0 104.9 118.0 129.0 120.0 

16 82.0 108.0 104.5 118.0 129.0 120.0 

16 82.0 108.0 104.1 118.0 129.0 120.0 

17 82.0 108.0 103.6 118.0 129.0 120.0 

18 82.0 108.0 103.2 118.0 129.0 120.0 

19 82.0 108.0 102.8 118.0 129.0 120.0 

20 82.0 108.0 10213 118.0 129.0 120.0 

21 82.0 108.0 101.9 118.0 129.0 120.0 

22 82.0 108.0 101.5 118.0 129.0 120.0 

23 82.0 108.0 101.0 118.0 129.0 120.0 

24 82.0 108.0 100.6 118.0 129.0 120.0 

25 82.0 108.0 100.2 118.0 129.0 120.0 

26 82.0 108.0 99.7 118.0 129.0 120.0 

27 82.0 108.0 9.93 118.0 129.0 120.0 

28 82.0 108.0 98.9 118.0 129.0 120.0 

29 82.0 10.80 98.4 118.0 129.0 120.0 

30 82.0 107.8 98.0 118.0 129.0 120.0 

31 82.0 10763 97.6 118.0 129.0 119.7 
32 82.0 106.9 97.1 118.0 129.0 119.3 

33 82.0 106.5 96.7 118.0 129.0 118.8 

34 82.0 106.0 96.3 118.0 129.0 118.4 

35 82.0 105.6 95.8 118.0 129.0 118.0 

36 82.0 105.2 95.4 118.0 129.0 117.5 

37 82.0 104.7 95.0 118.0 129.0 117.1 

38 82.0 104.3 94.5 118.0 129.0 116.7 

39 82.0 103.9 94.1 118.0 129.0 116.2 

40 82.0 103.4 93.7 118.0 129.0 115.8 

41 82.0 103.0 93.2 118.0 129.0 115.4 

42 82.0 102.6 92.8 118.0 129.0 114.9 

43 82.0 102.1 92.4 118.0 129.0 114.5 

44 82.0 101.7 91.9 118.0 129.0 114.1 

45 82.0 101.3 91.5 118.0 129.0 113.6 

46 82.0 100.8 91.1 118.0 129.0 113.2 

47 82.0 100.4 90.6 118.0 129.0 112.8 

48 82.0 100.0 90.2 118.0 129.0 112.3 

49 82.0 99.5 89.8 118.0 129.0 111.9 

50 82.0 99.1 89.3 118.0 129.0 111.5 

51 82.0 98.7 88.9 118.0 128.6 111.0 

52 82.0 98.2 88.5 118.0 128.1 110.6 

53 82.0 97.8 88.0 118.0 127.7 110.2 

54 82.0 97.4 87.6 118.0 127.3 109.7
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55 82.0 96.9 87.2 118.0 126.8 109.3 

56 82.0 96.5 86.7 118.0 126.4 108.9 

57 82.0 96.1 86.3 118.0 126.0 108.4 

58 82.0 95.6 85.9 118.0 125.5 108.0 

59 82.0 95.2 85.4 118.0 125.1 107.6 

60 82.0 94.8 85.0 118.0 124.7 107.1 

61 82.0 94.3 84.6 118.0 124.2 106.7 

62 82.0 93.9 84.1 118.0 123.8 106.3 

63 82.0 93.5 83.7 118.0 123.4 105.8 

64 82.0 93.0 83.3 118.0 122.9 105.4 

65 82.0 92.6 82.8 118.0 122.5 105.0 

66 82.0 92.2 82.4 118.0 122.1 104.5 

67 81.5 91.7 82.0 118.0 121.6 104.1 

68 81.1 91.3 81.5 118.0 121.2 103.7 

69 80.7 90.9 81.1 118.0 120.8 103.2 

70 80.2 90.4 80.7 118.0 120.3 102.8 

71 79.8 90.0 80.2 118.0 119.9 102.4 

72 79.4 89.6 79.8 118.0 119.5 101.9 

73 78.9 89.1 79.4 118.0 119.0 101.5 

74 78.5 88.7 78.9 118.0 118.6 101.1 

75 78.1 88.3 78.5 118.0 118.2 100.6 

76 77.6 87.8 78.1 118.0 117.7 100.2 

77 77.2 87.4 77.6 118.0 117.3 99.8 

78 76.8 87.0 77.2 118.0 116.9 99.3 

79 76.3 86.5 76.8 118.0 116.4 98.9 

80 75.9 86.1 76.3 118.0 116.0 98.5 

81 75.5 85.7 75.9 118.0 115.6 98.0 

82 75.0 85.2 75.5 118.0 115.1 97.6 

83 74.6 84.8 75.0 118.0 114.7 97.2 

.84 74.2 84.4 74.6 118.0 114.3 96.7 

85 73.7 83.9 74.1 118.0 113.8 96.3 

86 73.3 83.5 73.7 117.6 113.4 95.9 

87 72.9 83.1 73.3 117.1 113.0 95.4 

88 72.4 82.6 72.8 116.7 112.5 95.0 

89 72.0 82.2 72.4 116.3 112.1 94.6 

90 71.6 81.8 72.0 115.8 111.7 94.1 

91 71.1 81.3 71.5 115.4 111.2 93.7 

92 70.7 80.9 71.1 115.0 110.8 93.3 

93 70.3 80.5 70.7 114.5 110.4 92.8 

94 69.8 80.0 70.2 114.1 109.9 92.4 

95 69.4 79.6 69.8 113.7 109.5 92.0 

96 69.0 79.2 69.4 113.2 109.1 91.5 

97 68.5 78.7 68.9 112.8 108.6 91.1 

98 68.1 78. 3 68.5 112.4 108.2 90.6 

99 67.7 77.9 68.1 111.9 107.8 90.2 

100 67.2 77.4 67.6 111.5 107.3 89.8 

101 66.8 77.0 67.2 111.1 106.9 89.3 

102 66.4 76.6 66.8 110.6 106.5 88.9 

103 65.9 76.1 66.3 110.2 106.0 88.5 

104 65.5 75.7 65.9 109.8 105.6 88.0 

105 0.0 0.0 0.0 0.0 0.0 0.0 

106 0.0 0.0 0.0 0.0 0.0 0.0 

107 0.0 0.0 0.0 0.0 0.0 0.0 

108 0.0 0.0 0.0 0.0 0.0 0.0 

109 0.0 0.0 0.0 0.0 0.0 0.0 

110 0.0 0.0 0.0 0.0 0.0 0.0 

111 0.0 0.0 0.0 0.0 0.0 0.0 

112 0.0 0.0 0.0 0.0 0.0 0.0 

113 0.0 0.0 0.0 0.0 0.0 0.0 

114 0.0 0.0 0.0 0.0 0.0 0.0 

115 0.0 0.0 0.0 0.0 0.0 0.0 

116 0.0 0.0 0.0 0.0 0.0 0.0 

117 0.0 0.0 0.0 0.0 0.0 0.0 

118 0.0 0.0 0.0 0.0 0.0 0.0 

119 0.0 0.0 0.0 0.0 0.0 0.0 

pressure limit to assure structural integrity 

at limiting temperature for structure:
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wlpc ppc l ppc_2 ppc_3 ppc_4 ppc_5 ppc_6 ppcl7 ppce8 ppc_9 ppclO 
(ft] [psig] (psig] (psig] (psig] (psig] [psig] [psig] (psig] (psig] (psig] (psig] 

0 135.3 108.2 102.1 111.6 120.0 
1 105.3 107.8 102.1 111.6 120.0 
2 105.3 107.4 102.1 111.6 120.0 
3 105.3 106.9 102.1 111.6 120.0 
4 105.3 106.5 102.1 111.6 120.0 
5 105.3 106.1 102.1 111.6 120.0 
6 105.3 105.6 102.1 111.6 120.0 
7 105.3 105.2 102.1 111.6 120.0 
8 105.3 104.8 102.1 111.6 120.0 
9 105.3 104.3 102.1 111.6 120.0 
10 105.3 103.9 102.1 111.6 120.0 
11 105.3 103.5 102.1 111.6 120.0 
12 105.3 103.0 102.1 111.6 120.0 
13 105.3 102.6 102.1 111.6 120.0 
14 105.3 102.2 102.1 111.6 120.0 
15 135.3 101.7 102.1 111.6 120.0 
16 105.3 101.3 102.1 111.6 120.0 
17 105.3 100.9 102.1 111.6 120.0 
18 105.3 100.4 102.1 111.6 120.0 
19 105.3 100.0 102.1 111.6 120.0 
20 105.3 99.6 102.1 111.6 120.0 
21 105.3 99.1 102.1 111.6 120.0 
22 105.3 98.7 102.1 111.6 120.0 
23 105.3 98.3 102.1 111.6 120.0 
24 105.3 97.8 102.1 111.6 120.0 
25 105.3 97.4 102.1 111.6 120.0 
26 105.3 97.0 102.1 111.6 120.0 
27 105.3 96.5 102.1 111.6 120.0 
28 105.3 96.1 102.1 111.6 120.0 
29 105.3 95.7 102.1 111.6 120.0 
30 105.1 95.2 102.1 111.6 120.0 
31 104.7 94.8 102.1 111.6 119.7 
32 104.2 94.4 102.1 111.6 119.3 
33 103.8 93.9 102.1 111.6 118.8 
34 103.4 93.5 102.1 111.6 118.4 
35 102.9 93.1 102.1 111.6 118.0 
36 102.5 92.6 102.1 111.6 117.5 
37 102.1 92.2 102.1 111.6 117.1 
38 101.6 91.8 102.1 111.6 116.7 
39 101.2 91.3 102.1 111.6 116.2 
40 100.8 90.9 102.1 111.6 115.8 
41 100.3 90.5 102.1 111.6 115.4 
42 99.9 90.0 102.1 111.6 114.9 
43 99.5 89.6 102.1 111.6 114.5 
44 99.0 89.2 102.1 111.6 114.1 
45 98.6 88.7 102.1 111.6 113.6 
46 98.2 88.3 102.1 111.6 113.2 
47 97.7 87.9 102.1 111.6 112.8 
48 97.3 87.4 102.1 111.6 112.3 
49 96.9 87.0 102.1 111.6 111.9 
50 96.4 86.6 102.1 111.6 111.5 
51 96.0 86.1 102.1 111.2 111.0 
52 95.6 85.7 102.1 110.8 110.6 
53 95.1 85.3 102.1 110.3 110.2 
54 94.7 84.8 102.1 109.9 109.7 
55 94.3 84.4 102.1 109.5 109.3 
56 93.8 84.0 102.1 109.0 108.9 
57 93.4 83.5 102.1 108.6 108.4 
58 93.0 83.1 102.1 108.2 108.0 
59 92.5 82.7 102.1 107.7 107.6 
60 92.1 82.2 102.1 107.3 107.1 
61 91.7 81.8 102.1 106.9 106.7 
62 91.2 81.4 102.1 106.4 106.3 
63 90.8 80.9 102.1 106.0 105.8 
64 90.4 80.5 102.1 105.6 105.4
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65 89.9 80.1 102.1 105.1 105.0 

66 89.5 79.6 102.1 104.7 104.5 

67 89.1 79.2 102.1 104.3 104.1 

68 88.6 78.8 102.1 103.8 103.7 

69 88.2 78.3 102.1 103.4 103.2 

70 87.8 77.9 102.1 103.0 102.8 

71 87.3 77.5 102.1 102.5 102.4 

72 86.9 77.0 102.1 102.1 101.9 

73 86.5 76.6 102.1 101.7 101.5 

74 86.0 76.2 102.1 101.2 101.1 

75 85.6 75.7 102.1 100.8 100.6 

76 85.2 75.3 102.1 100.4 100.2 

77 84.7 74.9 102.1 99.9 99.8 

78 84.3 74.4 102.1 99.5 99.3 

79 83.9 74.0 102.1 99.1 98.9 

80 83.4 73.6 102.1 98.6 98.5 

81 83.0 73.1 102.1 98.2 98.0 

82 82.6 72.7 102.1 97.8 97.6 

83 82.1 72.3 102.1 97.3 97.2 

84 81.7 71.8 102.1 96.9 96.7 

85 81.3 71.4 102.1 96.5 96.3 

86 80.8 71.0 101.7 96.0 95.9 

87 80.4 70.5 101.2 95.6 95.4 

88 80.0 70.1 100.8 95.2 95.0 

89 79.5 69.7 100.4 94.7 94.6 

90 79.1 69.2 99.9 94.3 94.1 

91 78.7 68.8 99.5 93.9 93.7 

92 78.2 68.4 99.1 93.4 93.3 

93 77.8 67.9 98.6 93.0 92.8 

94 77.4 67.5 98.2 92.6 92.4 

95 76.9 67.1 97.8 92.1 92.0 

96 76.5 66.6 97.3 91.7 91.5 

97 76.1 66.2 96.9 91.3 91.1 

98 75.6 65.8 96.5 90.8 90.6 

99 75.2 65.3 96.0 90.4 90.2 

100 74.8 64.9 95.6 90.0 89.8 

101 74.3 64.5 95.2 89.5 89.3 

102 73.9 64.0 94.7 89.1 88.9 

103 73.5 63.6 94.3 88.7 88.5 

104 73.0 63.2 93.9 88.2 88.0 

105 0.0 0.0 0.0 0.0 0.0 

106 0.0 0.0 0.0 0.0 0.0 

107 0.0 0.0 0.0 0.0 0.0 

108 0.0 0.0 0.0 0.0 0.0 
109 0.0 0.0 0.0 0.0 0.0 

110 0.0 0.0 0.0 0.0 0.0 

1il 0.0 0.0 0.0 0.0 0.0 

112 0.0 0.0 0.0 0.0 0.0 

113 0.0 0.0 0.0 0.0 0.0 

114 0.0 0.0 0.0 0.0 0.0 

115 0.0 0.0 0.0 0.0 0.0 

116 0.0 0.0 0.0 0.0 0.0 

117 0.0 0.0 0.0 0.0 0.0 

118 0.0 0.0 0.0 0.0 0.0 

119 0.0 0.0 0.0 0.0 0.0 

STPLL calculation, intermediate results: 

Component design margins: 

component fdes 

quencher 35.3579 

quencher support 218.951 

tail pipe 86.6667 

tail pipe support 50 

breakpoints in STPLL vs. RPV pressure curve:
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spwl pressure 
(ft] [psig] 
13.88 1692 
14.66 1649 
15.50 1286 
18.51 1131 
29.50 -448 

STPLL: 

spwl pressure 
[ft] [psig] 
15.00 1500 
15.50 1286 
18.51 1131 
26.39 0 
0.00 0 

HCTL low-pressure endpoint intermediate results: 

pg_sc = 0.33889 psia 
pnscsc = 15.7623 psia 
wlsplim = 9.58 ft 

wlsp vsc air pnsc_dw dpsc_dtsc pcpl_a tsc_pcpl tsphctl_2 

[ft] [ft3J [psial (OR/psia] [psig] [OF) [OF] 

9.58 154763 18.98 0.0621 62.0 254.6 220.0 

10.00 150890 19.46 0.0629 62.0 253.6 220.0 

11.00 141436 20.77 0.0653 62.0 250.9 220.0 

12.00 131960 22.26 0.0679 62.0 247.7 220.0 

13.00 122200 24.03 0.0711 62.0 243.7 220.0 

13.88 113603 25.85 0.0744 62.0 239.4 220.0 

14.00 112428 26.12 0.0748 62.0 238.7 220.0 

15.00 102119 28.76 0.0795 62.0 232.2 220.0 

16.00 92820 31.64 0.0847 62.0 224.5 220.0 

17.00 83463 35.19 0.0910 62.0 214.2 214.2 

17.85 75334 38.99 0.0978 62.0 201.8 201.8 

tsphctl_2 Ico = 220.00F 

RPV variables, intermediate results: 

hfsp = 189.29 Btu/ibm 

wsrv be = 911900 ibm/hr 
psrvref = 1112.4 psig 
dwsrvdprpv = 809.068 ibm/hr-psia 
wg_core_1 = 705600 ibm/hr 

rhofsp = 7.98287 Ibm/gal 
wf core_1 = 1473.16 gpm 
prpv l = 195 psig 
nsrv_1 = 5 

hgsrv = 1186.57 Btu/ibm 
wgcore_2 = 263598 ibm/hr 
wf core_2 = 550.342 gpm 
prpv_2 = 195 psig 
nsrv_2 = 1 

msrp = 50 psig 

prpv_10 = 33.3 psig 

crpvtaf = 122752 Btu/OF 
ccore = 25332.5 Btu/OF 
tsrv = 562.877OF 
tmrfp = 297.671iF
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z1 = 31865.6 

Z3 = -65205.1 

torus water level = 9.58 ft 

prpv trpv hfrpv hg_rpv vf_--pv vg-rpv wsrv mf_rpv 
[psig] [*F] [Btu/lbm] [Btu/ibm] [ft3/ib--.1 [ft3/!Ibm] [ibm/min.] [ibm] ic 

1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 530n 

1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 I30Z9 

1125 560.70 563.31 1187.4 0.C2213 0.3847 76841 528251 :53:4 

1115 559.60 561.87 1187.8 0.C2206 0.3886 76167 526376 :5316 

1105 558.49 560.42 1188.3 0.02202 0.3926 75493 524498 :5315 

1095 557.37 558.97 1188.7 0.02199 0.3966 74819 522619 15312 

1085 556.24 557.51 1189.1 0.C2195 0.4007 74144 520742 15305 

1075 555.11 556.04 1189.5 0.02192 0.4049 73470 518860 15.235 

1065 553.97 554.57 1189.9 0.02188 0.4091 72796 516980 :5283 

1055 552.82 553.09 1190.3 0 .2184 0.4135 72122 515102 :5268 

1045 551.66 551.60 1190.7 0.:2181 0.4179 71447 513216 :5250 

1035 550.50 550.11 1191.1 0.02!77 0.4224 70773 511335 15229 

1025 549.32 548.60 1191.4 0.02173 0.4269 70099 509442 "52C5 

1015 548.14 547.09 1191.8 0.-2170 0.4316 69425 507556 15179 

1005 546.95 545.57 1192.2 0.02166 0.4363 68751 505664 :515I 

995 545.75 544.04 1192.6 0.02163 0.4412 68076 503775 15118 

985 544.54 542.51 1192.9 0.02159 0.4461 67402 501877 150:3 

975 543.32 540.96 1193.3 0.02155 0.4511 66728 499979 :5046 

965 542.10 539.40 1193.7 0.02152 0.4562 66054 498076 :5007 

955 540.86 537.85 1194.0 0.02148 0.4615 65379 496171 :4965 

945 539.61 536.27 1194.4 0.02145 0.4668 64705 494264 :4920 

935 538.35 534.70 1194.7 0.02141 0.4722 64031 492352 14873 

925 537.09 533.11 1195.1 0.02137 0.4778 63357 490444 14823 

915 535.81 531.51 1195.4 0.02134 0.4834 62683 488524 14771 

905 534.52 529.90 1195.7 0.02130 0.4892 62008 486600 14716 

895 533.22 528.28 1196.1 0.02127 0.4951 61334 484671 :4659 

885 531.91 526.65 1196.4 0.02123 0.5011 60660 482740 :460 

875 530.59 525.02 1196.7 0.02119 0.5072 59986 480810 :4538 

865 529.26 523.37 1197.0 0.02116 0.5135 59311 478871 :44-4 

855 527.92 521.71 1197.3 0.32!12 0.5199 58637 476927 :4407 

845 526.56 520.04 1197.7 0.02109 0.5265 57963 474977 14338 

835 525.20 518.35 1198.0 0.02105 0.5332 57289 473019 14267 

825 523.82 516.66 1198.3 0.02101 0.5401 56614 471061 14.34 

815 522.42 514.95 1198.5 0.02098 0.5471 55940 469088 14118 

805 521.02 513.24 1198.8 0.02394 0.5543 55266 467123 14040 

795 519.60 511.50 1199.1 0.02090 0.5617 54592 465138 :3560 

785 518.16 509.76 1199.4 0.02087 0.5692 53918 463155 13878 

775 516.72 508.00 1199.7 0.02083 0.5769 53243 461159 13793 

765 515.26 506.24 1199.9 0.02080 0.5848 52569 459165 13706 

755 513.78 504.45 1200.2 0.02076 0.5929 51895 457153 13618 

745 512.30 502.65 1200.4 0.02072 0.6012 51221 455136 13527 

735 510.80 500.84 1200.7 0.02069 0.6097 50546 453117 :3433 

725 509.28 499.01 1200.9 0.02065 0.6185 49872 451088 13338 

715 507.74 497.17 1201.2 0.02061 0.6275 49198 449042 13241 

705 506.19 495.31 1201.4 0.02058 0.6367 48524 446997 13141 

695 504.62 493.43 1201.6 0.02054 0.6461 47850 444936 13039 

685 503.03 491.54 1201.8 0.02050 0.6559 47175 442865 !2336 

675 501.43 489.64 1202.1 0.02047 0.6658 46501 440790 !2830 

665 499.81 487.71 1202.3 0.02043 0.6761 45827 438699 !2-22 

655 498.17 485.77 1202.5 0.02039 0.6867 45153 436600 126-13 

645 496.52 483.81 1202.7 0.02036 0.6976 44478 434488 12531 

635 494.84 481.83 1202.8 0.02032 0.7088 43804 432363 !2387 

625 493.14 479.83 1203.0 0.02028 0.7203 43130 430225 12271 

615 491.43 477.82 1203.2 0.02024 0.7322 42456 428084 12:53 

605 489.69 475.78 1203.4 0.02021 0.7445 41782 425920 !233 

595 487.93 473.72 1203.5 0.02017 0.7571 41107 423745 1:911 

585 486.15 471.64 1203.7 0.02013 0.7701 40433 421556 11788 

575 484.35 469.53 1203.8 0.02009 0.7836 39759 419350 11662 

565 482.52 467.40 1203.9 0.02005 0.7975 39085 417131 11534 

555 480.66 465.25 1204.1 0.02002 0.8119 38410 414894 11404



JAF-CALC-MISC-03116, R0, Att. 30 p. 7

545 478.78 

535 476.88 

525 474.95 

515 472.99 
505 471.01 

495 468.99 

485 466.95 
475 464.87 

465 462.76 

455 460.61 

445 458.43 

435 456.21 

425 453.96 

415 451.67 

405 449.33 
395 446.95 

385 444.53 
375 442.06 

365 439.53 
355 436.96 

345 434.33 

335 431.65 

325 428.91 

315 426.10 

305 423.22 

295 420.27 

285 417.26 

275 414.16 

265 410.97 

255 407.70 

245 404.33 

235 400.87 

225 397.28 

215 393.59 

205 389.76 

200 387.79 

195 385.79 

190 383.76 

185 381.67 

180 379.56 

175 377.40 

170 375.19 

165 372.94 
160 370.64 

155 368.28 

150 365.87 

145 363.40 

140 360.87 

135 358.27 
130 355.61 

125 352.87 

120 350.06 

115 347.15 

110 344.17 

105 341.08 

100 337.89 
95 334.59 

90 331.16 

85 327.60 

80 323.90 

75 320.04 

70 316.01 

65 311.78 

60 307.33 

55 302.64 

50 297.67

463.07 
460.87 

458.64 

456.39 

454.11 
451,80 

449.45 

447.08 
444.68 

442.24 

439.76 

437.25 

434.69 

432.11 

429.48 
426.80 

424.09 

421.32 

418.51 

415.64 
412.72 

409.74 

406.71 
403.60 

400.43 
397.20 

393.89 
390.50 

387.01 

383.45 
379.79 
376.03 

372.15 

368.16 
364.04 
361.93 
359.78 

357.60 

355.38 
353.10 

350.80 

348.44 
346.04 
343.59 

341.09 

338.52 
335.91 
333.23 
330.48 

327.67 
324.78 
321.82 

318.76 

315.63 

312.39 

309.05 

305.59 
302.02 

298.31 
294.46 

290.44 
286.26 

281.88 

277.28 

272.44 

267.31

1204.2 
1204.3 

1204.4 

1204.5 

1204.5 

1204.6 

1204.7 

1204.7 

1204.8 

1204.8 

1204.8 

1204.8 

1204.8 

1204.8 

1204.7 
1204.7 

1204.6 

1204.5 
1204.4 

1204.3 

1204.1 

1204.0 

1203.8 

1203.6 

1203.4 
1203.1 
1202.9 

1202.6 

1202.3 
1201.9 

1201.5 

1201.1 

1200.6 
1200.1 

1199.6 

1199.3, 
1199.0 

1198.6 
1198.3 

1198.0 
1197.6 

1197.2 

1196.8 
1196.4 

1196.0 
1195.5 

1195.1 

1194.6 
1194.0 
1193.5 
1192.9 

1192.3 

1191.7 
1191.0 

1190.3 

1189.6 

1188.8 

1188.0 
1187.1 
1186.2 

1185.2 
1184.1 
1183.0 

1181.8 

1180.5 

1179.1

0.01998 
0.01994 

0.01990 

0.01986 

0.01982 
0.01978 

0.01974 

0.01970 

0.01966 

0.01962 

0.01958 

0.01954 

0.01950 

0.01946 
0.01942 

0.01938 

0.01934 
0.01929 
0.01925 

0.01921 
0.01916 

0.01912 

0.01908 
0.01903 

0.01899 

0.01894 
0.01889 
0.01885 

0.01880 
0.01875 

0.01870 

0.01865 
0.01860 

0.01855 
0.01849 

0.01847 

0.01844 

0.01841 
0.01839 

0.01836 

0.01833 

0.01830 
0.01827 
0.01824 
0.01821 

0.01818 

0.01815 
0.01812 
0.01809 

0.01806 
0.01802 
0.01799 

0.01796 

0.01792 
0.01789 

0.01785 

0.01781 

0.01778 

0.01774 

0.01770 
0.01766 
0.01761 

0.01757 
0.01753 

0.01748 

0.01743

0.8268 
0.8422 

0.8582 

0.8747 

0.8919 

0.9097 

0.9282 
0.9474 

0.9674 

0.9882 
1.0099 

1.0325 

1.0561 

1.0807 

1.1065 

1.1335 
1.1618 

1.1915 

1.2227 
1.2556 

1.2902 

1.3267 
1.3652 

1.4061 

1.4493 
1.4953 
1.5443 

1.5964 

1.6522 
1.7120 

1.7762 

1.8453 

1.9200 
2.0010 

2.0891 

2.1360 

2.1852 
2.2367 

2.2906 
2.3472 

2.4067 
2.4693 

2.5353 
2.6048 
2.6784 
2.7562 

2.8387 

2.9264 
3.0197 
3.1192 
3.2256 

3.3396 

3.4620 
3.5940 

3.7365 

3.8910 
4.0590 

4.2425 

4.4437 
4.6654 

4.9109 

5.1843 
5.4907 

5.8367 

6.2304 

6.6827

37736 
37062 

36388 
35714 

35039 

34365 

33691 
33017 

32342 

31668 

30994 

30320 

29646 

28971 
28297 

27623 

26949 

26274 
25600 

24926 

24252 
23578 

22903 
22229 

21555 

20881 

20206 
19532 
18858 

18184 

17510 
16835 

16161 

15487 

14813 
14476 

14138 
13801 

13464 
13127 

12790 

12453 
12116 
11779 
11442 

11104 

10767 
10430 
10093 

9756 

9419 
9082 

8745 

8408 
8070 

7733 

7396 
7059 

6722 

6385 
6048 

5711 

5374 
5036 

4699 

4362

412636 
410365 

408072 

405760 

403432 

401076 

398698 
396298 

393876 

391427 

388948 

386443 

383910 

381347 

378748 

376113 

373449 
370742 

367998 

365214 

362377 
359498 

356570 

353581 

350536 

347431 

344259 

341014 
337691 

334290 

330798 

327210 

323515 
319707 

315773 

313741 

311672 

309569 
307420 

305227 
302990 

300701 

298363 

295964 
293504 
290979 

288385 

285711 

282959 
280117 

277182 

274140 

270981 

267703 

264279 

260703 

256959 

253026 
248870 

244459 

239747 

234698 
229238 

223300 
216769 

209478

11273 
11139 

11004 

10866 

10727 

10585 

10442 

10297 

10150 

10001 

9850 

9697 

9542 

9385 

9226 

9065 

8902 

8738 

8571 

8402 

8231 

8058 

7883 

7706 

7527 
7346 

7162 

6977 
6789 

6598 
6406 

6211 

6014 

5814 

5612 

5510 

5408 

5304 

5200 
5096 

4990 

4884 

4778 

4670 
4562 

4453 

4343 

4233 

4122 
4009 

3896 

3783 
3668 

3552 

3436 

3318 

3200 

3080 

2959 

2837 
2715 

2591 
2465 

2339 

2211 

2082

prpv erpv dmg_srv mf-sp dt t qdh esp tsp
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(psig] [Btu] 
1145 4.79e+008 
1135 4.77e+008 
1125 4.75e+008 
1115 4.73e+008 
1105 4.71e+008 
1095 4.69e+008 
1085 4.66e+008 
1075 4.64e+008 
1065 4.62e+008 
1055 4.60e+008 
1045 4.58e+008 
1035 4.56e+008 
1025 4.54e+008 
1015 4.51e+008 
1005 4.49e+008 

995 4.47e+008 
985 4.45e+008 
975 4.43e+008 
965 4.40e+008 
955 4.38e+008 
945 4.36e+008 
935 4.34e+008 
925 4.32e+008 
915 4.29e+008 
905 4.27e+008 
895 4.25e+008 
885 4.23e+008 
875 4.20e+008 
865 4.18e+008 
855 4.16e+008 
845 4.14e+008 
835 4.lle+008 
825 4.09e+008 
815 4.07e+008 
805 4.04e+008 
795 4.02e+008 
785 4.00e+008 
775 3.98e+008 
765 3.95e+008 
755 3.93e+008 
745 3.90e+008 
735 3.88e+008 
725 3.86e+008 
715 3.83e+008 
705 3.81e+008 
695 3.78e+008 
685 3.76e+008 
675 3.74e+008 
665 3.71e+008 
655 3.69e+008 
645 3.66e+008 
635 3.64e+008 
625 3.61e+008 
615 3.59e+008 
605 3.56e+008 
595 3.54e+008 
585 3.51e+008 
575 3.48e+008 

565 3.46e+008 
555 3.43e+008 
545 3.41e+008 
535 3.38e+008 
525 3.35e+008 
515 3.33e+008 
505 3.30e+008 
495 3.27e+008 

485 3.24e+008

(Ibm] 
0.0 

1867.9 
1867.4 

1872.9 

1878.3 

1882.5 

1884.3 

1891.2 

1892.1 

1893.8 

1904.5 

1902 .0 

1915.9 

1913.2 
1920.4 

1921.6 

1931.8 
1935.5 

1942.2 

1946.6 
1951.7 

1959.8 

1957.6 

1972.5 
1978.8 

1985.1 

1991.3 
1991.7 

2003.5 
2010.5 

2018.1 
2029.6 

2030.8 
2048.4 

2044.1 
2064.3 
2065.8 

2080.1 

2081.6 

2100.0 

2108.0 

2112.9 
2124.3 
2143.1 
2144.9 
2162.5 

2174.3 

2180.6 

2198.6 

2209.2 

2223.2 
2239.1 

2253.9 
2259.6 

2282.9 
2297.2 

2312.6 

2332.1 
2346.4 

2366.6 

2390.1 

2404.2 

2428.9 

2448.9 
2468.4 

2497.3 

2520.7

[Ibm] 
4042129 

4043997 

4045865 

4047738 

4049616 

4051498 
4053383 

4055274 

4057166 
4059060 

4060964 

4062866 
4064782 

4066695 

4068616 
4070537 

4072469 

4074404 
4076347 

4078293 
4080245 

4082205 
4084162 

4086135 

4088114 
4090099 

4092090 

4094082 

4096085 
4098096 

4100114 

4102143 
4104174 
4106223 
4108267 

4110331 

4112397 
4114477 

4116559 

4118659 
4120767 

4122880 
4125004 
4127147 
4129292 
4131454 

4133629 

4135809 

4138008 

4140217 

4142440 

4144679 

4146933 
4149193 

4151476 

4153773 

4156086 
4158418 

4160764 
4163131 

4165521 

4167925 

4170354 

4172803 

4175271 
4177768 

4180289

lr-ý . I 
0.1^00 
0. 241 

0.:243 

0.:246 

0.:249 

0.:252 

0.:254 

0.:257 

0.2260 

0.:263 
0.-267 

0.:269 

0.2273 
0 :276 

0.:279 
0.2282 

0.-287 
0C.290 
0."294 

0.:298 
0--302 

0C3306 

02:309 

C.0315 
023319 

0.0324 

0.0328 
0.3332 

C.0338 
0-0343 

0. 0348 

0. 3354 

C.0359 

0. 0366 
0.0370 
0.0378 

0.0383 

-<0391 

C.0396 
0.-0405 

0.0412 

0.0418 
0. 0426 
0.0436 
0. 0442 
C.0452 

0.0461 

:.0469 
:.0480 

:.0489 

0.0500 
2.0511 

2.0523 
2.0532 

:.0546 

2.0559 

.. 0572 

2.0587 

2.0600 

3.0616 

0.0633 

2.0649 

Z.0668 
0.0686 

0.0704 

3.0727 

3.0748

[min. ] 
2.000 

2.024 

2.048 

2.073 

2.098 

2.123 
2.148 

2.174 

2.200 
2.226 

2.253 

2.280 

2.307 

2.335 

2.363 
2.391 

2.420 

2.449 
2.478 

2.508 
2.538 

2.569 

2.600 
2.631 

2.663 
2.695 

2.728 

2.761 

2.795 
2.829 

2.864 

2.900 
2.935 
2.972 
3.009 

3.047 
3.085 

3.124 

3.164 

3.204 

3.246 

3.287 

3.330 
3.373 
3.418 
3.463 

3.509 

3.556 

3.604 
3.653 

3.703 
3.754 
3.806 

3.859 

3.914 

3.970 
4.027 

4.086 

4.146 

4.207 

4.271 

4.336 

4.402 

4.471 

4.541 

4.614 

4.689

[Btu/min.] 
4381320 

4374717 

4368058 

4361320 

4354502 

4347608 

4340644 

4333591 

4326469 

4319274 

4311970 

4304606 

4297117 

4289566 

4281912 

4274178 

4266324 

4258376 

4250319 

4242161 

4233896 

4225509 

4217043 

4208420 
4199676 

4190807 

4181812 

4172714 
4163458 

4154063 
4144523 

4134815 
4124986 

4114952 

4104817 
4094456 

4083957 

4073252 

4062402 

4051314 
4040037 

4028582 

4016911 
4004975 
3992863 

3980479 

3967850 

3955000 
3941854 

3928448 

3914751 

3900745 
3886426 

3871842 

3856870 

3841557 
3829395 

3820936 

3812278 

3803392 

3794258 

3784903 

3775276 

3765387 

3755227 

3744747 

3733957

[Stu) 
4.21e+008 
4 . 24e+008 
4. 26e+008 

4 .28e+008 

4.30e+008 

4. 32e+008 

4.35e+008 

4.37e+008 
4.39e-008 

4 .41e+008 

4.44e+008 

4 .46e+008 

4 .48e+008 

4 .Sle.008 

4. 53e+008 

4. 55e*008 

4.57e-008 

4 .60e+008 

4. 62e+008 

4. 64e+008 

4. 67e+008 

4 .69e+008 

4 71e+008 

4 74e+008 
4. 76e+008 

4.78et008 

4.81e+008 

4.83e+008 

4 .86e+008 

4 .88e+008 
4.90e+008 

4.93e+008 
4.95e+008 

4. 98e+008 

5. 00e+008 
5.03e+008 

5. 05e+008 
5.08e+008 

5.10e+008 

5. 13e+008 

5. l5e+008 
5. 18e+008 

5. 20e+008 

5. 23e.008 
5. 25e+008 
5.28e+008 

5.31e+008 

5.33e+008 

5.36e+008 

5.39e+008 

5.41e+008 

5.44e+008 
5.47e+008 

5.49e÷008 
5.52e+008 

5.55e+008 

5.58e+008 

5.60e+008 

5.63e+008 

5.66e+008 

5.69e+008 

5.72e+008 

5. 75e+008 

S. 78e+008 

5.81e+008 

5.84e+008 

5.87e+008

(*F] 
136.2 

136.7 

137.2 

137.7 

138.2 

138.7 

139.2 

139.7 

140.2 

140.7 

141.3 

141.8 

142.3 

142.8 

143.3 

143.8 

144.3 

144.8 

145.3 

145.9 

146.4 

146.9 

147.4 

147.9 

148.5 

149.0 

149.5 

150.0 

150.6 

151.1 

151.6 

152.2 

152.7 
153.2 

153.8 
154.3 

154.8 

155.4 
155.9 

156.5 

157.0 
157.6 

158.1 
158.7 
159.2 

159.8 
160.4 

160.9 
161.5 

162.1 

162.7 

163.2 

163.8 

164.4 

165.0 
165.6 

166.2 

166.8 

167.4 

168.0 

168.6 

169.2 

169.8 

170.5 

171.1 
171.7 

172.4
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475 3.22e+008 2545.1 4182834 0.0771 4.766 3722840 5.90e+008 173.0 

465 3.19e+008 2569.0 4185403 0.0794 4.845 3711384 5.93e+008 173.7 

455 3.16e+008 2597.9 4188001 0.0820 4.927 3699553 5.96e4008 174.3 

445 3.13e+008 2630.4 4190632 0.0849 5.012 3687314 5.99e+008 175.0 

435 3.10e+008 2658.0 4193290 0.0877 5.100 3674671 6.02e4008 175.7 

425 3.07e+008 2688.3 4195978 0.0907 5.191 3661593 6.06e+008 176.4 

415 3.04e+008 2719.4 4198697 0.0939 5.284 3648057 6.09e+008 177.0 

405 3.01e+008 2757.7 4201455 0.0975 5.382 3634002 6.12e+008 177.7 

395 2.98e+008 2796.4 4204251 0.1012 5.483 3619402 6.16e+008 178.4 

385 2.95e+008 2826.6 4207078 0.1049 5.588 3634275 6.19e+008 179.2 

375 2.92e+008 2872.0 4209950 0.1093 5.697 3588511 6.23e+008 179.9 

365 2.89e+008 2910.5 4212861 0.1137 5.811 3572115 6.26e+008 180.6 

355 2.86e+008 2953.3 4215814 0.1185 5.929 3555028 6.30e+008 181.3 

345 2.83e+008 3007.0 4218821 0.1240 6.053 3539537 6.33e+008 182.1 

335 2.80e+008 3052.4 4221873 0.1295 6.183 3526654 6.37e+008 182.9 

325 2.76e+008 3103.3 4224977 0.1355 6.318 3513171 6.41e+008 183.6 

315 2.73e+008 3165.3 4228142 0.1424 6.461 3499002 6.44e+008 184.4 

305 2.70e+008 3224.1 4231366 0.1496 6.610 3484117 6.48e÷008 185.2 

295 2.66e+008 3287.2 4234653 0.1574 6.768 3468452 6.52e+008 186.0 

285 2.63e+008 3354.9 4238008 0.1660 6.934 3451930 6.56e+008 186.9 

275 2.59e+008 3430.8 4241439 0.1756 7.110 3434452 6.60e+008 187.7 

265 2.56e+008 3510.5 4244949 0.1862 7.296 3415927 6.65e+008 188.6 

255 2.52e+008 3591.9 4248541 0.1975 7.493 3396271 6.69e+008 189.5 

245 2.48e+008 3684.3 4252226 0.2104 7.704 3375332 6.73e+008 190.4 

235 2.44e+008 3782.7 4256008 0.2247 7.928 3352973 6.78e+008 191.3 

225 2.40e+008 3891.5 4259900 0.2408 8.169 3332670 6.83e+008 192.2 

215 2.36e+008 4008.3 4263908 0.2588 8.428 3312514 6.87e+008 193.2 

205 2.32e+008 4136.1 4268044 0.2792 8.707 3290768 6.92e+008 194.2 

200 2.30e+008 2134.1 4270178 0.1474 8.855 3279287 6.95e+008 194.7 

195 2.28e+008 2171.4 4272350 0.1536 9.008 3267327 6.98e+008 195.3 

190 2.26e+008 2205.8 4274556 0.1598 9.168 3254880 7.00e+008 195.8 

185 2.24e+008 2253.6 4276809 0.1674 9.335 3241845 7.03e+008 196.4 

180 2.22e+008 2297.7 4279107 0.1750 9.510 3228214 7.06e+008 196.9 

175 2.19e+008 2341.9 4281449 0.1831 9.694 3213955 7.08e+008 197.5 

170 2.17e+008 2395.7 4283844 0.1924 9.886 3198972 7.11e+008 198.1 

165 2.15e+008 2444.7 4286289 0.2018 10.088 3184953 7.14e+008 198.6 

160 2.12e+008 2505.8 4288795 0.2127 10.300 3172496 7.17e+008 199.2 

155 2.10e+008 2568.8 4291364 0.2245 10.525 3159350 7.20e+008 199.9 

150 2.08e+008 2633.2 4293997 0.2371 10.762 3145466 7.23e+008 200.5 

145 2.05e+008 2704.5 4296701 0.2512 11.013 3130759 7.27e+008 201.1 

140 2.03e+008 2784.6 4299486 0.2670 11.280 3115127 7.30e+008 201.8 

135 2.00e+008 2863.4 4302349 0.2837 11.564 3098516 7.33e+008 202.5 

130 1.98e+008 2953.5 4305303 0.3027 11.867 3080790 7.37e+008 203.2 

125 1.95e+008 3048.4 4308351 0.3236 12.190 3061840 7.41e+008 203.9 
120 1.92e+008 3155.5 4311507 0.3475 12.538 3041496 7.44e+008 204.7 

115 1.89e+008 3274.0 4314781 0.3744 12.912 3019574 7.48e+008 205.4 

110 1.86e+008 3393.6 4318174 0.4036 13.316 2995940 7.52e+008 206.2 

105 1.83e+008 3540.2 4321714 0.4387 13.754 2970256 7.57e+008 207.1 

100 1.80e+008 3693.7 4325408 0.4776 14.232 2942289 7.61e+008 207.9 

95 1.77e+008 3862.4 4329271 0.5222 14.754 2911712 7.66e÷008 208.8 

90 1.74e+008 4052.4 4333323 0.5741 15.328 2883403 7.70e+008 209.8 

85 1.71e+008 4276.6 4337600 0.6362 15.965 2856427 7.75e+008 210.8 
80 1.67e+008 4533.1 4342133 0.7100 16.675 2826324 7.81e+008 211.8 

75 1.64e+008 4835.3 4346968 0.7995 17.474 2792425 7.87e+008 212.9 

70 1.60e+008 5172.7 4352141 0.9058 18.380 2754019 7.93e+008 214.1 

65 1.56e+008 5585.0 4357726 1.0393 19.419 2709951 7.99e+008 215.4 

60 1.52e+008 6064.3 4363790 1.2041 20.623 2664651 8.06e+008 216.8 

55 1.48e+008 6659.2 4370449 1.4171 22.040 2617647 8.14e+008 218.3 

50 1.43e+008 7420.5 4377870 1.7011 23.741 2561222 8.23e+008 220.0 

torus water level = 10.00 ft 

prpv trpv hfrpv hgrpv vf_rpv vg-rpv wsrv mf-rpv mg-rpv 
[psig] [*F] [Btu/lbm] [Btu/lbm] [ft3/1bm] [ft3/lbm] [ibm/min.] [ibm] [lbm] 

1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 15300 

1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 15309 

1125 560.70 563.31 1187.4 0.02210 0.3847 76841 528251 15314 

1115 559.60 561.87 1187.8 0.02206 0.3886 76167 526376 15316
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1105 

1095 
1085 

1075 

1065 

1055 

1045 
1035 

1025 

1015 
1005 

995 
985 

975 

965 

955 
945 

935 
925 

915 
905 
895 
885 

875 

865 

855 
845 
835 
825 

815 
805 
795 

785 

775 
765 
755 

745 

735 

725 
715 

705 
695 

685 
675 
665 

655 

645 
635 

625 
615 

605 
595 
585 
575 

565 
555 

545 

535 
525 

515 

505 
495 

485 
475 
465 

455 

445 

435

558.49 
557.37 

556.24 
555.11 

553.97 

552.82 

551.66 

550.50 
549.32 

548.14 

546.95 

545.75 

544 .54 

543.32 

542.10 

540.86 

539.61 

538.35 
537.09 

535.81 

534.52 
533.22 

531.91 
530.59 

529.26 

527.92 

526.56 

525.20 
523 .82 
522.42 

521.02 

519 .60 
518.16 

516 .72 
515.26 

513.78 
512.30 

510.80 

509.28 
507.74 
506.19 

504.62 

503.03 
501.43 
499.81 
498.17 

496.52 
494.84 
493.14 

491.43 

489.69 

487.93 
486.15 

484.35 

482.52 

480.66 

478.78 

476.88 
474.95 

472.99 

471.01 
468.99 

466.95 

464.87 
462.76 
460.61 

458.43 

456.21

560.42 
558.97 

557.51 

556.04 
554.57 

553.09 

551.60 

550.11 

548.60 

547.09 
545.57 

544.04 

542.51 

540.96 

539.40 

537.85 

536.27 

534.70 

533.11 

531.51 

529.90 

528.28 
526.65 

525.02 

523.37 
521.71 

520.04 

518.35 

516.66 
514.95 
513.24 

511.50 

509.76 
508.00 
506.24 

504.45 

502.65 
500.84 

499.01 

497.17 
495.31 
493.43 

491.54 
489.64 
487.71 
485.77 

483.81 

481.83 
479.83 

477.82 
475.78 

473.72 

471.64 
469.53 

467.40 

465.25 
463.07 

460.87 

458.64 

456.39 
454.11 

451.80 

449.45 
447.08 
444.68 

442.24 

439.76 

437.25

1188.3 
1188.7 
1189.1 

1189.5 

1189.9 

1190.3 

1190.7 
1191.1 

1191.4 

1191.8 

1192.2 

1192.6 

1192.9 

1193.3 

1193.7 

1194.0 

1194.4 

1194.7 

1195.1 
1195.4 

1195.7 
1196.1 

1196.4 
1196.7 

1197.0 

1197.3 
1197.7 

1198.0 

1198.3 
1198.5 
1198.8 

1199.1 

1199.4 

1199.7 
1199.9 

1200.2 

1200.4 

1200.7 
1200.9 

1201.2 

1201.4 
1201.6 
1201.8 
1202.1 
1202.3 

1202.5 

1202.7 
1202.8 

1203.0 

1203.2 
1203.4 

1203.5 
1203.7 
1203 .8 

1203.9 

1204.1 

1204 .2 

1204.3 

1204.4 

1204.5 

1204.5 
1204.6 

1204.7 
1204.7 
1204.8 

1204.8 

1204.8 

1204.8

0.02202 
0.02199 

0.02195 

0.02192 

0.02188 

0.02184 

0.02181 
0.02177 

0.02173 

0.02170 

0 .2166 

0.02163 

0.02159 

0. 02155 

0.02152 

0.02148 

0.02145 
0.02141 
0.02137 

0.02134 

0.02130 
0.32127 

0.32123 

0.32119 

0.02116 

0.32112 

0.02109 
0.02105 

0.02101 

0.02098 
0.02094 

0.02090 
0.02087 

0.02083 
0.02080 

0.02076 
0.02072 

0.02069 
0.02065 

0.02061 
0.02058 

0.02054 

0.02050 
0.02047 
0.02043 

0.02039 

0.02036 

0.02032 

0.02028 
0.02024 

0.02021 
0.02017 
0.02013 

0.02009 

0.02005 
0.02002 

0.01998 

0.01994 

0.01990 

0.01986 
0.01982 

0.01978 

0.01974 
0.01970 
0.01966 

0.01962 

0.01958 

0.01954

0.3926 
0.3966 

0.4007 

0.4049 

0.4091 

0.4135 

0.4179 

0.4224 

0.4269 

0.4316 
0.4363 

0.4412 

0.4461 
0.4511 

0.4562 

0.4615 

0.4668 

0.4722 

0.4778 
0.4834 
0.4892 

0.4951 

0.5011 

0.5072 

0.5135 

0.5199 
0.5265 

0.5332 

0.5401 
0.5471 

0.5543 

0.5617 
0.5692 
0.5769 
0.5848 

0.5929 

0.6012 
0.6097 

0.6185 

0.6275 
0.6367 
0.6461 

0.6559 
0.6658 
0.6761 
0.6867 
0.6976 

0.7088 

0.7203 
0.7322 

0.7445 
0.7571 

0.7701 
0.7836 

0.7975 

0.8119 

0.8268 

0.8422 

0.8582 
0.8747 

0.8919 

0.9097 

0.9282 

0.9474 
0.9674 

0.9882 
1.0099 

1.0325

75493 
74819 

74144 

73470 

72796 

72122 

71447 

70773 
70099 

69425 

68751 

68076 

67402 

66728 

66054 
65379 

64705 
64031 
63357 

62683 
62008 

61334 

60660 

59986 
59311 

58637 

57963 
57289 

56614 
55940 

55266 
54592 

53918 

53243 
52569 

51895 

51221 

50546 
49872 

49198 

48524 

47850 
47175 

46501 
45827 

45153 
44478 

43804 

43130 

42456 
41782 

41107 
40433 

39759 
39085 

38410 

37736 
37062 

36388 

35714 
35039 

34365 

33691 
33017 
32342 

31668 

30994 

30320

524498 
522619 

520742 

518860 

516980 

515102 

513216 

511335 

509442 

507556 
505664 

503775 
501877 

499979 

498076 
496171 

494264 

492352 
490444 

488524 

486600 
484671 

482740 

480810 

478871 
476927 

474977 
473019 

471061 
469088 

467123 

465138 
463155 

461159 
459165 

457153 
455136 

453117 

451088 
449042 
446997 

444936 

442865 
440790 
438699 

436600 
434488 

432363 

430225 

428084 

425920 
423745 
421556 

419350 

417131 
414894 

412636 

410365 

408072 

405760 

403432 

401076 

398698 

396298 
393876 

391427 

388948 

386443

15315 
15312 
15305 
15295 
15283 
15268 
15250 
15229 
15205 
15179 
15150 
15118 
15083 
15046 
15007 
14965 
14920 
14873 
14823 
14771 
14716 
14659 
14600 
14538 
14474 
14407 
14338 
14267 
14194 
14118 
14040 
13960 
13878 
13793 
13706 
13618 
13527 
13433 
13338 
13241 
13141 
13039 
12936 
12830 
12722 
12613 
12501 
12387 
12271 
12153 
12033 
11911 
11788 
11662 
11534 
11404 
11273 
11139 
11004 
10866 
10727 
10585 
10442 
10297 
10150 
10001 

9850 
9697
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425 
415 

405 

395 
385 

375 

365 

355 

345 
335 
325 

315 
305 

295 

285 

275 

265 

255 
245 

235 

225 
215 

205 

200 
195 

190 

185 
180 

175 
170 

165 

160 
155 
150 

145 
140 

135 
130 
125 

120 
115 
110 

105 
100 

95 
90 

85 

80 

75 
70 

65 
60 

55 
50 

prpv 
[psig 
1145 

1135 
1125 

1115 

1105 
1095 

1085 
1075 

1065 

1055 
1045

453.96 43 

451.67 43 

449.33 42 

446.95 42 

444.53 42 

442.06 42 

439.53 41 

436.96 41 

434.33 41 

431.65 40 

428.91 4C 

426.10 40 

423.22 4C 

420.27 39 

417.26 39 

414.16 39 

410.97 38 

407.70 38 

404.33 37 

400.87 3• 

397.28 3• 

393.59 36 

389.76 36 

387.79 36 

385.79 35 

383.76 3! 

381.67 3! 

379.56 3! 

377.40 3! 

375.19 3, 

372.94 3 

370.64 3, 

368.28 3.  

365.87 3 

363.40 3.  

360.87 3 

358.27 3 

355.61 3 

352.87 3 

350.06 3 

347.15 3 

344.17 3 

341.08 3 

337.89 3 

334.59 3 
331.16 3 

327.60 2 

323.90 2 

320.04 2 

316.01 2 

311.78 2 

307.33 2 

302.64 2 

297.67 2 

erpv 
[Btu] 

4.79e+008 
4.77e+008 
4.75e+008 
4.73e+008 
4.71e+008 
4.69e+008 
4.66e+008 
4.64e+008 

4.62e+008 
4 .60e+008 

4.58e+008

4.69 
2.11 

9.48 

6.80 

4.09 
1.32 

8.51 
.5.64 

.2.72 

9.74 
6.71 
33.60 

60.43 
97.20 

63.89 

90.50 

87.01 
63.45 
79.79 
6.03 

72.15 
68.16 
64.04 

61.93 
59.78 

57.60 

55.38 
53 .10 

50.80 

48.44 
46.04 
43.59 
41.09 

38.52 
35.91 
33.23 

30.48 

27.67 

24.78 
21.82 

18.76 
15.63 

12.39 
09.05 
05.59 

02.02 
98.31 

94.46 
90.44 

86.26 

81.88 
77.28 

72.44 
67.31 

dmg_si 
[ibm] 

0.  

1867.  

1867.  

1872 
1878 

1882 

1884 
1891 

1892 

1893 

1904

1204.8 0.21950 

1204.8 0.:1946 

1204.7 0.:1942 

1204.7 0.:1938 

1204.6 0.:1934 

1204.5 0.1-929 

1204.4 0.:1925 

1204.3 0.1921 

1204.1 0.:1916 

1204.0 0.S1912 

1203.8 0.:1908 

1203.6 0.0'903 

1203.4 0.21899 

1203.1 0.:'894 

1202.9 0.^1889 

1202.6 0.^1885 

1202.3 0.^1880 

1201.9 0.-%875 

1201.5 0.01870 

1201.1 0.Z1865 

1200.6 0.01860 

1200.1 0.01855 

1199.6 0.01849 

1199.3 0.21847 

1199.0 0.01844 

1198.6 0.01841 

1198.3 0.01839 

1198.0 0.01836 

1197.6 0.01833 

1197.2 0.01830 

1196.8 0.01827 

1196.4 0.01824 

1196.0 0.01821 

1195.5 0.01818 

1195.1 0.01815 

1194.6 0.01812 

1194.0 0.01809 

1193.5 0.01806 

1192.9 0.01802 

1192.3 0.01799 

1191.7 0.01796 

1191.0 0.01792 

1190.3 0.01789 

1189.6 0.01785 

1188.8 0.01781 

1188.0 0.01778 

1187.1 0.01774 

1186.2 0.01770 

1185.2 0.01766 

1184.1 0.01761 

1183.0 0.01757 

1181.8 0.01753 

1180.5 0.01748 

1179.1 0.01743 

.v mf sp dt 

[ibm] [min.) 

.0 4281852 0.0000 

.9 4283720 0.0241 

.4 4285588 0.0243 

.9 4287460 0.0246 

.3 4289339 0.0249 

.5 4291221 0.0252 

.3 4293106 0.0254 

.2 4294997 0.0257 

.1 4296889 0.0260 

.8 4298783 0.0263 

.5 4300687 0.0267

1.0561 29646 
1.0807 28971 

1.1065 28297 

1.1335 27623 

1.1618 26949 

1.1915 26274 

1.2227 25600 

1.2556 24926 

1.2902 24252 

1.3267 23578 

1.3652 22903 

1.4061 22229 

1.4493 21555 

1.4953 20881 

1.5443 20206 

1.5964 19532 

1.6522 18858 

1.7120 18184 

1.7762 17510 

1.8453 16835 

1.9200 16161 

2.0010 15487 

2.0891 14813 

2.1360 14476 

2.1852 14138 

2.2367 13801 

2.2906 13464 

2.3472 13127 

2.4067 12790 

2.ý693 12453 

2.5353 12116 

2.6048 11779 

2.6784 11442 

2.7562 11104 

2.8387 10761 

2.9264 1043C 

3.0197 10093 

3.1192 975E 

3.2256 941S 

3.3396 908M 

3.4620 874! 

3.5940 840E 

3.7365 807( 

3.8910 773-
4.0590 739f 

4.2425 705! 

4.4437 672, 

4.6654 638! 

4.9109 6041 

5.1843 571' 

5.4907 537g 

5.8367 503( 

6.2304 469! 

6.6827 436: 

t qdh 
[min.] [Btu/min.) 

2.000 4381320 

2.024 4374717 

2.048 4368058 

2.073 4361320 

2.098 4354502 

2.123 4347608 

2.148 4340644 

2.174 4333591 

2.200 4326469 

2.226 4319274 

2.253 4311970

383910 
381347 

378748 

376113 

373449 
370742 

367998 

365214 

362377 
359498 

356570 

353581 

350536 
347431 

344259 

341014 

337691 
334290 

330798 

327210 
323515 
319707 

315773 

313741 
311672 

309569 

307420 

305227 

302990 
300701 
298363 

295964 

293504 
290979 

288385 
285711 

282959 

280117 
277182 

274140 

270981 

267703 
264279 

3 260703 
256959 

253026 

248870 

5 244459 

239747 

L 234698 

4 229238 
223300 

? 216769 
209478 

esp 
[Btu] 

4.66e+008 

4. 69e+008 

4.71e+008 

4.73e+008 

4.75e+008 

4.77e+008 

4. 80e+008 
4.82e+008 
4.84e+008 

4.86e+008 

4.89e+008

9542 
9385 

9226 
9065 

8902 

8738 

8571 

8402 

8231 

8058 

7883 

7706 
7527 

7346 

7162 

6977 

6789 

6598 
6406 

6211 

6014 
5814 

5612 

5510 

5408 

5304 
5200 

5096 
4990 

4884 
4778 

4670 
4562 

4453 

4343 
4233 

4122 

4009 

3896 
3783 
3668 

3552 

3436 
3318 
3200 

3080 
2959 

2837 

2715 

2591 

2465 
2339 

2211 
2082 

tsp 
[°F] 

140.9 

141.4 

141.9 
142.3 

142.8 

143.3 
143.7 
144.2 

144.7 

145.2 

145.6
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1035 

1025 
1015 

1005 

995 

985 

975 
965 

955 

945 

935 
925 

915 

905 

895 

885 

875 
865 
855 

845 
835 
825 

815 

805 
795 
785 

775 
765 
755 

745 
735 

725 
715 

705 
695 

685 
675 

665 
655 

645 
635 
625 

615 
605 
595 
585 
575 

565 
555 

545 

535 
525 
515 
505 

495 

485 

475 

465 

455 

445 

435 
425 

415 
405 

395 
385 

375 

365

4.56e÷008 
4.54e.008 

4.51e+008 

4. 49e+008 

4.47e+008 

4.45e÷008 

4. 43e÷008 

4.40e+008 

4 .38e+008 

4.36e+008 

4.34e+008 

4.32e+008 

4. 29e+008 

4. 27e+008 

4.25e÷008 
4. 23e+008 

4 .20e+008 

4 .18e+008 
4.16e+008 

4.14e+008 

4.11e+008 

4.09e+008 
4. 07e+008 

4. 04e+008 

4. 02e+008 
4.00e+008 

3. 98e+008 
3. 95e+008 

3.93e+008 
3 .90e+008 

3.88e+008 
3.86e+008 

3.83e+008 
3. Sle+008 

3. 78e+008 

3. 76e+008 

3. 74e+008 

3.71e+008 

3.69e+008 

3. 66e+008 
3.64e+008 

3 .61e+008 

3 .59e+008 
3 .56e+008 
3 .54e+008 
3. Sle+008 

3 .48e.008 

3 .46e+008 

3.43e+008 

3 .41e+008 
3.38e+008 

3.35e+008 
3 .33e+008 
3.30e+008 

3 .27e+008 

3 .24e+008 

3 22e÷008 

3 19e+008 

3. 16e+008 
3. 13e.008 

3 .10e+008 
3 07e+008 

3. 04e+008 

3. Ole+008 
2. 98e+008 

2. 95e÷008 

2.92e+008 

2.89e+008

1902.0 
1915.9 

1913.2 

1920.4 

1921.6 

1931.8 

1935.5 

1942.2 

1946.6 

1951.7 
1959.8 

1957.6 

1972.5 
1978.8 

1985.1 

1991.3 
1991.7 

2003.5 
2010.5 
2018.1 

2029.6 

2030.8 

2048.4 
2044.1 

2064.3 

2065.8 
2080.1 

2081.6 

2100.0 
2108.0 
2112.9 

2124.3 

2143.1 
2144.9 
2162.5 

2174.3 

2180.6 
2198.6 

2209.2 

2223 .2 
2239.1 
2253.9 

2259.6 
2282.9 
2297.2 

2312.6 
2332.1 

2346.4 
2366.6 

2390.1 
2404.2 

2428.9 
2448.9 

2468.4 
2497.3 

2520.7 

2545.1 

2569.0 

2597.9 

2630.4 

2658.0 

2688.3 

2719.4 

2757.7 
2796.4 

2826.6 
2872.0 

2910.5

4302589 
4304505 

4306418 

4308338 

4310260 

4312192 

4314127 
4316070 

4318016 

4319968 
4321928 

4323885 

4325858 

4327836 

4329822 

4331813 
4333805 
4335808 

4337819 

4339837 
4341866 

4343897 

4345946 

4347990 

4350054 

4352120 

4354200 
4356281 

4358381 

4360489 
4362602 

4364727 
4366870 

4369015 
4371177 
4373351 

4375532 

4377731 
4379940 

4382163 

4384402 
4386656 
4388916 
4391199 
4393496 

4395808 
4398140 

4400487 
4402853 

4405244 
4407648 

4410077 
4412526 

4414994 
4417491 

4420012 

4422557 

4425126 

4427724 

4430354 
4433012 

4435701 

4438420 
4441178 

4443974 

4446801 

4449673 

4452583

0.0269 
0.0273 

0.0276 

0.0279 

0.0282 

0.0287 

0.0290 
0.0294 

0.0298 

0.0302 

0.0306 

0. 0309 

0.0315 

0.0319 

0. 0324 

0. 0328 

0. 0332 
0. 0338 

0. 0343 

0.0348 
0.0354 

0.0359 

0.0366 

0.0370 
0.0378 

0.0383 

0.0391 
0.0396 

0.0405 

0.0412 

0.0418 
0.0426 

0.0436 

0.0442 

0.0452 
0.0461 

0.0469 

0.0480 
0.0489 

0.0500 

0.0511 
0.0523 
0.0532 

0.0546 
0.0559 

0.0572 
0.0587 

0.0600 

0.0616 

0.0633 
0.0649 
0.0668 

0.0686 
0.0704 

0.0727 

0.0748 

0.0771 

0.0794 

0.0820 

0.0849 

0.0877 
0.0907 

0.0939 
0.0975 
0.1012 

0.1049 

0.1093 

0.1137

2.280 
2.307 

2.335 

2.363 

2.391 

2.420 

2.449 
2.478 

2.508 

2.538 

2.569 

2.600 

2.631 

2.663 

2.695 
2.728 

2.761 

2.795 
2.829 

2.864 

2.900 
2.935 

2.972 

3.009 

3.047 
3.085 

3.124 

3.164 
3.204 

3.246 

3.287 
3.330 
3.373 

3.418 

3.463 

3.509 
3.556 

3.604 

3.653 
3.703 

3.754 
3.806 

3.859 
3.914 
3.970 

4.027 
4.086 

4.146 
4.207 

4.271 

4.336 
4.402 
4.471 

4.541 

4.614 
4.689 

4.766 

4.845 
4.927 

5.012 

5.100 
5.191 

5.284 

5.382 
5.483 
5.588 

5.697 

5.811

4304606 
4297117 

4289566 

4281912 

4274178 

4266324 

4258376 
4250319 

4242161 

4233896 

4225509 

4217043 

4208420 

4199676 

4190807 
4181812 

4172714 

4163458 

4154063 
4144523 

4134815 

4124986 

4114952 

4104817 

4094456 
4083957 

4073252 

4062402 

4051314 
4040037 
4028582 

4016911 

4004975 
3992863 

3980479 

3967850 
3955000 

3941854 

3928448 

3914751 
3900745 

3886426 
3871842 

3856870 
3841557 
3829395 

3820936 

3812278 
3803392 

3794258 
3784903 

3775276 
3765387 
3755227 

3744747 

3733957 
3722840 

3711384 

3699553 

3687314 

3674671 
3661593 

3648057 

3634002 
3619402 

3604275 
3588511 

3572115

4 .91e+008 
4 .93e+008 

4.96e+008 

4 .98e+008 

5. 00e+008 

5. 02e+008 

5. 05e+008 

5. 07e,008 

5. 09e+008 

5. 12e+008 
5. 14e+008 

5.16e+008 

5. 19e+008 
5. 21e+008 

5 .24e+008 

5.26e+008 
5.28e+008 

5.31e+008 

5. 33e+008 

5. 36e+008 

5. 38e+008 

5.40e+008 

5.43e+008 

5.45e÷008 

5.48e+008 

5. 50e÷008 
5. 53e+008 

5. 55e+008 

5. 58e+008 
5. 60e+008 

5. 63e+008 
5. 65e+008 

5. 68e+008 
5 71e+008 

5. 73e+008 

5. 76e+008 

5 78e+008 

5. 81e+008 
5. 84e+008 

5. 86e+008 
5. 89e+008 
5.92e+008 

5.94e+008 

5. 97e+008 
6.00e+008 
6.03e+008 

6. 06e+008 

6.08e+008 

6. l1e+008 
6. 14e+008 

6. 17e+008 

6. 20e+008 

6. 23e+008 
6.26e+008 

6.29e+008 

6.32e+008 

6. 35e+008 

6 .38e+008 

6.41e+008 

6 .44e+008 

6.48e+008 

6.51e+008 

6.54e+008 

6.57e+008 
6.61e+008 
6.64e+008 

6.68e+008 

6.71e+008

146.1 
146.6 
147.1 

147.6 

148.0 

148.5 

149.0 

149.5 
150.0 

150.5 

150.9 
151.4 

151.9 

152.4 

152.9 

153.4 

153.9 

154.4 
154.9 

155.4 
155.9 

156.4 

156.9 
157.4 

157.9 

158.4 

158.9 
159.5 

160.0 

160.5 
161.0 
161.5 

162.1 
162.6 
163.1 

163.6 

164.2 

164.7 
165.3 

165.8 

166.3 
166.9 

167.4 
168.0 
168.6 
169.1 

169.7 
170.3 

170.8 

171.4 
172.0 

172.6 
173.2 

173.8 
174.4 

175.0 

175.6 

176.2 

176.8 
177.4 

178.1 

178.7 

179.4 

180.0 
180.7 

181.4 
182.0 

182.7
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355 

345 

335 
325 

315 

305 

295 
285 

275 

265 

255 

245 

235 
225 

215 

205 
200 

195 

190 
185 

180 

175 
170 

165 

160 

155 
150 

145 
140 

135 
130 

125 

120 
115 
110 

105 

100 
95 
90 

85 
80 
75 
70 
65 
60 

55 
50

2. 86e+008 

2. 83e+008 

2. 80e+008 

2. 76e+008 

2. 73e+008 

2 .70e+008 

2. 66e+008 

2. 63e+008 

2. 59e+008 

2. 56e+008 
2. 52e+008 

2 .48e+008 

2.44e+008 
2. 40e+008 

2.36e+008 

2. 32e+008 
2. 30e+008 

2 .28e+008 

2.26e+008 
2. 24e+008 

2. 22e+008 

2. 19e+008 

2 .17e+008 
2. 15e+008 

2. 12e+008 

2. 10e+008 

2. 08e+008 

2. 05e+008 

2 .03e+008 

2 .00e+008 
1.98e+008 

1.95e+008 
1.92e+008 

1. 89e+008 
1. 86e+008 

1. 83e+008 

1. 80e+008 

1. 77e+008 

1. 74e+008 

1. 71e+008 
1.67e+008 

1.64e+008 
1.60e+008 
1.56e+008 
1. 52e+008 

1.48e+008 

1.43e+008

2953.3 
3007.0 

3052.4 

3103.3 

3165.3 

3224.1 
3287.2 
3354.9 

3430.8 

3510.5 

3591.9 

3684.3 
3782.7 

3891.5 

4008.3 
4136.1 

2134.1 

2171.4 
2205.8 

2253.6 

2297.7 

2341.9 
2395.7 

2444.7 

2505.8 
2568.8 

2633.2 

2704.5 
2784.6 
2863.4 

2953.5 
3048.4 

3155.5 
3274.0 
3393.6 

3540.2 
3693.7 

3862.4 

4052.4 

4276.6 
4533.1 

4835.3 

5172.7 
5585.0 
6064.3 
6659.2 
7420.5

4455537 
4458544 

4461596 

4464699 
4467865 

4471089 
4474376 

4477731 

4481162 

4484672 

4488264 
4491948 

4495731 

4499623 

4503631 
4507767 

4509901 

4512073 

4514278 

4516532 
4518830 

4521172 

4523567 

4526012 

4528518 

4531087 
4533720 

4536424 
4539209 

4542072 
4545026 

4548074 

4551230 
4554504 
4557897 

4561437 

4565131 
4568993 
4573046 

4577323 
4581856 

4586691 
4591864 

4597449 
4603513 

4610172 
4617593

0.1185 
0.1240 

0.1295 

0.1355 

0.1424 

0.1496 
0.1574 

0.1660 

0.1756 
0.1362 

0.1975 
0.2104 

0.2247 

0.2408 

0.2588 

0.2792 

0.1474 

0.1536 
0.1598 
0.1674 

0.1750 

0. 1831 

0.1924 

0.2018 
0.2127 

0.2245 

0.2371 
0.2512 

0.2670 

0.2837 
0.3027 

0.3236 
0.3475 

0.3744 
0.4036 

0.4387 

0.4776 
0.5222 

0.5741 
0.6362 

0.7100 
0.7995 

0.9058 
1.0393 
1.2041 

1.4171 
1.7011

torus water level = 11.00 ft

prpv trpv hfrpv 
[psig] [OF] [Btu/lbm]

1145 
1135 

1125 

1115 

1105 
1095 

1085 

1075 
1065 

1055 

1045 
1035 

1025 

1015 

1005 

995

562.88 
561.79 

560.70 

559.60 

558.49 

557.37 

556.24 
555.11 

553.97 

552.82 

551.66 

550.50 
549.32 

548.14 

546.95 

545.75

566.16 
564.74 

563.31 
561.87 

560.42 

558.97 

557.51 

556.04 
554.57 

553.09 

551.60 

550.11 

548.60 
547.09 

545.57 

544.04

hgrpv 
[Btu/lbm] 

1186.6 
1187.0 
1187.4 
1187.8 
1188.3 
1188.7 
1189.1 
1189.5 
1189.9 
1190.3 
1190.7 
1191.1 
1191.4 
1191.8 
1192.2 
1192.6

vfrpv 
[ft3/lbm] 
0.02217 

0.02213 

0.02210 

0.02206 

0.02202 

0.02199 

0.02195 

0.02192 
0.02188 

0.02184 

0.02181 
0.02177 
0.02173 

0.02170 

0.02166 

0.02163

vg-rpv 
[ft3/lbm] 

0.3771 
0.3808 

0.3847 

0.3886 

0.3926 

0.3966 

0.4007 

0.4049 

0.4091 
0.4135 

0.4179 
0.4224 

0.4269 
0.4316 

0.4363 

0.4412

wsrv mfrpv 
[ibm/min.] [Ibm]

78190 
77515 

76841 

76167 

75493 
74819 

74144 
73470 

72796 
72122 

71447 
70773 
70099 

69425 

68751 

68076

532000 
530124 

528251 

526376 

524498 

522619 

520742 

518860 

516980 
515102 

513216 

511335 
509442 
507556 

505664 

503775

5.929 
6.053 

6.183 
6.318 

6.461 

6.610 
6.768 

6.934 

7.110 

7.296 

7.493 

7.704 

7.928 

8.169 

8.428 

8.707 

8.855 
9.008 

9.168 
9.335 

9.510 

9.694 
9.886 

10.088 

10.300 
10.525 

10.762 

11.013 

11.280 
11.564 
11.867 

12.190 

12.538 
12.912 

13.316 

13.754 
14.232 

14.754 

15.328 

15.965 
16.675 

17.474 

18.380 

19.419 
20.623 
22.040 

23.741

3555028 
3539537 
3526654 

3513171 

3499002 

3484117 

3468452 

3451930 
3434452 

3415927 

3396271 
3375332 

3352973 

3332670 
3312514 

3290768 

3279287 
3267327 

3254880 

3241845 
3228214 

3213955 

3198972 

3184953 

3172496 

3159350 

3145466 
3130759 

3115127 

3098516 
3080790 

3061840 

3041496 
3019574 
2995940 

2970256 

2942289 

2911712 
2883403 

2856427 

2826324 
2792425 
2754019 

2709951 
2664651 
2617647 
2561222

6. 75e+008 
6 .78e+008 

6.82e+008 

6. 86e+008 

6 .90e.008 

6. 93e÷008 

6. 97e+008 

7. 01e+008 

7.06e÷008 
7. 10e+008 

7.14e+008 

7. 18e+008 
7. 23e+008 

7.28e+008 

7. 33e+008 

7.37e+008 

7 .4Ce+008 
7 .43e+008 

7.45e.008 

7.48e,008 

7. 51e+008 

7. 54e+008 

7. 56e+008 

7.59e+008 

7. 62e+008 

7.65e+008 

7.69e+008 
7.72e+008 

7.75e+008 

7.79e+008 
7. 82e+008 

7. 86e+008 
7.89e+008 

7.93e+008 
7.97e+008 

8.02e+008 

8.06e+008 

8. 1le+008 

8. 15e+008 

8.20e+008 

8.26e+008 

8.32e+008 
8 .38e+008 
8.44e+008 
8. 51e+008 

8.59e+008 

8.68e+008

183.4 
184.1

184.9 

185.6 
186.3 

187.1 

187.9 

188.6 

189.4 

190.3 

191.1 

192.0 

192.8 
193.7 

194.7 

195.6 
196.1 

196.6 

197.1 
197.6 

198.1 

198.7 
199.2 

199.8 

200.3 

200.9 

201.5 

202.1 

202.8 

203.4 

204.1 

204.8 

205.5 
206.2 

206.9 

207.7 

208.6 
209.4 

210.3 

211.3 
212.2 

213.3 
214.4 

215.7 
217.0 
218.4 

220.0

mg-rpv [ibm] 
.15300 
15309 

15314 

15316 

15315 

15312 

15305 

15295 

15283 

15268 

15250 

15229 

15205 
15179 

15150 

15118
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985 544.54 
975 543.32 

965 542.10 

955 540.86 

945 539.61 

935 538.35 

925 537.09 

915 535.81 

905 534.52 

895 533.22 

885 531.91 

875 530.59 

865 529.26 

855 527.92 
845 526.56 

835 525.20 

825 523.82 

815 522.42 

805 521.02 
795 519.60 

785 518.16 

775 516.72 

765 515.26 

755 513.78 

745 512.30 

735 510.80 

725 509.28 

715 507.74 

705 506.19 

695 504.62 

685 503.03 

675 501.43 

665 499.81 
655 498.17 

645 496.52 

635 494.84 

625 493.14 

615 491.43 

605 489.69 
595 487.93 

585 486.15 
575 484.35 

565 482.52 
555 480.66 

545 478.78 

535 476.88 

525 474.95 

515 472.99 

505 471.01 
495 468.99 

485 466.95 
475 464.87 

465 462.76 
455 460.61 

445 458.43 

435 456.21 

425 453.96 

415 451.67 

405 449.33 

395 446.95 

385 444.53 
375 442.06 

365 439.53 
355 436.96 

345 434.33 

335 431.65 

325 428.91 

315 426.10

542.51 
540.96 

539.40 

537.85 

536.27 
534.70 

533.11 

531.51 

529.90 

528.28 

526.65 

525.02 

523.37 

521.71 

520.04 

518.35 

516.66 
514.95 

513.24 

511.50 
509.76 

508.00 
506.24 

504.45 
502.65 

500.84 
499.01 

497.17 
495.31 

493.43 

491.54 
489.64 

487.71 

485.77 
483.81 
481.83 

479.83 

477.82 
475.78 
473.72 

471.64 

469.53 

467.40 
465.25 
463.07 

460.87 
458.64 

456.39 
454.11 

451.80 
449.45 

447.08 
444.68 
442.24 

439.76 

437.25 

434.69 

432.11 

429.48 

426.80 

424.09 
421.32 

418.51 

415.64 
412.72 

409.74 

406.71 

403.60

1192.9 
1193.3 

1193.7 

1194.0 

1194.4 

1194.7 
1195.1 

1195.4 

1195.7 
1196.1 

1196.4 

1196.7 
1197.0 

1197.3 

1197.7 

1198.0 

1198.3 

1198.5 
1198.8 

1199.1 

1199.4 

1199.7 
1199.9 

1200.2 

1200.4 
1200.7 

1200.9 

1201.2 

1201.4 
1201.6 

1201.8 
1202.1 

1202.3 
1202.5 

1202.7 

1202.8 
1203.0 

1203.2 

1203.4 
1203.5 
1203.7 

1203.8 
1203.9 
1204.1 
1204.2 
1204.3 

1204.4 

1204.5 

1204.5 
1204.6 

1204.7 
1204.7 

1204.8 
1204.8 
1204.8 

1204.8 
1204.8 

1204.8 

1204.7 
1204.7 

1204.6 

1204.5 

1204.4 

1204.3 
1204.1 

1204.0 
1203.8 

1203.6

0.02159 
0.02155 
0.02152 

0.02148 

0.02145 
0.02141 

0.02137 

0.02134 
0.02130 

0.02127 
0.02123 

0.02119 

0.02116 

0.02112 
0.02109 

0.02105 

0.02101 

0.02098 

0.02094 

0.02090 
0.02087 
0.02083 

0.02080 

0.02076 

0.02072 

0.02069 

0. 02065 
0.02061 

0.02058 

0.02054 
0.02050 
0.02047 

0.02043 

0.02039 
0.02036 

0.02032 

0.02028 

0.02024 
0.02021 
0.02017 

0.02013 

0.02009 
0.02005 
0.02002 
0.01998 

0.01994 

0.01990 
0.01986 

0.01982 

0.01978 

0.01974 
D.01970 

0.01966 
0.01962 

0.01958 
0.01954 

0.01950 

0.01946 

0.01942 

0.01938 

0.01934 
0.01929 

0.01925 
0.01921 
0.01916 

0.01912 
0.01908 

0.01903

0.4461 
0.4511 

0.4562 

0.4615 

0.4668 

0.4722 
0.4778 

0.4834 

0.4892 
0.4951 

0.5011 

0.5072 

0.5135 

0.5199 

0.5265 
0.5332 

0.5401 

0.5471 

0.5543 
0.5617 

0.5692 
0.5769 
0.5848 

0.5929 

0.6012 

0.6097 

0.6185 

0.6275 

0.6367 
0.6461 
0.6559 

0.6658 

0.6761 
0.6867 

0.6976 

0.7088 
0.7203 

0.7322 

0.7445 

0.7571 
0.7701 

0.7836 

0. 7975 

0.8119 
0.8268 
0.8422 
0.8582 

0.8747 
0.8919 
0.9097 

0.9282 

0.9474 
0.9674 
0.9882 

1.0099 

1.0325 
1.0561 

1. 0807 

1.1065 
1.1335 

1.1618 

1.1915 
1.2227 

1.2556 
1.2902 

1.3267 
1.3652 

1.4061

67402 
66728 

66054 

65379 

64705 

64031 

63357 
62683 

62008 

61334 

60660 
59986 

59311 

58637 
57963 

57289 

56614 
55940 

55266 

54592 
53918 

53243 

52569 

51895 
51221 

50546 

49872 
49198 

48524 

47850 
47175 
46501 

45827 
45153 

44478 
43804 

43130 

42456 
41782 

41107 
40433 

39759 
39085 
38410 
37736 

37062 

36388 
35714 

35039 

34365 
33691 
33017 
32342 

31668 
30994 

30320 

29646 

28971 

28297 

27623 
26949 

26274 

25600 
24926 
24252 

23578 

22903 

22229

501877 
499979 
498076 

496171 
494264 

492352 

490444 

488524 

486600 
484671 

482740 

480810 
478871 

476927 

474977 
473019 

471061 

469088 
467123 
465138 

463155 
461159 
459165 

457153 

455136 
453117 

451088 

449042 

446997 
444936 

442865 
440790 
438699 

436600 

434488 

432363 
430225 

428084 

425920 
423745 

421556 

419350 
417131 
414894 
412636 

410365 
408072 

405760 
403432 

401076 

398698 
396298 
393876 

391427 

388948 

386443 

383910 

381347 

378748 

376113 

373449 
370742 

367998 

365214 
362377 
359498 

356570 

353581

15083 
15046 

15007 

14965 

14920 

14873 

14823 

14771 
14716 

14659 

14600 
14538 

14474 

14407 

14338 

14267 

14194 

14118 

14040 

13960 

13878 

13793 
13706 

13618 

13527 

13433 

13338 

13241 

13141 
13039 

12936 

12830 

12722 
12613 

12501 
12387 

12271 
12153 

12033 

11911 
11788 

11662 

11534 

11404 
11273 
11139 

11004 
10866 

10727 

10585 

10442 

10297 

10150 

10001 
9850 

9697 

9542 

9385 

9226 

9065 

8902 

8738 

8571 

8402 

8231 
8058 

7883 
7706
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305 
295 

285 

275 

265 

255 

245 

235 

225 

215 

205 
200 

195 

190 

185 

180 

175 

170 
165 

160 

155 
150 

145 

140 

135 
130 

125 

120 
115 

110 

105 

100 

95 
90 

85 
80 
75 

70 

65 

60 

55 

50 

prpv 
[psig] 
1145 
1135 

1125 

1115 
1105 

1095 

1085 
1075 

1065 
1055 

1045 
1035 

1025 

1015 

1005 

995 

985 

975 
965 
955 

945 

935 
925

423.22 40 

420.27 39 

417.26 39 

414.16 39 

410.97 38 

407.70 38 

404.33 37 

400.87 37 

397.28 37 

393.59 36 

389.76 36 

387.79 38 

385.79 35 

383.76 35 

381.67 35 

379.56 35 

377.40 35 

375.19 3' 

372.94 3' 

370.64 3' 

368.28 3' 

365.87 3 

363.40 3 

360.87 3 

358.27 3 

355.61 3: 

352.87 3 

350.06 3: 

347.15 3 

344.17 3 

341.08 3 

337.89 3 

334.59 3 

331.16 3 

327.60 2 

323.90 2 

320.04 2 

316.01 2 

311.78 2 

307.33 2 

302.64 2 

297.67 2 

erpv 
[Btu] 

4.79e+008 

4 .77e+008 
4.75e+008 

4.73e+008 

4.71e+008 

4.69e+008 

4. 66e+008 

4 .64e+008 

4.62e+008 
4.60e+008 

4.58e+008 
4. 56e+008 

4. 54e+008 

4.51e+008 

4.49e+008 

4.47e+008 

4 .45e+008 

4 .43e+008 

4.40e+008 

4.38e+008 
4.36e+008 

4.34e+008 

4.32e+008

0.43 
7.20 

3.89 

'0.50 

7.01 

3 .45 
9.79 

76.03 
72.15 

;8.16 
4.04 

61.93 

9.78 

57.60 

55.38 

53.10 
50.80 

48.44 

46.04 
43 .59 

41.09 
38.52 

35.91 
33.23 

30.48 

27.67 
24.78 

21.82 

18.76 

15.63 
12.39 

09.05 

05.59 
02.02 
98.31 
94.46 

90.44 

86.26 

81.88 
77.28 

72.44 
67.31 

dmg_sr 
[Ibm] 

0.  

1867.  

1867.  
1872.  

1878.  

1882.  
1884.  

1891.  
1892.  
1893.  

1904.  

1902.  

1915.  
1913.  

1920.  
1921.  

1931.  

1935.  
1942.  

1946.  

1951.  
1959.  

1957.

1203.4 
1203.1 

1202.9 

1202.6 

1202.3 

1201.9 

1201.5 

1201.1 

1200.6 

1200.1 

1199.6 

1199.3 

1199.0 

1198.6 
1198.3 

1198.0 

1197.6 
1197.2 

1196.8 

1196.4 

1196.0 
1195.5 

1195.1 

1194.6 
1194.0 

1193.5 

1192.9 
1192.3 

1191.7 

1191.0 

1190.3 
1189.6 

1188.8 
1188.0 

1187.1 
1186.2 
1185.2 

1184 .1 

1183.0 

1181.8 

1180.5 
1179.1 

v mfsp 
[ibm] 

0 4861827 

9 4863695 

4 4865562 

9 4867435 

3 4869313 

5 4871196 

3 4873080 

2 4874971 

1 4876863 

8 4878757 
5 4880662 

0 4882564 

9 4884475 

2 4886393 

4 4888313 

6 4890235 

8 489216U 

.5 4894102 

2 4896044 

.6 4897992 

.7 489994C 

.8 490190; 

.6 490386C

0.01899 
0.01894 

0.01889 

0.01885 

0.01880 

0.01875 

0.01870 

0.01865 

0.01860 
0.01855 

0.01849 

0.01847 
0.01844 

0.01841 

0.01839 
0.01836 

0.01833 

0.01830 
0.01827 

0.01824 

0.01821 

0.01818 
0.01815 

0.01812 

0.01809 
0.01806 

0.01802 

0.01799 

0.01796 
0.01792 

0.01789 

0.01785 
0.01781 
0.01778 
0.01774 

0.01770 

0.01766 
0.01761 

0.01757 

0.01753 
0.01748 

0.01743 

dt 
[min. I 
0.0000 
0.0241 

0.0243 

0.0246 

0.0249 

0.0252 

0.0254 

* 0.0257 

0.0260 

0.0263 

0.0267 
0.0269 
0.0273 

0.0276 
0.0279 

0.0282 

0.0287 

0.0290 

0.0294 

0.0298 

t 0.0302 

0.0306 

0.0309

1.4493 
1.4953 
1.5443 

1.5964 

1.6522 

1.7120 

1.7762 

1.8453 

1.9200 

2.0010 
2.0891 

2.1360 

2.1852 
2.2367 

2.2906 

2.3472 

2.4067 

2.4693 

2.5353 

2.6048 
2.6784 

2.7562 

2.8387 
2.9264 
3.0197 

3.1192 

3.2256 
3.3396 

3.4620 

3.5940 
3.7365 

3.8910 

4.0590 
4.2425 
4.4437 
4.6654 

4.9109 

5.1843 
5.4907 

5.8367 

6.2304 
6.6827 

t 
[min. I EE 

2.000 

2.024 
2.048 

2.073 

2.098 
2.123 

2.148 

2.174 
2.200 
2.226 

2.253 

2.280 
2.307 

2.335 

2.363 

2.391 

2.420 

2.449 

2.478 

2.508 

2.538 

2.569 

2.600

21555 
20881 

20206 

19532 

18858 

18184 
17510 

16835 

16161 

15487 

14813 

14476 

14138 

13801 

13464 
13127 

12790 

12453 
12116 

11779 

11442 
11104 

10767 
10430 

10093 
9756 

9419 

9082 

8745 
8408 

807C 
7733 
7396 
7059 

6722 

6385 
604E 

5713 

5374 
503E 

4695 

436; 

qdh 
8tu/min.] 
4381320 

4374717 

4368058 
4361320 

4354502 

4347608 
4340644 

4333591 

4326469 
4319274 

4311970 
4304606 

4297117 
4289566 

4281912 

4274178 

4266324 

4258376 
4250319 

4242161 

4233896 

4225509 

4217043

350536 
347431 

344259 

341014 

337691 

334290 

330798 

327210 

323515 

319707 

315773 

313741 

311672 
309569 

307420 

305227 
302990 

300701 

298363 
295964 

293504 
290979 

288385 

285711 
282959 

280117 

277182 

274140 

270981 
267703 

264279 

* 260703 
256959 
253026 

248870 
244459 

239747 

* 234698 

229238 

223300 
9 216769 

209478 

esp 
[Btu] 

5.75e+008 

5. 78e+008 

5. 80e+008 

5. 82e+008 

5.84e+008 

5.87e+008 
5. 89e+008 

5.91e+008 
5.93e+008 

5.96e+008 

5.98e+008 

6. 00e+008 
6.02e+008 

6. 05e+008 

6.07e+008 

6.09e+008 
6.11e+008 

6.14e+008 

6.16e+008 
6.18e+008 
6.21e+008 

6.23e+008 

6.25e+008

7527 
7346 
7162 

6977 

6789 
6598 

6406 

6211 

6014 

5814 

5612 
5510 

5408 

5304 
5200 

5096 

4990 

4884 

4778 

4670 

4562 

4453 

4343 
4233 

4122 

4009 

3896 
3783 

3668 
3552 

3436 

3318 
3200 

3080 
2959 
2837 

2715 
2591 

2465 

2339 

2211 
2082 

tsp 

[OF] 
150.3 

150.8 
151.2 

151.6 

152.0 

152.4 

152.8 
153.2 

153.6 
154.1 

154.5 
154.9 

155.3 

155.7 
156.2 

156.6 

157.0 

157.4 

157.8 

158.3 
158.7 

159.1 

159.5
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915 4.29e+008 1972.5 4905832 0.0315 2.631 4208420 6.28e+008 160.0 

905 4.27e+008 1978.8 4907811 0.0319 2.663 4199676 6.30e+008 160.4 

895 4.25e+008 1985.1 4909796 0.0324 2.695 4190807 6.33e+008 160.8 

885 4.23e+008 1991.3 4911788 0.0328 2.728 4181812 6.35e+008 161.3 

875 4.20e+008 1991.7 4913779 0.0332 2.761 4172714 6.37e+008 161.7 

865 4.18e+008 2003.5 4915783 0.0338 2.795 4163458 6.40e+008 162.1 

855 4.16e+008 2010.5 4917793 0.0343 2.829 4154063 6.42e+008 162.6 

845 4.14e.008 2018.1 4919811 0.0348 2.864 4144523 6.45e+008 163.0 

835 4.11e+008 2029.6 4921841 0.0354 2.900 4134815 6.47e+008 163.5 

825 4.09e+008 2030.8 4923872 0.0359 2.935 4124986 6.49e+008 163.9 

815 4.07e+008 2048.4 4925920 0.0366 2.972 4114952 6.52e+008 164.3 

805 4.04e+008 2044.1 4927964 0.0370 3.009 4104817 6.54e+008 164.8 

795 4.02e+008 2064.3 4930029 0.0378 3.047 4094456 6.57e+008 165.2 

785 4.00e+008 2065.8 4932094 0.0383 3.085 4083957 6.59e+008 165.7 

775 3.98e+008 2080.1 4934175 0.0391 3.124 4073252 6.62e+008 166.1 

765 3.95e+008 2081.6 4936256 0.0396 3.164 4062402 6.64e+008 166.6 

755 3.93e+008 2100.0 4938356 0.0405 3.204 4051314 6.67e+008 167.0 

745 3. 90e+008 2108.0 4940464 0.0412 3.246 4040037 6.69e+008 167.5 

735 3.88e+008 2112.9 4942577 0.0418 3.287 4028582 6.72e+008 167.9 

725 3.86e+008 2124.3 4944701 0.0426 3.330 4016911 6.74e+008 168.4 

715 3 .83e+008 2143.1 4946844 0.0436 3.373 4004975 6.77e+008 168.9 

705 3.81e+008 2144.9 4948989 0.0442 3.418 3992863 6.80e+008 169.3 

695 3.78e+008 2162.5 4951152 0.0452 3.463 3980479 6.82e+008 169.8 

685 3.76e+008 2174.3 4953326 0.0461 3.509 3967850 6.85e+008 170.2 

675 3.74e+008 2180.6 4955507 0.0469 3.556 3955000 6.87e+008 170.7 

665 3.71e+008 2198.6 4957705 0.0480 3.604 3941854 6.90e+008 171.2 

655 3.69e+008 2209.2 4959915 0.0489 3.653 3928448 6.93e+008 171.7 

645 3.66e+008 2223.2 4962138 0.0500 3.703 3914751 6.95e+008 172.1 

635 3.64e+008 2239.1 4964377 0.0511 3.754 3900745 6.98e+008 172.6 

625 3.61e+008 2253.9 4966631 0.0523 3.806 3886426 7.01e+008 173.1 

615 3.59e+008 2259.6 4968890 0.0532 3.859 3871842 7.03e+008 173.6 

605 3.56e+008 2282.9 4971173 0.0546 3.914 3856870 7.06e+008 174.1 

595 3.54e+008 2297.2 4973470 0.0559 3.970 3841557 7.09e+008 174.6 

585 3.51e+008 2312.6 4975783 0.0572 4.027 3829395 7.12e+008 175.0 

575 3.48e+008 2332.1 4978115 0.0587 4.086 3820936 7.15e+008 175.5 

565 3.46e+008 2346.4 4980462 0.0600 4.146 3812278 7.17e+008 176.0 

555 3.43e+008 2366.6 4982828 0.0616 4.207 3803392 7.20e+008 176.5 

545 3.41e+008 2390.1 4985218 0.0633 4.271 3794258 7.23e+008 177.1 

535 3.38e+008 2404.2 4987622 0.0649 4.336 3784903 7.26e+008 177.6 

525 3.35e+008 2428.9 4990051 0.0668 4.402 3775276 7.29e+008 178.1 

515 3.33e+008 2448.9 4992500 0.0686 4.471 3765387 7.32e+008 178.6 

505 3.30e+008 2468.4 4994969 0.0704 4.541 3755227 7.35e+008 179.1 

495 3.27e+008 2497.3 4997466 0.0727 4.614 3744747 7.38e+008 179.7 

485 3.24e+008 2520.7 4999987 0.0748 4.689 3733957 7.41e+008 180.2 

475 3.22e+008 2545.1 5002532 0.0771 4.766 3722840 7.44e+008 180.7 

465 3.19e+008 2569.0 5005101 0.0794 4.845 3711384 7.47e+008 181.3 

455 3.16e+008 2597.9 5007699 0.0820 4.927 3699553 7.50e+008 181.8 

445 3.13e+008 2630.4 5010329 0.0849 5.012 3687314 7.53e+008 182.4 

435 3.10e+008 2658.0 5012987 0.0877 5.100 3674671 7.57e+008 182.9 

425 3.07e+008 2688.3 5015675 0.0907 5.191 3661593 7.60e+008 183.5 

415 3.04e+008 2719.4 5018395 0.0939 5.284 3648057 7.63e+008 184.1 

405 3.01e+008 2757.7 5021152 0.0975 5.382 3634002 7.66e+008 184.6 

395 2.98e+008 2796.4 5023949 0.1012 5.483 3619402 7.70e+008 185.2 

385 2.95e+008 2826.6 5026776 0.1049 5.588 3604275 7.73e+008 185.8 

375 2.92e+008 2872.0 5029648 0.1093 5.697 3588511 7.77e+008 186.4 

365 2 .89e+008 2910.5 5032558 0.1137 5.811 3572115 7.80e+008 187.0 

355 2.86e+008 2953.3 5035511 0.1185 5.929 3555028 7.84e+008 187.6 

345 2.83e+008 3007.0 5038518 0.1240 6.053 3539537 7.87e+008 188.3 

335 2.80e+008 3052.4 5041571 0.1295 6.183 3526654 7.91e+008 188.9 

325 2.76e+008 3103.3 5044674 0.1355 6.318 3513171 7.95e+008 189.5 

315 2.73e+008 3165.3 5047839 0.1424 6.461 3499002 7.99e+008 190.2 

305 2.70e+008 3224.1 5051063 0.1496 6.610 3484117 8.02e+008 190.9 

295 2.66e+008 3287.2 5054351 0.1574 6.768 3468452 8.06e+008 191.5 

285 2.63e+008 3354.9 5057706 0.1660 6.934 3451930 8.10e+008 192.2 

275 2.59e+008 3430.8 5061136 0.1756 7.110 3434452 8.15e+008 192.9 

265 2.56e+008 3510.5 5064647 0.1862 7.296 3415927 8.19e+008 193.7 

255 2.52e+008 3591.9 5068239 0.1975 7.493 3396271 8.23e+008 194.4 

245 2.48e+008 3684.3 5071923 0.2104 7.704 3375332 8.28e+008 195.2
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235 2.44e+008 3782.7 5075706 0.2247 7.928 3352973 8.32e+008 195.9 

225 2.40e+008 3891.5 5079597 0.2408 8.169 3332670 8.37e+008 196.7 

215 2.36e+008 4008.3 5083606 0.2588 8.428 3312514 8.42e+008 197.5 

205 2.32e+008 4136.1 5087742 0.2792 8.707 3290768 8.47e+008 198.4 

200 2.30e+008 2134.1 5089876 0.1474 8.855 3279287 8.49e+008 198.8 

195 2.28e+008 2171.4 5092047 0.1536 9.008 3267327 8.52e+008 199.3 

190 2.26e+008 2205.8 5094253 0.1598 9.168 3254880 8.54e+008 199.7 

185 2.24e+008 2253.6 5096507 0.1674 9.335 3241845 8.57e+008 200.2 

180 2.22e+008 2297.7 5098804 0.1750 9.510 3228214 8.60e+008 200.6 

175 2.19e+008 2341.9 5101146 0.1831 9.694 3213955 8.63e+008 201.1 

170 2.17e+008 2395.7 5103542 0.1924 9.886 3198972 8.65e+008 201.6 

165 2.15e+008 2444.7 5105987 0.2018 10.088 3184953 8.68e+008 202.1 

160 2.12e+008 2505.8 5108492 0.2127 10.300 3172496 8.71e+008 202.6 

155 2.10e+008 2568.8 5111061 0.2245 10.525 3159350 8.74e+008 203.1 

150 2.08e+008 2633.2 5113694 0.2371 10.762 3145466 8.78e+008 203.6 

145 2.05e+008 2704.5 5116399 0.2512 11.013 3130759 8.81e+008 204.2 

140 2.03e+008 2784.6 5119183 0.2670 11.280 3115127 8.84e+008 204.7 

135 2.00e+008 2863.4 5122047 0.2837 11.564 3098516 8.88e+008 205.3 

130 1.98e+008 2953.5 5125000 0.3027 11.867 3080790 8.91e+008 205.9 

125 1.95e+008 3048.4 5128049 0.3236 12.190 3061840 8.95e+008 206.5 

120 1.92e+008 3155.5 5131204 0.3475 12.538 3041496 8.98e+008 207.1 

115 1.89e+008 3274.0 5134478 0.3744 12.912 3019574 9.02e+008 207.8 

110 1.86e+008 3393.6 5137872 0.4036 13.316 2995940 9.06e+008 208.4 

105 1.83e+008 3540.2 5141412 0.4387 13.754 2970256 9.11e+008 209.1 

100 1.80e+008 3693.7 5145106 0.4776 14.232 2942289 9.15e+008 209.8 

95 1.77e+008 3862.4 5148968 0.5222 14.754 2911712 9.20e+008 210.6 

90 1.74e+008 4052.4 5153021 0.5741 15.328 2883403 9.24e+008 211.4 

85 1.71e+008 4276.6 5157297 0.6362 15.965 2856427 9.30e+008 212.2 

80 1.67e+008 4533.1 5161830 0.7100 16.675 2826324 9.35e+008 213.1 

75 1.64e+008 4835.3 5166666 0.7995 17.474 2792425 9.41e+008 214.1 

70 1.60e+008 5172.7 5171838 0.9058 18.380 2754019 9.47e+008 215.1 

65 1.56e+008 5585.0 5177423 1.0393 19.419 2709951 9.53e+008 216.1 

60 1.52e+008 6064.3 5183488 1.2041 20.623 2664651 9.61e+008 217.3 

55 1.48e+008 6659.2 5190147 1.4171 22.040 2617647 9.68e+008 218.6 

50 1.43e+008 7420.5 5197567 1.7011 23.741 2561222 9.77e+008 220.0 

torus water level = 12.00 ft 

prpv trpv hfrpv hg-rpv vfrpv vg-rpv wsrv mfrpv mgrpv 

[psig] (OF] [Btu/lbm] [Btu/ibm] [ft3/lbm] [ft3/lbm] [Ibm/min..] [Ibm] [Ibm] 

1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 15300 

1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 15309 

1125 560.70 563.31 1187.4 0.02210 0.3847 76841 528251 15314 

1115 559.60 561.87 1187.8 0.02206 0.3886 76167 526376 15316 

1105 558.49 560.42 1188.3 0.02202 0.3926 75493 524498 15315 

1095 557.37 558.97 1188.7 0.02199 0.3966 74819 522619 15312 

1085 556.24 557.51 1189.1 0.02195 0.4007 74144 520742 15305 

1075 555.11 556.04 1189.5 0.02192 0.4049 73470 518860 15295 

1065 553.97 554.57 1189.9 0.02188 0.4091 72796 516980 15283 

1055 552.82 553.09 1190.3 0.02184 0.4135 72122 515102 15268 

1045 551.66 551.60 1190.7 0.02181 0.4179 71447 513216 15250 

1035 550.50 550.11 1191.1 0.02177 0.4224 70773 511335 15229 

1025 549.32 548.60 1191.4 0.02173 0.4269 70099 509442 15205 

1015 548.14 547.09 1191.8 0.02170 0.4316 69425 507556 15179 

1005 546.95 545.57 1192.2 0.02166 0.4363 68751 505664 15150 

995 545.75 544.04 1192.6 0.02163 0.4412 68076 503775 15118 

985 544.54 542.51 1192.9 0.02159 0.4461 67402 501877 15083 

975 543.32 540.96 1193.3 0.02155 0.4511 66728 499979 15046 

965 542.10 539.40 1193.7 0.02152 0.4562 66054 498076 15007 

955 540.86 537.85 1194.0 0.02148 0.4615 65379 496171 14965 

945 539.61 536.27 1194.4 0.02145 0.4668 64705 494264 14920 

935 538.35 534.70 1194.7 0.02141 0.4722 64031 492352 14873 

925 537.09 533.11 1195.1 0.02137 0.4778 63357 490444 14823 

915 535.81 531.51 1195.4 0.02134 0.4834 62683 488524 14771 

905 534.52 529.90 1195.7 0.02130 0.4892 62008 486600 14716 

895 533.22 528.28 1196.1 0.02127 0.4951 61334 484671 14659 

885 531.91 526.65 1196.4 0.02123 0.5011 60660 482740 14600 

875 530.59 525.02 1196.7 0.02119 0.5072 59986 480810 14538
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865 529.26 
855 527.92 

845 526.56 

835 525.20 

825 523.82 

815 522.42 

805 521.02 
795 519.60 

785 518.16 

775 516.72 

765 515.26 
755 513.78 

745 512.30 

735 510.80 

725 509.28 

715 507.74 

705 506.19 

695 504.62 

685 503.03 

675 501.43 

665 499.81 

655 498.17 

645 496.52 
635 494.84 

625 493.14 

615 491.43 

605 489.69 

595 487.93 

585 486.15 

575 484.35 

565 482.52 

555 480.66 

545 478.78 

535 476.88 

525 474.95 

515 472.99 

505 471.01 

495 468.99 

485 466.95 

475 464.87 

465 462.76 

455 460.61 

445 458.43 

435 456.21 

425 453.96 

415 451.67 

405 449.33 
395 446.95 

385 444.53 

375 442.06 

365 439.53 

355 436.96 

345 434.33 

335 431.65 

325 428.91 

315 426.10 

305 423.22 

295 420.27 

285 417.26 

275 414.16 

265 410.97 

255 407.70 

245 404.33 

235 400.87 

225 397.28 

215 393.59 

205 389.76 

200 387.79

523.37 
521.71 
520.04 

518.35 

516.66 
514.95 

513.24 

511.50 

509.76 

508.00 
506.24 

504.45 

502.65 
500.84 
499.01 

497.17 
495.31 

493.43 

491.54 

489.64 
487.71 

485.77 

483.81 
481.83 
479.83 

477.82 

475.78 
473.72 

471.64 

469.53 
467.40 

465.25 

463.07 
460.87 
458.64 

456.39 
454.11 
451.80 

449.45 
447.08 

444.68 

442.24 
439.76 
437.25 
434.69 

432.11 

429.48 
426.80 
424.09 

421.32 

418.51 

415.64 

412.72 

409.74 
406.71 

403.60 

400.43 
397.20 
393.89 

390.50 

387.01 
383.45 

379.79 

376.03 

372.15 

368.16 
364.04 

361.93

1197.0 
1197.3 

1197.7 
1198.0 

1198.3 

1198.5 

1198.8 

1199.1 

1199.4 
1199.7 

1199.9 

1200.2 

1200.4 

1200.7 

1200.9 
1201.2 

1201.4 

1201.6 
1201.8 

1202.1 

1202.3 
1202.5 

1202.7 

1202.8 

1203.0 
1203.2 

1203.4 

1203.5 
1203.7 
1203.8 

1203.9 

1204.1 
1204.2 
1204.3 

1204.4 

1204.5 
1204.5 

1204.6 
1204.7 

1204.7 
1204.8 

1204.8 

1204.8 
1204.8 
1204.8 
1204.8 

1204.7 
1204.7 
1204.6 
1204.5 

1204.4 

1204.3 
1204.1 

1204.0 

1203.8 
1203.6 

1203.4 

1203.1 

1202.9 
1202.6 

1202.3 

1201.9 

1201.5 

1201.1 

1200.6 

1200.1 

1199.6 

1199.3

0.02116 
0.02112 
0.02109 

0.02105 

0.02101 
0.02098 

0.02094 

0.02090 
0.02087 

0.02083 

0.02080 
0.02076 

0.02072 

0.02069 
0.02065 

0.02061 

0.02058 
0.02054 

0.02050 

0.02047 
0.02043 

0.02039 
0.02036 
0.02032 

0.02028 

0.02024 

0.02021 
0.02017 

0.02013 

0.02009 
0.02005 

0.02002 

0.01998 
0.01994 
0.01990 

0.01986 

0.01982 
0.01978 
0.01974 

0.01970 

0.01966 

0.01962 
0.01958 

0.01954 
0.01950 

0.01946 
0.01942 
0.01938 
0.01934 

0.01929 

0.01925 

0.01921 

0.01916 

0.01912 
0.01908 

0.01903 

0.01899 
0.01894 

0.01889 

0.01885 
0.01880 
0.01875 

0.01870 
0.01865 

0.01860 

0.01855 

0.01849 

0.01847

0.5135 
0.5199 

0.5265 

0.5332 
0.5401 

0.5471 

0.5543 
0.5617 

0.5692 

0.5769 

0.5848 

0.5929 

0.6012 

0.6097 

0.6185 

0.6275 
0.6367 

0.6461 

0.6559 

0.6658 

0.6761 

0.6867 

0.6976 
0.7088 

0.7203 

0.7322 
0.7445 

0.7571 

0.7701 

0.7836 
0.7975 

0.8119 

0.8268 
0.8422 
0.8582 

0.8747 

0.8919 
0.9097 
0.9282 

0.9474 
0.9674 
0.9882 

1.0099 

1.0325 
1.0561 

1.0807 
1.1065 
1.1335 
1.1618 

1.1915 
1.2227 

1.2556 

1.2902 

1.3267 

1.3652 

1.4061 
1.4493 

1.4953 

1.5443 

1.5964 
1.6522 

1.7120 

1.7762 

1.8453 

1.9200 

2.0010 
2.0891 

2.1360

59311 
58637 

57963 

57289 

56614 

55940 

55266 

54592 

53918 
53243 

52569 

51895 
51221 

50546 

49872 

49198 

48524 
47850 

47175 

46501 
45827 

45153 

44478 

43804 

43130 

42456 

41782 

41107 

40433 

39759 

39085 

38410 

37736 

37062 
36388 

35714 
35039 

34365 

33691 
33017 

32342 
31668 

30994 
30320 
29646 

28971 
28297 
27623 

26949 
26274 

25600 
24926 

24252 

23578 

22903 

22229 

21555 

20881 

20206 

19532 
18858 

18184 

17510 

16835 

16161 

15487 

14813 

14476

478871 
476927 

474977 

473019 
471061 

469088 

467123 

465138 

463155 

461159 

459165 

457153 

455136 

453117 

451088 

449042 

446997 
444936 

442865 

440790 

438699 

436600 

434488 

432363 

430225 

428084 
425920 

423745 

421556 
419350 

417131 

414894 
412636 

410365 
408072 
405760 

403432 

401076 

398698 

396298 

393876 

391427 

388948 

386443 
383910 
381347 
378748 

376113 
373449 
370742 

367998 

365214 

362377 

359498 

356570 

353581 
350536 

347431 

344259 

341014 
337691 

334290 

330798 

327210 

323515 

319707 

315773 

313741

14474 14407 

14338 

14267 

14194 

14118 

14040 

13960 

13878 

13793 

13706 

13618 

13527 

13433 

13338 

13241 

13141 
13039 

12936 

12830 

12722 

12613 

12501 
12387 

12271 
12153 

12033 

11911 

11788 

11662 

11534 

11404 

11273 

11139 

11004 
10866 

10727 
10585 

10442 

10297 

10150 

10001 

9850 

9697 
9542 
9385 
9226 

9065 
8902 
8738 

8571 

8402 

8231 

8058 

7883 

7706 

7527 
7346 

7162 

6977 
6789 

6598 
6406 

6211 

6014 

5814 

5612 
5510
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195 3' 

190 3: 

185 3 

180 3 

175 3 

170 3 

165 3 

160 3 

155 3 

150 3 

145 3 

140 3 

135 3 

130 3 

125 3 

120 3 

115 3 

110 
105 
100 

95 

90 

85 
80 

75 

70 

65 

60 
55 

5o 

prpv 

[psig] 
1145 
1135 

1125 

1115 

1105 
1095 

1085 

1075 
1065 
1055 
1045 
1035 
1025 

1015 
1005 
995 
985 

975 
965 
955 
945 
935 
925 
915 

905 

895 

885 
875 
865 
855 
845 
835 
825 

815 
805

mfsp 
[ibm] 

545299• 
545486 
545673 

545860 
546048 

546236 
546425 

546614 
546803 

546992 
547183 
547373 
547565 
547756 

547948 

548140 

548333 

548527 

548721 
548916 
549112 
549307 

54950s 
549701 
549891 
55009' 
55029' 
55049 

55069 

55089 

55109 
55130 
55150 
55170 

55191

85.79 
83.76 

81.67 
79.56 

77.40 
75.19 

72.94 

70.64 

68.28 
65.87 

63.40 
60.87 

58.27 
55.61 

52.87 
350.06 

347.15 

344.17 

341.08 
337.89 

334.59 
331.16 
327.60 
323.90 
320.04 
316.01 

311.78 
307.33 
302.64 

297.67

359.78 
357.60 
355.38 

353.10 

350.80 
348.44 
346.04 
343.59 
341.09 

338.52 

335.91 
333.23 

330.48 

327.67 
324.78 
321.82 
318.76 
315.63 

312.39 
309.05 

305.59 

302.02 
298.31 

294.46 
290.44 
286.26 
281.88 
277.28 
272.44 

267.31

1199.0 
1198.6 
1198.3 

1198.0 

1197.6 

1197.2 

1196.8 

1196.4 

1196.0 

1195.5 

1195.1 

1194.6 

1194.0 

1193.5 

1192.9 

1192.3 

1191.7 

1191.0 

1190.3 
1189.6 

1188.8 

1188.0 
1187.1 

1186.2 

1185.2 

1184.1 

1183.0 

1181.8 
1180.5 

1179.1

0.01844 
0.0:241 

0. ý^1 39 

0.,:836 

0.01:33 
0.01830 

0.1:827 

0.01824 
0.301821 

0.3:,818 

0.01815 

0. 1812 

0.01809 

0.3.1806 

0.01802 

0.001799 

0.02i796 

0. ý31792 

0. 01789 

0o.,1785 

0. 01781 

0.01778 
0.01774 

0. C1770 

0. 01766 
0.31761 

0.01757 

0.01753 
0.01748 

0.o1743 

dt 

[min.] 
9 0.0000 

7 0.0241 

4 0.0243 

7 0.0246 

5 0.0249 

8 0.0252 

2 0.0254 

3 0.0257 

5 .. 0260 

9 0.0263 

4 0.0267 
6 0.0269 

2 0.0273 

.5 0.0276 

:5 0.0279 

7 0.0282 

38 0.0287 
T4 0.0290 

.6 0.0294 
i3 0.0298 

14 0.0302 

74 0.0306 

32 0.0309 
04 0.0315 

83 0.0319 

68 0.0324 

60 0.0328 

51 0.0332 

55 0.0338 

65 0.0343 

83 0.0348 

13 0.0354 
44 0.0359 

92 0.0366 

36 0.0370

2.1852 
2.2367 

2.2906 

2.3472 

2.4067 

2.4693 

2.5353 

2.6048 

2.6784 

2.7562 

2.8387 

2.9264 

3.0197 

3.1192 

3.2256 

3.3396 

3.4620 

3.5940 

3.7365 

3.8910 

4.0590 

4.2425 
4.4437 

4.6654 
4.9109 
5.1843 

5.4907 

5.8367 

6.2304 
6.6827 

t 
[min.] [ 

2.000 

2.024 

2.048 
2.073 

2.098 

2.123 

2.148 

2.174 

2.200 
2.226 

2.253 

2.280 
2.307 

2.335 

2.363 

2.391 

2.420 

2.449 

2.478 
2.508 

2.538 
2.569 

2.600 

2.631 
2.663 

2.695 

2.728 

2.761 

2.795 

2.829 

2.864 

2.900 

2.935 
2.972 

3.009

14138 
13801 
13464 

13127 

12790 

12453 

12116 

11779 

11442 

11104 

10767 

10430 

10093 

9756 

9419 

9082 

8745 

8408 

8070 

7733 
7396 

7059 

6722 
6385 

6048 

5711 

5374 
5036 

4699 

4362 

qdh 
Btu/min.] 
4381320 
4374717 

4368058 

4361320 

4354502 

4347608 

4340644 

4333591 

4326469 

4319274 
4311970 
4304606 
4297117 

4289566 

4281912 

4274178 

4266324 

4258376 

4250319 

4242161 
4233896 

4225509 

4217043 

4208420 

4199676 

4190807 

4181812 

4172714 

4163458 

4154063 

4144523 

4134815 

4124986 
4114952 

4104817

erpv 
[Btu) 

4.79e+008 
4.77e+008 
4. 75e+008 
4.73e+008 
4.71e+008 
4.69e+008 
4.66e+008 
4 .64e+008 
4.62e+008 
4. 60e+008 
4. 58e+008 
4.56e+008 
4.54e+008 
4.51e+008 
4.49e+008 
4.47e+008 
4.45e+008 
4 .43e+008 
4.40e+008 
4. 38e+008 
4.36e+008 
4.34e+008 
4.32e+008 
4 .29e+008 
4.27e+008 
4.25e+008 
4.23e+008 
4.20e+008 
4.18e+008 
4.16e+008 
4.14e+008 
4. lle+008 
4.09e+008 
4.07e+008 
4.04e+008

311672 
309569 

307420 

305227 

302990 

300701 

298363 

295964 

293504 
290979 

288385 

285711 
282959 

280117 

277182 

274140 

270981 

267703 

264279 

260703 
256959 

253026 

248870 
244459 

239747 

234698 

229238 

223300 

216769 

209478 

esp 
[Btu) 

6.87e+008 
6.89e+008 

6.9.e+008 

6.93e+008 

6.95e+008 

6.93e+008 

7.0 e+008 

7.02e+008 

7.04e+008 

7.Oe+008 

7.C9e+008 
7.11.e+008 
7.13e+008 

7.16e+008 
7.18e+008 

7.20e+008 

7.23e+008 

7.25e+008 

7.27e+008 
7.30e+008 

7.32e+008 
7.34e+008 

7.37e+008 

7.39et008 
7.41e+008 

7.44e+008 

7.46e+008 

7.48e+008 

7.Sle+008 

7.53e+008 

7.56e+008 
7.58e+008 

7.61e+008 
7.63e+008 

7.65e+008

dmgsrv 
[ibm] 

0.0 
1867.9 
1867.4 
1872.9 
1878.3 

1882.5 
1884.3 
1891.2 
1892.1 
1893.8 
1904.5 
1902.0 
1915.9 

1913.2 

1920.4 
1921.6 

1931.8 
1935.5 
1942.2 

1946.6 
1951.7 

1959.8 
1957.6 

1972.5 

1978.8 

1985.1 

1991.3 

1991.7 
2003.5 

2010.5 

2018.1 
2029.6 
2030.8 

2048.4 

2044.1

5408 
5304 

5200 

5096 
4990 

4884 

4778 

4670 

4562 

4453 

4343 

4233 

4122 

4009 

3896 

3783 

3668 

3552 

3436 

3318 

3200 

3080 
2959 

2837 

2715 

2591 
2465 

2339 
2211 

2082 

tsp 
[OF] 
157.9 
158.3 

158.6 

159.0 

159.4 

159.7 

160.1 
160.5 

160.8 
161.2 

161.6 

161.9 
162.3 

162.7 

163.0 

163.4 
163.8 

164.2 

164.5 

164.9 

165.3 
165.7 

166.0 
166.4 

166.8 

167.2 
167.6 

168.0 

168.3 

168.7 

169.1 

169.5 

169.9 
170.3 
170.7
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795 4.02e+008 
785 4.00e+008 
775 3.98e+008 

765 3.95e+008 

755 3.93e+008 
745 3.90e+008 
735 3.88e+008 

725 3.86e+008 

715 3.83e+008 

705 3.81e+008 

695 3.78e+008 

685 3.76e+008 

675 3.74e+008 

665 3.71e+008 

655 3.69e+008 

645 3.66e+008 

635 3.64e+008 

625 3.61e+008 

615 3.59e+008 

605 3.56e+008 

595 3.54e+008 
585 3.51e+008 
575 3.48e+008 

565 3.46e+008 

555 3.43e+008 

545 3.41e+008 

535 3.38e+008 
525 3.35e+008 

515 3.33e+008 
505 3.30e+008 
495 3.27e+008 
485 3.24e+008 
475 3.22e+008 
465 3.19e+008 
455 3.16e+008 
445 3.13e+008 
435 3.10e+008 
425 3.07e+008 
415 3.04e+008 
405 3.01e+008 
395 2.98e+008 
385 2.95e+008 
375 2.92e+008 
365 2.89e+008 
355 2.86e+008 

345 2.83e+008 
335 2.80e+008 

325 2.76e+008 
315 2.73e+008 
305 2.70e+008 
295 2.66e+008 
285 2.63e+008 
275 2.59e+008 
265 2.56e+008 
255 2.52e+008 
245 2.48e+008 
235 2.44e+008 
225 2.40e+008 
215 2.36e+008 
205 2.32e+008 
200 2.30e+008 
195 2.28e+008 
190 2.26e+008 
185 2.24e+008 
180 2.22e+008 
175 2.19e+008 
170 2.17e+008 
165 2.15e+008

2064.3 5521201 
2065.8 5523266 

2080.1 5525347 

2081.6 5527428 

2100.0 5529528 

2108.0 5531636 

2112.9 5533749 

2124.3 5535873 

2143.1 5538016 

2144.9 5540161 

2162.5 5542324 

2174.3 5544498 

2180.6 5546679 

2198.6 5548877 

2209.2 5551087 

2223.2 5553310 

2239.1 5555549 

2253.9 5557803 

2259.6 5560062 

2282.9 5562345 

2297.2 5564642 

2312.6 5566955 

2332.1 5569287 

2346.4 5571634 

2366.6 5574000 

2390.1 5576390 

2404.2 5578794 

2428.9 5581223 

2448.9 5583672 

2468.4 5586141 

2497.3 5588638 

2520.7 5591159 

2545.1 5593704 

2569.0 5596273 

2597.9 5598871 

2630.4 5601501 

2658.0 5604159 

2688.3 5606847 

2719.4 5609567 

2757.7 5612324 

2796.4 5615121 

2826.6 5617948 

2872.0 5620820 

2910.5 5623730 

2953.3 5626683 

3007.0 5629690 

3052.4 5632743 

3103.3 5635846 

3165.3 5639011 

3224.1 5642235 

3287.2 5645523 

3354.9 5648878 

3430.8 5652308 

3510.5 5655819 

3591.9 5659411 

3684.3 5663095 

3782.7 5666878 

3891.5 5670765 

4008.3 567477E 

4136.1 5678914 

2134.1 568104M 

2171.4 5683215 

2205.8 568542! 

2253.6 5687675 

2297.7 568997E 

2341.9 5692311 

2395.7 569471' 

2444.7 569715!

0.0378 
0.0383 

o.b391 
0.0396 
0.0405 

0.0412 

0.0418 

0.0426 

0.0436 
0.0442 

0.0452 

0.0461 

0.0469 

0.0480 

0.0489 
0.0500 

0.0511 
0.0523 

0.0532 
0.0546 

0.0559 

0.0572 

0.0587 

0.0600 

0.0616 
0.0633 

0.0649 

0.0668 

0.0686 
0.0704 
0.0727 

0.0748 

0.0771 
0.0794 
0.0820 

0.0849 
0.0877 
0.0907 

0.0939 

0.0975 
0.1012 

0.1049 
0.1093 

0.1137 
0.1185 
0.1240 

0.1295 

0.1355 

0.1424 
0.1496 

0.1574 
0.1660 

0.1756 
0.1862 

* 0.1975 

* 0.2104 
0.2247 

0.2408 

0.2588 

0.2792 
1 0.1474 

1 0.1536 

5 0.1598 

o 0.1674 

6 0.1750 

0.1831 

1 0.1924 

) 0.2018

3.047 
3.085 

3.124 

3.164 

3.204 

3.246 

3.287 

3.330 

3.373 
3.418 

3.463 

3.509 
3.556 

3.604 

3.653 

3.703 
3.754 
3.806 
3.859 

3.914 

3.970 
4.027 

4.086 

4.146 

4.207 
4.271 

4.336 
4.402 

4.471 
4.541 

4.614 
4.689 

4.766 
4.845 

4.927 

5.012 
5.100 

5.191 

5.284 
5.382 

5.483 
5.588 

5.697 

5.811 
5.929 
6.053 

6.183 

6.318 

6.461 
6.610 

6.768 
6.934 
7.110 

7.296 

7.493 

7.704 
7.928 

8.169 

8.428 

8.707 
8.855 
9.008 

9.168 

9.335 
9.510 

9.694 

9.886 

10.088

4094456 
4083957 

4073252 

4062402 

4051314 

4040037 

4028582 

4016911 

4004975 

3992863 

3980479 

3967850 

3955000 

3941854 

3928448 

3914751 

3900745 

3886426 

3871842 

3856870 

3841557 

3829395 

3820936 

3812278 

3803392 

3794258 
3784903 

3775276 

3765387 
3755227 

3744747 

3733957 
3722840 

3711384 
3699553 

3687314 

3674671 

3661593 

3648057 

3634002 
3619402 

3604275 

3588511 

3572115 
3555028 
3539537 

3526654 

3513171 

3499002 
3484117 

3468452 

3451930 
3434452 

3415927 

3396271 

3375332 

3352973 

3332670 

3312514 

3290768 

3279287 

3267327 

3254880 

3241845 
3228214 

3213955 

3198972 

3184953

7.68e+008 171.1 
7.70e+008 171.5 

7.73e+008 171.9 

7.75e+008 172.3 

7.78e÷008 172.7 

7.80e+008 173.1 

7.83e+008 173.5 

7.86e+008 173.9 

7.88e+008 174.3 

7.91e+008 174.7 

7.93e+008 175.1 

7.96e+008 175.5 

7.99e+008 176.0 

8.01e+008 176.4 

8.04e+008 176.8 

8.07e+008 177.2 

8.09e+008 177.7 

8.12e+008 178.1 

8.15e+008 178.5 

8.17e+008 178.9 

8.20e+008 179.4 

8.23e+008 179.8 

8.26e+008 180.3 

8.29e+008 180.7 

8.31e+008 181.2 

8.34e+008 181.6 

8.37e+008 182.1 

8.40e+008 182.5 

8.43e+008 183.0 

8.46e+008 183.5 

8.49e+008 183.9 

8.52e+008 184.4 

8.55e+008 184.9 

8.58e+008 185.4 

8.61e+008 185.8 

8.65e+008 186.3 

8.68e+008 186.8 

8.71e+008 187.3 

8.74e+008 187.8 

8.78e+008 188.4 

8.81e+008 188.9 

8.84e+008 189.4 

8.88e+008 189.9 

8.91e+008 190.5 

8.95e+008 191.0 

8.98e+008 191.6 

9.02e+008 192.2 

9.06e+008 192.7 

9.10e+008 193.3 

9.14e+008 193.9 

9.18e+008 194.5 

9.22e.008 195.1 

9.26e+008 195.8 

9.30e+008 196.4 

9.34e+008 197.1 

9.39e+008 197.8 

9.43e÷008 198.4 

9.48e+008 199.2 

9.53e+008 199.9 

9.58e+008 200.6 

9.60e+008 201.0 

9.63e.008 201.4 

9.65e+008 201.8 

9.68e+008 202.2 

9.71e+008 202.6 

9.74e+008 203.1 

9.77e÷008 203.5 

9.80e+008 203.9
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160 
155 
150 

145 

140 

135 

130 

125 

120 

115 
110 

105 

100 

95 

90 

85 
80 

75 

70 

65 

60 

55 

50

2. 12e+008 
2. 10e+008 

2. 08e+008 

2.05e.008 

2.03e+008 
2.00e+008 

1. 98e+008 

1.95e+008 

1.92e÷008 

1. 89e+008 

1.86e+008 

1.83e+008 
1.80e+008 

1.77e+008 
1.74e+008 

1.71e+008 

1.67e+008 
1.64e+008 

1.60e+008 

1.56e+008 
1.52e+008 

1.48e+008 

1.43e+008

2505.8 
2568.8 

2633.2 

2704.5 

2784.6 

2863.4 

2953.5 
3048.4 

3155.5 

3274.0 
3393.6 

3540.2 

3693.7 
3862.4 

4052.4 

4276.6 
4533.1 

4835.3 

5172.7 
5585.0 

6064.3 

6659.2 
7420.5

5699664 
5702233 

5704866 
5707571 

5710355 

5713219 

5716172 

5719221 
5722376 

5725650 

5729044 
5732584 

5736278 

5740140 
5744193 

5748469 
5753002 

5757838 

5763010 

5768595 
5774660 

5781319 

5788739

0.2127 
0.2245 

0.2371 

0.2512 

0.2670 

0.2837 

0.3027 

0.3236 

0.3475 

0.3744 

0.4036 

0.4387 
0.4776 

0.5222 

0.5741 

0.6362 
0.710C 

0.7995 

0.9058 
1.0393 

1.2041 

1.4171 

1.7011

torus water level = 13.00 ft

prpv trpv 
[psig] ([F)

1145 
1135 
1125 

1115 

1105 
1095 
1085 
1075 

1065 

1055 
1045 

1035 
1025 
1015 

1005 
995 
985 

975 
965 

955 

945 

935 

925 
915 

905 

895 
885 
875 

865 
855 

845 

835 

825 

815 

805 
795 

785 

775 
765 

755

562.88 
561.79 

560.70 
559.60 
558.49 

557.37 

556.24 
555.11 
553.97 

552.82 

551.66 
550.50 
549.32 

548.14 

546.95 
545.75 
544.54 
543.32 

542.10 

540.86 

539.61 

538.35 

537.09 

535.81 
534.52 

533.22 

531.91 
530.59 
529.26 

527.92 

526.56 
525.20 

523.82 

522.42 

521.02 

519.60 
518.16 

516.72 

515.2E 

513.78

hfrpv hgrpv 
[Btu/lbm] [Btu/lbm] 

566.16 1186.6 
564.74 1187.0 
563.31 1187.4 
561.87 1187.8 
560.42 1188.3 
558.97 1188.7 
557.51 1189.1 
556.04 1189.5 
554.57 1189.9 
553.09 1190.3 
551.60 1190.7 
550.11 1191.1 
548.60 1191.4 

547.09 1191.8 
545.57 1192.2 
544.04 1192.6 
542.51 1192.9 
540.96 1193.3 
539.40 1193.7 
537.85 1194.0 
536.27 1194.4 
534.70 1194.7 
533.11 1195.1 
531.51 1195.4 
529.90 1195.7 
528.28 1196.1 
526.65 1196.4 
525.02 1196.7 
523.37 1197.0 
521.71 1197.3 
520.04 1197.7 
518.35 1198.0 

516.66 1198.3 
514.95 1198.5 

513.24 1198.8 

511.50 1199.1 
509.76 1199.4 
508.00 1199.7 
506.24 1199.9 
504.45 1200.2

10.300 
10.525 

10.762 
11.013 

11.280 

11.564 

11.867 

12.190 

12.538 

12.912 

13.316 
13.754 

14.232 

14.754 

15.328 

15.965 

16.675 

17.474 

18.380 

19.419 
20.623 

22.040 

23.741

3172496 
3159350 

3145466 

3130759 

3115127 

3098516 

3080790 

3061840 

3041496 

3019574 

2995940 
2970256 

2942289 

2911712 

2883403 

2856427 

2826324 

2792425 

2754019 

2709951 

2664651 

2617647 
2561222

9 .83e+008 9. 86e+008 

9. 89e-008 

9. 92e+008 

9.95e-008 

9.99e÷008 

1.0:e+009 

1.01e.009 

1.0!e÷009 

1. Ole,009 

1 .02e-009 

1.02e-009 

1. 03e+009 

1. 03e+009 

1.04e+009 

1.04e÷009 

1.05e-009 

1. C5e÷009 

1.C6e 009 

1. C6e-009 

1. 07et009 

1.08e+009 

1. 09e+009

204.4 
204.8 

205.3 

205.8 

206.3 

206.8 

207.3 

207.9 

208.4 

209.0 
209.6 

210.2 

210.9 

211.6 

212.3 

213.0 

213.8 

214.7 

215.6 

216.5 

217.6 

218.7 

220.0

vf_rpv 
[ft3/lbc] 

0.02217 
0.02213 

0.02210 

0.02206 
0.02202 
0.02199 

0.02195 
0.02192 

0.02188 
0.02184 

0.02181 

0.02177 
0.02173 

0.02170 

0.02166 
0.02163 
0.02159 

0.02155 
0.02152 
0.02148 

0.02145 
0.02141 

0.02137 

0.02134 
0.02130 

0.02127 

0.02123 
0.02119 
"0.02116 
0.02112 

0.02109 

0.02105 

0.02101 

0.02098 

0.02094 

0.02090 

0.02087 
0.02083 

0.02080 

0.02076

vgrpv 
[ft3/lbm] 

0.3771 

0.3808 

0.3847 

0.3886 
0.3926 

0.3966 
0.4007 

0.4049 
0.4091 
0.4135 

0.4179 
0.4224 
0.4269 

0.4316 
0.4363 
0.4412 
0.4461 
0.4511 
0.4562 

0.4615 

0.4668 

0.4722 

0.4778 
0.4834 

0.4892 

0.4951 

0.5011 
0.5072 

0.5135 

0.5199 

0.5265 

0.5332 

0.5401 

0.5471 

0.5543 

0.5617 

0.5692 
0.5769 

0.5848 

0.5929

wsrv [ibm/min.] 
78190 

77515 

76841 

76167 

75493 

74819 

74144 
73470 
72796 

72122 

71447 

70773 

70099 
69425 

68751 
68076 
67402 
66728 

66054 
65379 

64705 

64031 

63357 

62683 

62008 

61334 

60660 
59986 

59311 
58637 

57963 

57289 

56614 

55940 

55266 

54592 

53918 

53243 
52569 

51895

mf _rpv 
[ibm] 

532000 

530124 

528251 

526376 

524498 
522619 

520742 

518860 
516980 

515102 

513216 

511335 

509442 

507556 

505664 

503775 
501877 
499979 
498076 

496171 

494264 
492352 

490444 

488524 

486600 

484671 

482740 
480810 

478871 
476927 
474977 

473019 

471061 

469088 

467123 

465138 

463155 

461159 

459165 

457153

mg-rpv [ibm] 
15300 

15309 

15314 

15316 

15315 
15312 

15305 
15295 

15283 

15268 

15250 

15229 

15205 

15179 

15150 

15118 

15083 
15046 

15007 
14965 

14920 

14873 

14823 

14771 
14716 

14659 

14600 
14538 

14474 

14407 
14338 

14267 
14194 

14118 

14040 

13960 

13878 

13793 
13706 

13618
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745 512.30 
735 510.80 

725 509.28 

715 507.74 
705 506.19 

695 504.62 

685 503.03 

675 501.43 

665 499.81 

655 498.17 

645 496.52 

635 494.84 

625 493.14 

615 491.43 

605 489.69 
595 487.93 

585 486.15 

575 484.35 

565 482.52 
555 480.66 

545 478.78 
535 476.88 

525 474.95 

515 472.99 

505 471.01 
495 468.99 

485 466.95 
475 464.87 
465 462.76 

455 460.61 

445 458.43 

435 456.21 

425 453.96 

415 451.67 

405 449.33 
395 446.95 

385 444.53 
375 442.06 

365 439.53 
355 436.96 
345 434.33 

335 431.65 

325 428.91 
315 426.10 

305 423.22 

295 420.27 

285 417.26 

275 414.16 

265 410.97 

255 407.70 

245 404.33 

235 400.87 

225 397.28 

215 393.59 

205 389.76 

200 387.79 

195 385.79 

190 383.76 

185 381.67 

180 379.56 

175 377.40 

170 375.19 

165 372.94 

160 370.64 

155 368.28 

150 365.87 

145 363.40 

140 360.87

502.65 
500.84 

499.01 

497.17 
495.31 

493.43 

491.54 

489.64 

487.71 

485.77 
483.81 

481.83 
479.83 

477.82 

475.78 

473.72 
471.64 

469.53 

467.40 
465.25 

463.07 

460.87 

458.64 
456.39 

454.11 

451.80 
449.45 

447.08 
444.68 

442.24 
439.76 

437.25 

434.69 
432.11 

429.48 

426.80 

424.09 
421.32 

418.51 

415.64 
412.72 
409.74 

406.71 
403.60 

400.43 
397.20 
393.89 

390.50 

387.01 
383.45 
379.79 
376.03 

372.15 

368.16 

364.04 

361.93 
359.78 

357.60 

355.38 

353.10 
350.80 

348.44 

346.04 
343.59 

341.09 

338.52 
335.91 

333.23

1200.4 
1200.7 
1200.9 

1201.2 

1201.4 

1201.6 

1201.8 

1202.1 
1202.3 

1202.5 

1202.7 

1202.8 

1203 .0 

1203.2 
1203.4 

1203.5 

1203 .7 

1203.8 

1203.9 

1204.1 

1204.2 
1204.3 

1204.4 
1204.5 

1204.5 

1204.6 

1204.7 
1204.7 
1204.8 

1204.8 

1204.8 
1204.8 

1204.8 

1204.8 
1204.7 
1204.7 

1204.6 

1204.5 
1204.4 
1204.3 

1204.1 

1204.0 

1203.8 
1203.6 
1203.4 

1203.1 

1202.9 
1202.6 
1202.3 

1201.9 
1201.5 
1201.1 

1200.6 

1200.1 

1199.6 

1199.3 

1199.0 

1198.6 

1198.3 
1198.0 

1197.6 
1197.2 

1196.8 

1196.4 
1196.0 

1195.5 

1195.1 

1194.6

0.02072 
0.02069 

0.02065 
0.02061 

0.02058 

0.02054 
0.02050 

0.02047 

0.02043 
0.02039 

0.02036 

0.02032 
0.02028 

0.02024 

0.02021 
0.02017 

0.02013 

0.02009 

0.02005 
0.02002 

0.01998 

0.01994 
0.01990 

0.01986 

0.01982 
0.01978 

0.01974 

0.01970 
0.01966 
0.01962 

0.01958 

0.01954 

0.01950 
0.01946 

0.01942 

0.01938 
0.01934 
0.01929 

0.01925 

0.01921 
0.01916 
0.01912 

0.01908 

0.01903 
0.01899 
0.01894 

0.01889 
0.01885 
0.01880 
0.01875 

0.01870 
0.01865 

0.01860 

0.01855 

0.01849 

0.01847 
0.01844 

0.01841 

0.01839 
0.01836 

0.01833 
0.01830 

0.01827 

0.01824 

0.01821 
0.01818 

0.01815 

0.01812

0.6012 
0.6097 

0.6185 

0.6275 

0.6367 

0.6461 

0.6559 

0.6658 

0.6761 

0.6867 

0.6976 

0.7088 

0.7203 

0.7322 
0.7445 

0.7571 

0.7701 
0.7836 

0.7975 

0.8119 

0.8268 

0.8422 

0.8582 

0.8747 
0.8919 

0.9097 

0.9282 
0.9474 

0.9674 
0.9882 

1.0099 
1.0325 

1.0561 

1.0807 

1.1065 
1.1335 

1.1618 
1.1915 

1.2227 
1.2556 
1.2902 

1.3267 

1.3652 
1.4061 
1.4493 

1.4953 

1.5443 
1.5964 

1.6522 
1.7120 

1.7762 
1.8453 

1.9200 

2.0010 

2.0891 

2.1360 

2.1852 
2.2367 

2.2906 

2.3472 

2.4067 
2.4693 

2.5353 

2.6048 

2.6784 

2.7562 

2.8387 

2.9264

51221 
50546 

49872 

49198 

48524 

47850 

47175 

46501 
45827 

45153 

44478 

43804 

43130 

42456 

41782 

41107 
40433 

39759 
39085 

38410 
37736 

37062 

36388 
35714 

35039 

34365 
33691 

33017 
32342 

31668 
30994 

30320 

29646 
28971 

28297 

27623 

26949 
26274 

25600 
24926 

24252 
23578 

22903 

22229 
21555 
20881 

20206 

19532 
18858 
18184 

17510 
16835 

16161 
15487 

14813 

14476 
14138 

13801 

13464 
13127 

12790 

12453 
12116 

11779 

11442 

11104 

10767 

10430

455136 
453117 

451088 

449042 

446997 
444936 

442865 

440790 

438699 

436600 

434488 

432363 

430225 

428084 

425920 
423745 

421556 

419350 

417131 

414894 

412636 
410365 

408072 

405760 

403432 

401076 
398698 

396298 
393876 

391427 

388948 
386443 

383910 

381347 

378748 
376113 

373449 
370742 

367998 
365214 
362377 

359498 

356570 
353581 
350536 

347431 

344259 

341014 

337691 
334290 

330798 
327210 

323515 

319707 

315773 

313741 

311672 

309569 

307420 
305227 

302990 

300701 

298363 

295964 
293504 

290979 

288385 

285711

13527 
13433 

13338 

13241 

13141 

13039 

12936 

12830 

12722 

12613 

12501 
12387 

12271 

12153 

12033 

11911 

11788 

11662 

11534 

11404 

11273 

11139 

11004 

10866 

10727 

10585 

10442 

10297 

10150 

10001 
9850 

9697 

9542 

9385 

9226 

9065 

8902 

8738 

8571 

8402 
8231 

8058 

7883 
7706 

7527 
7346 
7162 

6977 
6789 

6598 
6406 

6211 
6014 

5814 
5612 

5510 

5408 

5304 

5200 
5096 

4990 

4884 
4778 

4670 

4562 

4453 

4343 

4233
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135 
130 

125 

120 

115 

110 

105 
100 

95 

90 

85 

80 
75 

70 

65 
60 

55 
50

358.27 
355.61 

352.87 

350.06 
347.15 

344.17 

341.08 

337.89 

334.59 

331.16 

327.60 

323.90 

320.04 
316.01 

311.78 

307.33 
302.64 

297.67

prpv erpv 
(psig] [Btu] 
1145 4.79e+OCS 
1135 4.77e+00; 
1125 4.75e+008 
1115 4.73e+008 
1105 4.71e+008 
1095 4.69e+OC8 
1085 4.66e+008 
1075 4.64e+008 
1065 4.62e+008 
1055 4.60e+008 
1045 4.58e+008 
1035 4.56e+008 
1025 4.54e+008 
1015 4.51e+008 
1005 4.49e+008 

995 4.47e÷00C8 
985 4.45e+008 
975 4.43e+0C8 
965 4.40e+008 
955 4.38e+08B 
945 4.36e+028 
935 4.34e+008 
925 4.32e+0=8 
915 4.29e+008 
905 4.27e+O08 
895 4.25e+008 
885 4.23e+008 
875 4.20e+008 
865 4.18e+008 
855 4.16e+008 
845 4.14e+008 
835 4.lle+028 
825 4.09e+0:8 
815 4.07e+CC8 
805 4.04e+C-8 
795 4.02e+0:8 
785 4.00e+038 
775 3.98e÷008 
765 3.95e+008 
755 3.93e+0C8 
745 3.90e+018 
735 3.88e+038 
725 3.86e+C08 
715 3.83e+008 
705 3.81e+038 
695 3.78e+008 
685 3.76e+008

330.48 
327.67 

324.78 

321.82 
3:8.76 

315.63 
312.39 
309.05 

305.59 

302.02 

298.31 

294.46 

290.44 

286.26 

281.88 
277.28 

272.44 

267.31

dmag_srv 
[Ibm] 

0.0 
1867.9 
1867.4 
1872.9 
1878.3 
1882.5 
1884.3 
1891.2 
1892.1 
1893.8 
1904.5 
1902.0 
1915.9 
1913.2 
1920.4 
1921.6 
1931.8 
1935.5 
1942.2 
1946.6 
1951.7 
1959.8 
1957.6 
1972.5 
1978.8 
1985.1 
1991.3 
1991.7 
2003.5 
2010.5 
2018.1 
2029.6 
2030.8 
2048.4 
2044.1 
2064.3 
2065.8 
2080.1 
2081.6 
2100.0 
2108.0 
2112.9 
2124.3 
2143.1 
2144.9 
2162.5 
2174.3

1194.0 
1193.5 

1192.9 

1192.3 

1191.7 

1191.0 

1190.3 

1189.6 

1188.8 

1188.0 
1187.1 

1186.2 

1185.2 
1184.1 

1183.0 

1181.8 
1180.5 

1179.1

mf sp 
[ibm] 

6052770 

6054638 
6056505 

6058378 
6060256 

6062139 
6064023 

6065914 

6067806 

6069700 
6071605 

6073507 
6075423 

6077336 
6079256 

6081178 

6083110 
6085045 
6086987 

6088934 

6090886 
6092845 

6094803 
6096775 

6098754 
6100739 
6102731 
6104722 
6106726 

6108736 
6110754 

6112784 

6114815 

6116863 

6118907 

6120972 
6123038 

6125118 

6127199 

6129299 
6131407 

6133520 

6135644 

6137788 

6139932 

6142095 

6144269

0.01809 
0.01806 
0.01802 
0.01799 

0.01796 

0.01792 

0.01789 

0.01785 

0.01781 

0.01778 

0.01774 

0.01770 
0.01766 

0.01761 

0.01757 
0.01753 

0.01748 
0.01743

dt 
(min.] 
0.0000 
0.0241 
0.0243 
0.0246 
0.0249 
0.0252 
0.0254 
0.0257 
0.0260 
0.0263 
0.0267 
0.0269 
0.0273 
0.0276 
0.0279 
0.0282 
0.0287 
0.0290 
0.0294 
0.0298 
0.0302 
0.0306 
0.0309 
0.0315 
0.0319 
0.0324 
0.0328 
0.0332 
0.0338 
0.0343 
0.0348 
0.0354 
0.0359 
0.0366 
0.0370 
0.0378 
0.0383 
0.0391 
0.0396 
0.0405 
0.0412 
0.0418 
0.0426 
0.0436 
0.0442 
0.0452 
0.0461

3.0197 
3.1192 

3.2256 
3.3396 

3.4620 

3.5940 
3.7365 

3.8910 

4.0590 

4.2425 

4.4437 

4.6654 

4.9109 

5.1843 

5.4907 
5.8367 

6.2304 

6.6827

t 
[min. ] 
2.000 

2.024 

2.048 
2.073 

2.098 

2.123 
2.148 

2.174 
2.200 

2.226 
2.253 

2.280 
2.307 

2.335 
2.363 

2.391 
2.420 

2.449 
2.478 

2.508 

2.538 
2.569 

2.600 
2.631 

2.663 

2.695 
2.728 
2.761 

2.795 
2.829 

2.864 
2.900 

2.935 

2.972 

3.009 

3.047 

3.085 

3.124 
3.164 

3.204 
3.246 

3.287 

3.330 

3.373 

3.418 

3.463 

3.509

10093 282959 
9756 280117 

9419 277182 

9082 274140 

8745 270981 

8408 267703 

8070 264279 
7733 260703 

7396 256959 

7059 253026 

6722 248870 

6385 244459 

6048 239747 

5711 234698 
5374 229238 

5036 223300 

4699 216769 

4362 209478

qdh 
[Btu/min.] 

4381320 
4374717 
4368058 
4361320 
4354502 
4347608 
4340644 
4333591 
4326469 
4319274 
4311970 
4304606 
4297117 
4289566 
4281912 
4274178 
4266324 
4258376 
4250319 
4242161 
4233896 
4225509 
4217043 
4208420 
4199676 
4190807 
4181812 
4172714 
4163458 
4154063 
4144523 
4134815 
4124986 
4114952 
4104817 
4094456 
4083957 
4073252 
4062402 
4051314 
4040037 
4028582 
4016911 
4004975 
3992863 
3980479 
3967850

esp [Btu] 
7. 99e+008 
8.02e+008 
8.04e+008 
8. 06e+008 
8. 08e+008 
8. 10e+008 
8.13e+008 
8. 15e+008 
8. 17e+008 
8. 19e+008 
8. 22e+008 
8.24e+008 
8.26e+008 
8.29e+008 
8. 31e+008 
8. 33e+008 
8.35e+008 
8. 38e+008 
8.40e+008 
8.42e+008 
8.45e+008 
8.47e+008 
8 .49e+008 
8.52e+008 
8.54e+008 
8.56e+008 
8. 59e+008 
8.61e+008 
8 .64e+008 
8.66e+008 
8.68e+008 
8.71e+008 
8.73e+008 
8 .76e+008 
8.78e+008 
8. 81e+008 
8. 83e+008 
8. 86e+008 
8.88e+008 
8.91e+008 
8.93e+008 
8.96e+008 
8. 98e+008 
9.Ole+008 
9.03e+008 
9.06e+008 
9.09e+008

4122 
4009 

3896 

3783 

3668 

3552 

3436 

3318 

3200 

3080 

2959 

2837 

2715 

2591 
2465 

2339 

2211 

2082

tsp 
[
0
F) 

164.1 

164.4 

164.7 

165.0 

165.4 
165.7 

166.0 
166.3 

166.7 

167.0 

167.3 

167.7 

168.0 
168.3 

168.7 

169.0 
169.3 

169.7 

170.0 

170.3 

170.7 

171.0 

171.4 

171.7 
172.0 

172.4 

172.7 

173.1 
173.4 
173.8 

174.1 

174.5 

174.8 

175.2 

175.5 

175.9 

176.2 

176.6 

177.0 

177.3 
177.7 
178.0 

178.4 
178.8 

179.1 

179.5 
179.9
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675 3.74e+008 

665 3.71e+008 

655 3.69e+008 

645 3.66e+008 

635 3.64e+008 

625 3.61e+008 

615 3.59e+008 

605 3.56e+008 
595 3.54e+008 

585 3.51e+008 
575 3.48e+008 

565 3.46e+008 

555 3.43e+008 

545 3.41e+008 

535 3.38e+008 

525 3.35e+008 

515 3.33e+008 

505 3.30e+008 

495 3.27e+008 

485 3.24e+008 

475 3.22e+008 

465 3.19e+008 
455 3.16e+008 

445 3.13e+008 

435 3.10e+008 

425 3.07e+008 

415 3.04e+008 

405 3.Ole+008 
395 2.98e+008 

385 2.95e+008 

375 2.92e+008 

365 2.89e+008 
355 2.86e+008 

345 2.83e+008 

335 2.80e+008 

325 2.76e+008 

315 2.73e+008 

305 2.70e+008 

295 2.66e+008 

285 2.63e+008 

275 2.59e+008 

265 2.56e+008 

255 2.52e+008 
245 2.48e+008 

235 2.44e+008 

225 2.40e+008 

215 2.36e+008 

205 2.32e+008 

200 2.30e+008 

195 2.28e+008 

190 2.26e÷008 

185 2.24e+008 

180 2.22e+008 

175 2.19e+008 

170 2.17e+008 

165 2.15e+008 
160 2.12e+008 

155 2.10e+008 

150 2.08e+008 

145 2.05e+008 

140 2.03e+008 

135 2.00e+008 

130 1.98e+008 

125 1.95e+008 

120 1.92e+008 

115 1.89e+008 

110 1.86e+008 

105 1.83e÷008

2180.6 6146450 

2198.6 6148648 

2209.2 6150858 

2223.2 6153081 

2239.1 6155320 

2253.9 6157574 

2259.6 6159833 

2282.9 6162116 

2297.2 6164414 

2312.6 6166726 

2332.1 6169058 

2346.4 6171405 

2366.6 6173771 

2390.1 6176161 

2404.2 6178565 

2428.9 6180994 

2448.9 6183443 

2468.4 6185912 

2497.3 6188409 

2520.7 6190930 

2545.1 6193475 

2569.0 6196044 

2597.9 6198642 

2630.4 6201272 

2658.0 6203930 

2688.3 6206618 

2719.4 6209338 

2757.7 6212096 

2796.4 6214892 

2826.6 6217719 

2872.0 6220591 

2910.5 6223501 

2953.3 6226454 

3007.0 6229461 

3052.4 6232514 

3103.3 6235617 

3165.3 6238782 

3224.1 6242007 

3287.2 6245294 

3354.9 6248649 

3430.8 6252079 

3510.5 6255590 

3591.9 6259182 
3684.3 6262866 

3782.7 6266649 

3891.5 6270540 

4008.3 6274549 

4136.1 6278685 

2134.1 6280819 

2171.4 6282990 

2205.8 6285196 

2253.6 6287450 

2297.7 6289747 

2341.9 6292089 

2395.7 6294485 

2444.7 6296930 

2505.8 6299435 

2568.8 6302004 

2633.2 6304637 

2704.5 6307342 

2784.6 6310127 

2863.4 6312990 

2953.5 6315943 

3048.4 6318992 

3155.5 6322141 

3274.0 6325423 

3393.6 6328815 

3540.2 6332355

0.0469 
0.0480 

0.0489 
0.0500 

0.0511 

0.0523 

0.0532 

0.0546 

0.0559 
0.0572 

0.0587 

0.0600 
0.0616 

0.0633 

0.0649 
0.0668 

0.0686 

0.0704 
0.0727 

0.0748 

0.0771 

0.0794 
0.0820 

0.0849 

0.0877 
0.0907 

0.0939 

0.0975 

0.1012 
0.1049 

0.1093 

0.1137 
0.1185 
0.1240 

0.1295 
0.1355 

0.1424 
0.1496 

0.1574 

0.1660 
0.1756 

0.1862 
0.1975 

0.2104 

0.2247 
0.2408 
0.2588 

0.2792 

0.1474 
0.1536 

0.1598 

0.1674 
0.1750 

0.1831 

0.1924 
0.2018 
0.2127 

0.2245 

0.2371 

0.2512 

0.2670 

* 0.2837 

0.3027 

0.3236 
0.3475 

* 0.3744 

0.4036 
0.4387

3.556 
3.604 

3.653 
3.703 

3.754 

3.806 

3.859 

3.914 

3.970 

4.027 

4.086 
4.146 

4.207 

4.271 
4.336 

4.402 
4.471 

4.541 

4.614 

4.689 
4.766 
4.845 

4.927 
5.012 
5.100 

5.191 

5.284 

5.382 
"5.483 
5.588 

5.697 
5.811 
5.929 

6.053 
6.183 
6.318 

6.461 

6.610 
6.768 

6.934 
7.110 

7.296 
7.493 
7.704 
7.928 

8.169 

8.428 
8.707 

8.855 

9.008 

9.168 

9.335 

9.510 

9.694 
9.886 

10.088 
10.300 
10.525 

10.762 

11.013 

11.280 

11.564 

11.867 

12.190 

12.538 
12.912 

13.316 
13.7S4

3955000 
3941854 

3928448 

3914751 

3900745 

3886426 

3871842 
3856870 

3841557 

3829395 
3820936 

3812278 

3803392 
3794258 

3784903 
3775276 

3765387 
3755227 

3744747 

3733957 
3722840 

3711384 
3699553 

3687314 

3674671 

3661593 
3648057 

3634002 

3619402 
3604275 

3588511 
3572115 

3555028 

3539537 
3526654 

3513171 
3499002 

3484117 

3468452 
3451930 
3434452 

3415927 
3396271 
3375332 
3352973 

3332670 
3312514 

3290768 

3279287 

3267327 

3254880 

3241845 
3228214 

3213955 

3198972 
3184953 
3172496 

3159350 

3145466 

3130759 

3115127 

3098516 

3080790 

3061840 
3041496 

3019574 

2995940 

2970256

9.11e+008 180.3 
9.14e+008 180.6 

9.17e+008 181.0 

9.19e+008 181.4 

9.22e+008 181.8 

9.25e+008 182.2 

9.27e+008 182.6 

9.30e+008 182.9 

9.33e+008 183.3 

9.36e+008 183.7 

9.38e+008 184.1 

9.41e+008 184.5 

9.44e+008 184.9 

9.47e+008 185.3 

9.50e+008 185.7 

9.53e+008 186.2 

9.56e+008 186.6 

9.59e+008 187.0 

9.62e+008 187.4 

9.65e+008 187.8 

9.68e+008 188.3 

9.71e+008 188.7 

9.74e+008 189.2 

9.77e+008 189.6 

9.80e+008 190.0 

9.84e+008 190.5 

9.87e+008 191.0 

9.90e+008 191.4 

9.94e+008 191.9 

9.97e+008 192.4 

1.00e+009 192.8 

1.00e+009 193.3 

1.01e+009 193.8 

1.Ole+009 194.3 

1.Ole+009 194.8 

1.02e+009 195.4 

1.02e+009 195.9 

1.03e+009 196.4 

1.03e+009 197.0 

1.03e+009 197.5 

1.04e+009 198.1 

1.04e+009 198.7 

1.05e+009 199.3 

1.05e+009 199.9 

1.06e+009 200.5 

1.06e+009 201.1 

1.07e+009 201.8 

1.07e+009 202.5 

1.07e+009 202.8 

1.08e+009 203.2 

1.08e+009 203.5 

1.08e+009 203.9 

1.08e+009 204.3 

1.09e+009 204.7 

1.09e+009 205.1 

1.09e+009 205.5 

1.10e+009 205.9 

1.l1e+009 206.3 

1.10e+009 206.7 

1.10e+009 207.1 

1.lle+009 207.6 

1.11e+009 208.1 

1.11e+009 208.5 

1.12e÷009 209.0 

1.12e+009 209.5 

1.13e+009 210.1 

1.13e+009 210.6 

1.13e+009 211.2
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100 
95 
90 

85 
80 

75 
70 

65 
60 

SS 
50

I. BOe+008 
1. 77e+008 
1. 74e-i 008 
1. 71e+O08 
1. 67e+008 
1.64e+008 
1. 60e+008 
1.56e4008 
1.52e+0O8 

1.48e+008 

1.43c.008

torus water level - 13.88 ft

prpv trpv hfrpv 
[psig) (OFJ (Rtu/ibm]
1145 
1135 

1125 
1115 
1105 

1095 
1085 
1075 
1065 
1055 
1045 
1035 

1025 

1015 
i005 

995 

985 
97S 
965 

955 
945 
935 

925 
915 

905 
895 
885 

875 
865 

855 
845 
835 
825 

815 
805 
./95 

785 
775 
765 

755 

745 
735 
725 

715 

705 
695 

685 

675 
665 
655 

645 
635

562 .88 
561 .79 

560 .70 
559.60 

558.49 
557.37 
556.24 
555.11 

553 .97 
552.82 

551.66 

550.50 
549.32 

548.14 
546.95 

545.75 

544.54 
543 .32 
542.10 

540.86 
539.61 
538.35 

537.09 
535.81 

534.52 
533.22 

531.91 
530.59 
529.26 
527.92 

526.56 
525.20 
523.82 

522.42 

521.02 
519.60 

518.16 
516.72 

515.26 

513.78 

512.30 
510.R0 
509.28 

507.74 

506.19 
504.62 

503,03 

501.43 

499.81 
498.17 

496.52 
494.84

566.16 

564.74 

563.31 
561.87 

560.42 

558.97 
557.51 

556.04 
554. SI 
553.09 

551.60 
550.11 
548.60 
547.09 

545,57 
544.04 

542.51 
540.96 

539.40 
537.85 
536.27 
534,70 

533.11 
531.51 

529.90 

528.28 
526.65 
525.02 

523 .37 
521.71 

520.04 
518.35 
516.66 

514.95 
513 .24 
511.50 
509.76 

508.00 

506 .24 

504.45 

502.65 
500.84 
499.01 

497.17 

495.31 

493.43 
491.54 

489.64 

487.71 
485.77 

483.81 

481.83

3693.7 
3862.4 

4052.4 

4276.6 
4533.1 
4835.3 
5172.7 

5585.0 

6064.3 
6659.2 

7420.5

6336049 

6339911 
634A964 

6348240 

6352773 
6357609 

6362781 

6368366 
6374431 

6381090 
6388510

0.47-i76 

0.5222 
0.5741 

0.6362 

0.7100 

0.7995 

0.9058 

1.0393 
1.2041 

1.4171 

1.7011

14.232 

14.754 

15.328 

15.965 
16.675 

17.474 

18.380 

19.419 
20.623 

22.040 

23.741

2942289 
2911712 
2883403 

2856427 

2826324 
2792425 

2754019 

2709951 

2664651 

2617647 

2561222

1.14e+009 
1. 14e+009 

1.lSe÷009 
1. Se+On9 

1 .16e+009 

1.16e+009 

1.17e+009 

1. 18e+009 
1.18e+U09 

1.19e+009 

1.20e.009

211.8 
212.4 

213.0 

71.3.7 

214.4 

215.2 
216.0 

216.9 
217.8 

218.8 

220.0 

"mgpv 
Cibm] 

15300 

15309 

15314 
15316 

15315 

15312 
15305 
15295 
15283 

15268 
1 52S0o 

15229 
15205 
15179 

15150 
15118 

15083 
15046 

15007 

14965 

14920 
14573 

14823 

14771 
14716 

14659 
14600 

14538 

14474 

14407 
14338 
14267 

14194 

14118 
14040 

13960 
13878 

13793 

1370G 

13618 
13527 

13433 
13338 
13241 

13141 

13039 
12936 

12830 

12722 

12613 
22501 

123e7

hgrpv 

[Btu/ibm] 
1186.6 
1187.0 
1187.4 
1187.8 
118h.3 
1188.7 
1189.1 
1189.5 

1189.9 
1190.3 
1190.7 

1191.1 

1191.4 
1191.8 
1192.2 
1192.6 

1192.9 

1193.3 
1193.7 

1194.0 
1194.4 

1194.7 
1195.1 

1195.4 

1195.7 
1196.1 

1196.4 
1196.7 
1197.0 

1197.3 

1197.7 
1198.0 

1198.3 

1198.5 
1198.8 

1199.1 

1299.4 
1199.7 

1199.9 
1200.2 
1200.4 

1200.7 
1200.9 

1201,2 
1201.4 

1201.6 

1201.8 
1202.1 
1202.3 

1202.5 
1202.7 
1202.8

Vfmrpv 

[Ift3/Ibm) 

0.02217 
0.02213 

0.02210 
0.02206 
0.02202 
0.02199 

0.02195 
0.02)92 

0.02188 
0. U21H4 

0.02181 
0.02177 
0.02173 

0.02170 
0.02166 

0.02163 
0.02159 
0.0215S 
0.02152 

0.02148 
0.02145 

0.02141 
0.02137 
0.02134 

0.02130 
0.02127 

0.02123 
0.02119 
0.02136 
0.02112 

0.02109 
0.02105 
0.02101 

0.02098 
0.02094 
0.02090 

0.02087 
0.02083 

0.02080 
0.02076 
0.02072 
0.02069 
0.02065 

0.02061 

0.02058 
0.02054 

0.02050 

0.02047 
0,02043 

O .U2039 

0.02036 
0.02032

vgrpv 
(ft3/ibm] 

0.3771 

0.3808 

0.3847 
0.3886 

0.3926 

0.3966 
0.4007 
0.4049 
0.4091 

0.4135 
0.4179 

0.4224 
0.426g 

0.4316 
0.4363 
0.4412 

0.4461 
0.4511 
0.4562 

0.4615 
0.4668 
0.4722 

0.4778 
0.4834 

0.4892 

0.4951 
0.5011 
0.5072 

0.5135 
0.5199 
0.5265 
0.5332 
0.5401 

0.$471 
0.5543 
0.5617 
0.5692 

0.5769 
0.5848 

0.5929 

0.6012 

0.6097 
0.6185 
0.6275 

0.6367 

0.6461 
o06559 
0. 6658 

0. 6761 
0.6867 
0.6976 
0. 7008

wsrv 

(ibm/min.  
78190 
77515 

76841 

76167 
75493 

74819 

74144 
73470 

72796 
72122 

71447 

70773 
70099 

69425 
68751 

68076 

67402 
66720 
66054 

65379 
64705 

64031 

63357 
62683 

62008 
61334 

60660 

59986 
S9311 
58637 

57963 
57289 

56614 

55940 
55266 
54592 

53918 
53243 

52569 

51895 
51221 
50546 

49872 

49198 

48524 

47850 

4717S 
46501 

45827 
45153 

44478 
43804

mf_rpv 
[ibm] 

532000 
530124 
528251 
526376 

S24498 
522619 
520742 
519860 

516980 

515102 
513216 

511335 
50!M42 

S07556 
sos064 
S03775 

501877 
499979 

498076 
4961"11 

494264 
492352 

490444 
488524 

486600 

484671 
482740 

480810 

478671 
4/6927 

474977 

473019 
471061 

469088 

467123 

465138 
463155 

461159 
459165 

457153 

455136 

453117 

451088 
449042 

446997 

444936 
442865 

440790 

438699 

436600 

434488 

432363

(V
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625 493.14 

615 491.43 

605 489.69 

595 487.93 

585 486.15 

575 484.35 

565 482.52 
555 480.66 

545 478.78 

535 476.88 

525 474.95 

515 472.99 

505 471.01 
495 468.99 

485 466.95 

475 464.87 

465 462.76 

455 460.61 

445 458.43 

435 456.21 

425 453.96 

415 451.67 

405 449.33 
395 446.95 

385 444.53 

375 442.06 

365 439.53 
355 436.96 

345 434.33 

335 431.65 

325 428.91 

315 426.10 

305 423.22 

295 420.27 

285 417.26 

275 414.16 

265 410.97 

255 407.70 

245 404.33 

235 400.87 

225 397.28 

215 393.59 
205 389.76 
200 387.79 

195 385.79 

190 383.76 

185 381.67 

180 379.56 

175 377.40 

170 375.19 

165 372.94 

160 370.64 

155 368.28 

150 365.87 

145 363.40 

140 360.87 

135 358.27 

130 355.61 

125 352.87 

120 350.06 

115 347.15 

110 344.17 

105 341.08 

100 337.89 
95 334.59 

90 331.16 

85 327.60 

80 323.90

479.83 
477.82 

475.78 

473 .72 

471.64 

469.53 
467.40 

465.25 
463.07 

460.87 

458.64 

456.39 

454.11 

451.80 
449.45 

447.08 

444.68 
442.24 

439.76 

437.25 

434.69 
432.11 

429.48 

426.80 

424.09 
421.32 

418.51 

415.64 
412.72 

409.74 

406.71 
403.60 
400.43 
397.20 

393.89 

390.50 

387.01 
383.45 

379.79 
376.03 
372.15 

368.16 
364.04 
361.93 
359.78 
357.60 

355.38 

353.10 
350.80 

348.44 

346.04 
343.59 
341.09 
338.52 

335.91 

333.23 

330.48 

327.67 
324.78 

321.82 

318.76 

315.63 

312.39 

309.05 
305.59 

302.02 

298.31 
294.46

1203.0 
1203.2 

1203.4 

1203.5 

1203.7 

1203.8 
1203.9 

1204.1 

1204.2 

1204.3 

1204.4 

1204.5 

1204.5 

1204.6 

1204.7 
1204.7 

1204.8 

1204.8 
1204.8 

1204.8 

1204.8 

1204.8 
1204.7 

1204.7 

1204.6 
1204.5 

1204.4 
1204.3 

1204.1 
1204.0 
1203. 8 

1203.6 

1203.4 
1203.1 
1202.9 

1202.6 
1202.3 
1201.9 

1201.5 

1201.1 
1200.6 
1200.1 

1199.6 
1199.3 
1199.0 

1198.6 

1198.3 

1198.0 

1197.6 
1197.2 
1196.8 

1196.4 
1196.0 
1195.5 

1195.1 

1194.6 

1194.0 

1193.5 

1192.9 

1192.3 

1191.7 

1191.0 

1190.3 
1189.6 
1188.8 

1188.0 

1187.1 
1186.2

0.02028 
0.02024 
0.02021 

0.02017 

0.02013 
0.02009 

0.02005 

0.02002 
0.01998 

0.01994 

0.01990 

0.01986 

0.01982 

0.01978 
0.01974 

0.01970 

0.01966 

0.01962 

0.01958 

0.01954 
0.01950 

0.01946 

0.01942 

0.01938 
0.01934 

0.01929 

0.01925 
0.01921 

0.01916 

0.01912 
0.01908 
0.01903 

0.01899 

0.01894 
0.01889 

0.01885 

0.01880 
0.01875 

0.01870 
0.01865 

0.01860 

0.01855 
0.01849 
0.01847 
0.01844 
0.01841 

0.01839 
0.01836 

0.01833 

0.01830 

0.01827 
0.01824 

0.01821 
0.01818 

0.01815 
0.01812 

0.01809 

0.01806 

0.01802 

0.01799 

0.01796 

0.01792 

0.01789 
0.01785 
0.01781 

0.01778 

0.01774 
0.01770

0.7203 
0.7322 

0.7445 

0.7571 

0.7701 

0.7836 
0.7975 

0.8119 

0.8268 
0.8422 

0.8582 

0.8747 

0.8919 

0.9097 

0.9282 
0.9474 

0.9674 
0.9882 

1.0099 
1.0325 

1.0561 

1.0807 

1.1065 
1.1335 

1.1618 
1.1915 

1.2227 

1.2556 

1.2902 
1.3267 

1.3652 

1.4061 

1.4493 
1.4953 
1.5443 

1.5964 
1.6522 
1.7120 

1.7762 

1.8453 
1.9200 

2.0010 
2.0891 
2.1360 

2.1852 
2.2367 

2.2906 

2.3472 

2.4067 
2.4693 

2.5353 
2.6048 

2.6784 
2.7562 

2.8387 

2.9264 
3.0197 

3.1192 

3.2256 
3.3396 

3.4620 

3.5940 
3.7365 

3.8910 
4.0590 

4.2425 

4.4437 
4.6654

43130 
42456 

41782 

41107 

40433 

39759 

39085 

38410 
37736 

37062 

36388 
35714 

35039 

34365 

33691 

33017 

32342 

31668 

30994 

30320 
29646 

28971 

28297 

27623 

26949 

26274 

25600 
24926 
24252 

23578 

22903 
22229 
21555 

20881 

20206 
19532 

18858 

18184 
17510 

16835 

16161 
15487 
14813 
14476 

14138 
13801 

13464 

13127 

12790 

12453 
12116 

11779 

11442 
11104 

10767 

10430 

10093 
9756 

9419 

9082 
8745 

8408 

8070 

7733 
7396 

7059 

6722 

6385

430225 
428084 

425920 

423745 

421556 

419350 

417131 

414894 
412636 

410365 

408072 

405760 

403432 

401076 

398698 

396298 

393876 

391427 
388948 

386443 
383910 

381347 

378748 

376113 

373449 

370742 

367998 

365214 

362377 
359498 

356570 

353581 
350536 

347431 
344259 
341014 

337691 
334290 

330798 

327210 
323515 

319707 

315773 
313741 
311672 

309569 
307420 

305227 

302990 

300701 
298363 

295964 

293504 
290979 
288385 

285711 

282959 

280117 

277182 

274140 

270981 
267703 

264279 

260703 

256959 
253026 

248870 

244459

12271 
12153 

12033 

11911 

11788 

11662 

11534 
11404 

11273 

11139 

11004 

10866 

10727 

10585 

10442 

10297 

10150 

10001 
9850 

9697 

9542 
9385 

9226 

9065 

8902 

8738 

8571 

8402 

8231 
8058 

7883 
7706 

7527 
7346 

7162 

6977 

6789 
6598 

6406 

6211 

6014 

5814 
5612 

5510 
5408 

5304 
5200 

5096 

4990 

4884 

4778 

4670 
4562 

4453 
4343 

4233 

4122 

4009 

3896 

3783 

3668 

3552 

3436 
3318 

3200 
3080 
2959 

2837
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75 
70 

65 

60 

55 

50 

prpv 

[psig] 
1145 

1135 

1125 
1115 

1105 

1095 
1085 

1075 

1065 

1055 

1045 
1035 

1025 
1015 

1005 

995 
985 

975 

965 

955 
945 

935 
925 
915 
905 
895 

885 

875 
865 

855 

845 
835 

825 
815 
805 
795 
785 

775 
765 

755 

745 
735 

725 

715 
705 
695 

685 

675 
665 

655 

645 

635 

625 

615 

605 

595 
585 

575 

565

320.04 
316.01 

311.78 

307.33 

302.64 

297.67 

erpv 

[Btu] 

4. 79e+001 

4. 77e÷001 

4. 75e+001 

4. 73e+001 
4. 71e+001 

4 .69e+001 

4 .66e+001 

4. 64e+001 

4.62e+001 

4.60e+001 

4.58e+00M 
4.56e+00M 

4. 54e+00M 
4. 5le+00M 

4.49e+00I 

4.47e+00 

4.45e+00 
4.43e+00 

4.40e+00 

4.38e+00 
4.36e+00 

4.34e+00 

4.32e+00 
4.29e+00 
4 .27e+00 

4.25e+00 

4.23e+00 

4.20e+00 
4. 18e+00 

4. 16e+00 
4. 14e+00 

4. lle+00 

4. 09e+00 
4. 07e+00 
4. 04e+00 
4. 02e+00 
4. 00e+00 

3 .98e+00 

3.95e+00 

3.93e+00 

3.90e+00 
3. 88e+00 

3. 86e+00 

3. 83e+00 
3. 81e+00 
3. 78e+00 

3.76e+00 
3.74e+00 

3 .71e+00 

3 .69e+00 

3.66e+00 

3.64e+00 

3.61e+00 

3.59e+00 

3.56e+00 
3.54e+00 

3.Sle+00 

3.48e+00 

3.46e+00

4.9109 
5.1843 

5.4907 

5.8367 

6.2304 

6.6827

290.44 
286.26 
281.88 

277.28 

272.44 

267.31 

dmgsr% 
(Ibm] 

3 1867.S 

3 1867.4 

3 1872.S 

3 1878.A 

3 1882. E 

3 1884.-` 

3 1891.; 

3 1892.1 

a 1893.  

a 1904.  

3 1902A( 

a 1915.! 
3 1913 .  

B 1920.ý 

a 1921.  

8 1931.1 

8 1935.! 

8 1942.  

8 1946.4 

8 1951., 

8 1959.1 

8 1957.0 

8 1972.! 

8 1978.1 

8 1985.: 
8 1991.: 

8 1991., 

8 2003 .! 
8 2010.1 

8 2018.: 

8 2029.4 

8 2030.1 

8 2048..  
8 2044.: 

8 2064.  

8 2065.' 

8 2080.: 

8 2081.' 

8 2100.' 

8 2108.  

8 2112.  

8 2124.: 

8 2143.  

8 2144.  

8 2162.  

8 2174.  

8 2180.  

8 2198.  

8 2209.  

8 2223.  

8 2239.  

8 2253.  

8 2259.  

8 2282.  

8 2297.  

8 2312.  

8 2332.  

8 2346.

6048 
5711 
5374 

5036 

4699 
4362

1185.2 

1184.1 

1183.0 

1181.8 

1180.5 

1179.1 

mf-sp 
(ibm] 

6584924 

9 6586792 

6588659 

1 6590532 

3 6592410 
5 6594293 

3 6596177 

! 6598068 

L 6599960 

6601854 

5 6603759 

6605661 
6607576 

6609490 

1 6611410 
6 6613332 

8 6615263 

5 6617199 

? 6619141 
5 6621088 

7 6623039 

8 6624999 
; 6626957 

5 6628929 

3 6630908 

L 6632893 
3 6634884 

7 6636876 

5 6638880 

5 6640890 

1 6642908 
5 6644938 

3 6646969 
4 6649017 
1 6651061 
3 6653126 

8 6655191 

1 6657271 

6 6659353 

0 6661453 

0 6663561 
9 6665674 

3 6667798 

1 6669941 

9 6672086 

5 6674249 
3 6676423 

6 6678604 

6 6680802 

2 6683011 

2 6685235 

1 6687474 
9 6689728 

6 6691987 
9 6694270 

2 6696567 

6 6698880 
1 6701212 

4 6703558

0.01766 
0.01761 

0.01757 

0.01753 

0.01748 

0.01743 

dt 

[min.] 
0.0000 

0.0241 

0.0243 
0.0246 

0.0249 

0.0252 

0.0254 

0.0257 

0.0260 

0.0263 

0.0267 
0.0269 

0.0273 

0.0276 
0.0279 

0.0282 

0.0287 
0.0290 

0.0294 
0.0298 

0.0302 

0.0306 

0.0309 
0. 0315 

0.0319 
0.0324 

0.0328 
0.0332 

0.0338 

0.0343 

0.0348 
0.0354 

0.0359 

0 0366 
0.0370 
0.0378 
0.0383 

0.0391 

0.0396 

0.0405 

0.0412 

0.0418 

0.0426 
0.0436 

0.0442 

0.0452 
0.0461 
0.0469 

0.0480 
0.0489 

0.0500 

0.0511 
0.0523 

0.0532 

0.0546 
0.0559 

0.0572 

0.0587 

0.0600

t 
[min. ] 
2.000 
2.024 

2.048 

2.073 
2.098 

2.123 

2.148 
2.174 
2.200 

2.226 
2.253 

2.280 

2.307 
2.335 

2.363 
2.391 

2.420 
2.449 

2.478 

2.508 

2.538 

2.569 

2.600 

2.631 

2.663 
2.695 

2.728 

2.761 

2.795 
2.829 

2.864 

2.900 

2.935 
2.972 
3.009 
3.047 

3.085 
3.124 

3.164 

3.204 
3.246 

3.287 

3.330 
3.373 
3.418 

3.463 

3.509 
3.556 

3.604 

3.653 

3.703 

3.754 

3.806 

3.859 

3.914 

3.970 

4.027 

4.086 

4.146

qdh 
(Btu/min. ] 

4381320 
4374717 
4368058 
4361320 
4354502 
4347608 
4340644 
4333591 
4326469 
4319274 
4311970 
4304606 
4297117 
4289566 
4281912 
4274178 
4266324 
4258376 
4250319 
4242161 
4233896 
4225509 
4217043 
4208420 
4199676 
4190807 
4181812 
4172714 
4163458 
4154063 
4144523 
4134815 
4124986 
4114952 
4104817 
4094456 
4083957 
4073252 
4062402 
4051314 
4040037 
4028582 
4016911 
4004975 
3992863 
3980479 
3967850 
3955000 
3941854 
3928448 
3914751 
3900745 
3886426 
3871842 
3856870 
3841557 
3829395 
3820936 
3812278

239747 
234698 

229238 

223300 

216769 
209478 

esp 

[Btu] 

8 . 99eo008 
9. 02e+008 
9. 04e+008 

9 .06e+008 
9. 08e+008 

9 .1oe+008 

9 .13e+008 

9 .15e+008 

9. 17e+008 

9. 19e+008 

9. 22e+008 
9.24e+008 

9. 26e+008 

9.29e+008 

9 .31e+008 
9.33e+008 

9.35e+008 

9.38e+008 
9.40e+008 

9.42e+008 

9.45e+008 

9 .47e+008 
9. 49e+008 

9.52e+008 
9. 54e+008 

9. 57e+008 
9. 59e+008 

9.61e+008 

9. 64e+008 
9. 66e+008 

9. 68e+008 

9 71e+008 

9 73e+008 

9 76e+008 
9 78e+008 
9 81e+008 
9 83e+008 

9 86e÷008 
9 88e+008 

9 .91e+008 

9. 93e+008 

9. 96e+008 

9. 98e+008 

1. 00e+009 
1. 00e+009 
1. Ole+009 

1. Ole+009 

1. Ole+009 
1.Ole+009 

1. 02e+009 

1.02e+009 

1.02e+009 

1 .02e+009 

1 .03e÷009 

1.03e+009 
1.03e+009 

1.04e+009 

1. 04e+009 
1. 04e+009

2715 
2591 

2465 

2339 

2211 

2082 

tsp 
[°F] 
168.6 

168.9 
169.2 

169.5 

169.8 

170.1 

170.4 

170.7 

171.0 

171.3 

171.6 

171.9 
172.2 

172.5 

172.8 
173.1 

173.4 

173.7 

174.0 
174.3 

174.6 

175.0 
175.3 

175.6 

175.9 
176.2 
176.5 

176.8 

177.2 

177.5 
177.8 

178.1 

178.4 
178.8 
179.1 
179.4 

179.7 

180.1 
180.4 

180.7 

181.1 
181.4 

181.7 

182.1 

182.4 
182.7 

183.1 

183.4 

183.8 

184.1 

184.5 

184.8 

185.2 

185.5 

185.9 
186.2 

186.6 
187.0 

187.3
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555 
545 

535 

525 

515 

505 

495 

485 

475 
465 

455 

445 

435 
425 

415 

405 

395 

385 

375 
365 

355 

345 
335 
325 

315 

305 
295 

285 

275 

265 
255 

245 
235 
225 
215 

205 

200 

195 
190 

185 

180 
175 

170 
165 

160 
155 

150 

145 

140 

135 
130 

125 

120 

115 
110 
105 

100 
95 

90 

85 
80 

75 

70 
65 
60 

55 

50

3.43e+008 

3 .41e+008 
3.38e+008 

3.35e+008 

3.33e+008 

3. 30e+008 

3.27e+008 
3. 24e+008 

3.22e+008 

3.19e+008 
3 .16e+008 

3.13e+008 

3. 10e+008 
3.07e+008 

3.04e+008 

3. Ole+008 
2.98e+008 

2. 95e+008 

2.92e+008 
2.89e+008 

2.86e+008 
2.83e+008 

2. 80e+008 
2. 76e+008 

2.73e+008 

2. 70e+008 

2.66e+008 
2.63e+008 

2.59e+008 

2.56e+008 
2.52e+008 

2.48e+008 
2.44e+008 

2.40e+008 
2.36e+008 
2.32e+008 

2.30e+008 

2.28e+008 
2.26e+008 

2.24e+008 

2.22e+008 

2. 19e+008 
2. 17e+008 
2. 15e+008 
2. 12e+008 

2.10e+008 

2.08e+008 

2.05e+008 

2.03e+008 

2.00e+008 
1.98e+008 

1.95e+008 
1.92e+008 

1.89e+008 
1. 86e+008 
1.83e+008 

1. 80e+008 

1. 77e+008 

1. 74e+008 

1.71e+008 

1.67e+008 

1.64e+008 

1.60e+008 
1.56e+008 

1.52e+008 
1.48e+008 

1.43e+008

2366.6 
2390.1 

2404.2 

2428.9 

2448.9 

2468.4 

2497.3 

2520.7 
2545.1 

2569.0 

2597.9 

2630.4 
2658.0 

2688.3 

2719.4 

2757.7 

2796.4 

2826.6 
2872.0 

2910.5 

2953.3 
3007.0 
3052.4 

3103.3 

3165.3 
3224.1 

3287.2 

3354.9 
3430.8 

3510.5 

3591.9 

3684.3 
3782.7 
3891.5 

4008.3 

4136.1 
2134.1 

2171.4 
2205.8 

2253.6 

2297.7 
2341.9 

2395.7 
2444.7 
2505.8 

2568.8 
2633.2 

2704.5 

2784.6 

2863.4 

2953.5 
3048.4 
3155.5 

3274.0 
3393.6 

3540.2 
3693.7 

3862.4 

4052.4 

4276.6 

4533.1 

4835.3 
5172.7 

5585.0 
6064.3 
6659.2 

7420.5

6705925 
6708315 

6710719 

6713148 

6715597 

6718066 
6720563 

6723084 

6725629 
6728198 

6730796 

6733426 

6736084 

6738772 

6741492 

6744249 

6747046 

6749872 
6752744 

6755655 

6758608 

6761615 
6764668 

6767771 

6770936 
6774160 

6777448 

6780802 

6784233 
6787744 

6791336 

6795020 
6798803 
6802694 
6806703 

6810839 

6812973 
6815144 

6817350 

6819604 
6821901 
6824243 

6826639 
6829083 
6831589 

6834158 
6836791 

6839496 

6842280 

6845144 

6848097 
6851146 
6854301 

6857575 

6860969 
6864509 

6868203 

6872065 

6876117 
6880394 

6884927 

6889762 

6894935 

6900520 
6906585 

6913244 

6920664

0.0616 
0.0633 

0.0649 

0.0668 
0.0686 

0.0704 

0.0727 

0.0748 

0.0771 

0.0794 
0.0820 

0.0849 
0.0877 

0.0907 

0.0939 

0.0975 
0. 1012 

0.1049 

0. 1093 
0. 1137 

0. 1185 
0. 1240 

0.1295 
0.1355 

0.1424 

0.1496 
0.1574 

0.1660 

0.1756 
0.1862 

0.1975 
0.2104 

0.2247 
0.2408 
0.2588 

0.2792 

0.1474 
0.1536 

0.1598 

0.1674 

0.1750 
0.1831 
0.1924 
0.2018 
0.2127 

0.2245 

0.2371 
0.2512 

0.2670 

0.2837 

0.3027 
0.3236 

0.3475 
0.3744 

0.4036 
0.4387 

0.4776 
0.5222 

0.5741 

0.6362 

0.7100 

0.7995 
0.9058 

1.0393 

1.2041 

1.4171 

1.7011

4.207 
4.271 

4.336 

4.402 

4.471 

4.541 

4.614 

4.689 
4.766 

4.845 

4.927 

5.012 
5.100 

5.191 

5.284 
5.382 

5.483 
5.588 
5.697 
5.811 
5.929 
6.053 

6 .183 

6.318 

6.461 

6.610 

6.768 
6.934 

7.110 

7.296 

7.493 

7.704 
7.928 

8.169 
8.428 
8.707 

8.855 

9.008 

9.168 
9.335 

9.510 

9.694 
9.886 

10.088 
10.300 

10.525 

10.762 

11.013 

11.280 

11.564 
11.867 

12.190 
12.538 

12.912 
13.316 

13.754 

14.232 

14.754 

15.328 

15.965 
16.675 

17.474 

18.380 
19.419 

20.623 

22.040 

23.741

3803392 
3794258 

3784903 
3775276 

3765387 

3755227 

3744747 

3733957 
3722840 
3711384 

3699553 

3687314 
3674671 

3661593 

3648057 
3634002 

3619402 

3604275 
3588511 
3572115 

3555028 

3539537 
3526654 

3523171 

3499002 
3484117 

3468452 

3451930 

3434452 
3415927 

3396271 

3375332 
3352973 
3332670 

3312514 

3290768 
3279287 

3267327 

3254880 

3241845 
3228214 

3213955 

3198972 
3184953 
3172496 
3159350 

3145466 

3130759 
3115127 

3098516 

3080790 
3061840 
3041496 

3019574 

2995940 
2970256 

2942289 

2911712 

2883403 

2856427 

2826324 

2792425 

2754019 

2709951 
2664651 

2617647 

2561222

1.04e+009 
1.05e+009 

1.05e+009 

1.05e+009 

1.06e+009 

1.06e+009 
1.06e+009 

1.06e+009 

1.07e+009 
1.07e+009 

1.07e+009 

1.08e+009 

1.08e+009 
1. 08e+009 

1.09e+009 
1. 09e+009 

1.09e+009 
1.10e+009 

1.10e+009 

1.10e+009 

1.11e+009 

1.1le+009 
1.11e+009 
1. 12e+009 

1. 12e+009 

1. 13e+009 

1. 13e+009 

1. 13e+009 

1. 14e+009 
1. 14e+009 

1. 15e+009 

1. 15e+009 
1. 16e+009 
1.16e+009 
1.17e+009 

1.17e÷009 
1.17e+009 
1.18e+009 

1.18e+009 

1.18e+009 
1.18e+009 

1.19e+009 
1. 19e+009 
1. 19e+009 
1.20e+009 

1.20e+009 
1.20e+009 

1.20e+009 

1.21e+009 

1.21e+009 

1.22e+009 

1.22e+009 
1.22e+009 
1.23e+009 

1. 23e+009 

1.23e+009 
1.24e+009 

1.24e+009 

1.25e+009 

1.25e+009 

1.26e+009 

1.26e+009 

1.27e+009 

1.28e+009 

1. 28e+009 
1.29e+009 

1.30e+009

187.7 
188.1 
188.5 

188.8 
189.2 
189.6 
190.0 
190.4 

190.8 
191.2 
191.6 
192.0 
192.4 

192.8 

193.2 

193.7 

194. 1 

194.5 

195.0 

195.4 

195.9 

196.4 

196.8 

197.3 

197.8 

198.3 

198.8 

199.3 

199.8 

200.4 
200.9 

201.5 
202.0 

202.6 
203.2 

203.9 
204.2 

204.5 

204.8 

205.2 
205.5 

205.9 
206.2 
206.6 
207.0 

207.4 

207.7 
208.1 

208.6 

209.0 
209.4 

209.9 

210.3 
210.8 

211.3 
211.9 

212.4 

213.0 

213.6 

214.2 

214.8 

215.5 

216.3 

217.1 

218.0 

218.9 
220.0
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torus water level = 14.00 ft 

prpv trpv hfrpv hgrpv 
[psig] (OF] [Btu/ibm] [Btu/Ibm] 
1145 562.88 566.16 1186.6 

1135 561.79 564.74 1187.0 
1125 560.70 563.31 1187.4 
1115 559.60 561.87 1187.8 

1105 558.49 560.42 1188.3 
1095 557.37 558.97 1188.7 
1085 556.24 557.51 1189.1 
1075 555.11 556.04 1189.5 
1065 553.97 554.57 1189.9 
1055 552.82 553.09 1190.3 
1045 551.66 551.60 1190.7 
1035 550.50 550.11 1191.1 
1025 549.32 548.60 1191.4 

1015 548.14 547.09 1191.8 
1005 546.95 545.57 1192.2 

995 545.75 544.04 1192.6 
985 544.54 542.51 1192.9 

975 543.32 540.96 1193.3 
965 542.10 539.40 1193.7 
955 540.86 537.85 1194.0 
945 539.61 536.27 1194.4 

935 538.35 534.70 1194.7 
925 537.09 533.11 1195.1 
915 535.81 531.51 1195.4 
905 534.52 529.90 1195.7 
895 533.22 528.28 1196.1 
885 531.91 526.65 1196.4 
875 530.59 525.02 1196.7 
865 529.26 523.37 1197.0 
855 527.92 521.71 1197.3 
845 526.56 520.04 1197.7 
835 525.20 518.35 1198.0 
825 523.82 516.66 1198.3 
815 522.42 514.95 1198.5 
805 521.02 513.24 1198.8 
795 519.60 511.50 1199.1 

785 518.16 509.76 1199.4 
775 516.72 508.00 1199.7 
765 515.26 506.24 1199.9 
755 513.78 504.45 1200.2 
745 512.30 502.65 1200.4 

735 510.80 500.84 1200.7 
725 509.28 499.01 1200.9 
715 507.74 497.17 1201.2 
705 506.19 495.31 1201.4 

695 504.62 493.43 1201.6 
685 503.03 491.54 1201.8 
675 501.43 489.64 1202.1 
665 499.81 487.71 1202.3 
655 498.17 485.77 1202.5 
645 496.52 483.81 1202.7 
635 494.84 481.83 1202.8 

625 493.14 479.83 1203.0 
615 491.43 477.82 1203.2 
605 489.69 475.78 1203.4 

595 487.93 473.72 1203.5 
585 486.15 471.64 1203.7 

575 484.35 469.53 1203.8 
565 482.52 467.40 1203.9 
555 480.66 465.25 1204.1 

545 478.78 463.07 1204.2 
535 476.88 460.87 1204.3 
525 474.95 458.64 1204.4 

515 472.99 456.39 1204.5

vf_rpv 
[ft3/lbm] 

0.C2217 

0.C2213 

0.C2210 

0.C2206 

0.02202 

0.C2199 

0.02195 

0.02192 

0.S2188 

0.02184 

0.02181 

0.C2177 

0.C2173 

0.02170 
0.02166 

0.C2163 

0.C2159 

0.'2155 

0.02152 
0.02148 

0.02145 

0.02141 

0.02137 

0.02134 

0.32130 

0.02127 
0.02123 

0.02119 

0.02116 
0.02112 
0.02109 

0.02105 
0.02101 
0.02098 

0.02094 

0.02090 
0.02087 

0.02083 
0.02080 
0.02076 
0.02072 

0.02069 

0.02065 

0.02061 

0.02058 

0.02054 

0.02050 

0.02047 

0.02043 
0.02039 

0.02036 

0.02032 

0.02028 

0.02024 

0.02021 

0.02017 

0.02013 

0.02009 

0.02005 

0.02002 
0.01998 
0.01994 

0.01990 

0.01986

vgrpv 
[f t3/lbm] 

0.3771 

0.3808 

0.3847 

0.3886 

0.3926 

0.3966 

0.4007 

0.4049 

0.4091 

0.4135 

0. 4179 

0.4224 

0.4269 

0.4316 

0.4363 

0.4412 

0.4461 

0.4511 
0.4562 

0.4615 

0.4668 

0.4722 

0.4778 

0.4834 

0.4892 

0.4951 

0.5011 
0.5072 

0.5135 
0.5199 
0.5265 

0.5332 

0.5401 

0.5471 

0.5543 
0.5617 

0.5692 

0.5769 
0.5848 
0.5929 
0.6012 

0.6097 

0.6185 

0.6275 

0.6367 

0.6461 

0.6559 

0.6658 

0.6761 
0.6867 

0.6976 

0.7088 

0.7203 

0.7322 

0.7445 

0.7571 

0.7701 

0.7836 

0.7975 

0.8119 
0.8268 

0.8422 

0.8582

wsrv mf_rpv 
[Ibm/min.] [Ibm] 

78190 532000 
77515 530124 

76841 528251 
76167 526376 

75493 524498 

74819 522619 
74144 520742 

73470 518860 

72796 516980 
72122 515102 

71447 513216 
70773 511335 

70099 509442 

69425 507556 
68751 505664 

68076 503775 

67402 501877 
66728 499979 

66054 498076 

65379 496171 

64705 494264 
64031 492352 

63357 490444 
62683 488524 
62008 486600 
61334 484671 

60660 482740 

59986 480810 
59311 478871 

58637 476927 

57963 474977 
57289 473019 

56614 471061 

55940 469088 

55266 467123 

54592 465138 

53918 463155 

53243 461159 

52569 459165 
51895 457153 
51221 455136 

50546 453117 

49872 451088 

49198 449042 

48524 446997 

47850 444936 

47175 442865 
46501 440790 

45827 438699 
45153 436600 

44478 434488 
43804 432363 
43130 430225 

42456 428084 

41782 425920 

41107 423745 

40433 421556 
39759 419350 

39085 417131 

38410 414894 
37736 412636 

37062 410365 
36388 408072

0-8747 35714 405760 10866

mgrpv 
[lbm] 
15300 

15309 

15314 

15316 

15315 

15312 

15305 
15295 

15283 

15268 

15250 

15229 

15205 

15179 

15150 

15118 

15083 

15046 

15007 
14965 

14920 

14873 

14823 

14771 

14716 

14659 

14600 

14538 

14474 
14407 

14338 

14267 

14194 

14118 

14040 

13960 

13878 
13793 

13706 
13618 
13527 

13433 

13338 

13241 

13141 

13039 
12936 

12830 

12722 
12613 

12501 
12387 

12271 

12153 

12033 

11911 

11788 

11662 

11534 

11404 

11273 

11139 

11004
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505 

495 

485 

475 

465 

455 

445 

435 
425 

415 

405 

395 

385 

375 
365 

355 
345 

335 
325 

315 

305 
295 

285 

275 
265 

255 
245 

235 
225 

215 

205 

200 
195 

190 

185 

180 
175 
170 

165 

160 
155 

150 
145 
140 
135 
130 

125 

120 
115 
110 
105 

100 

95 
90 

85 

80 

75 

70 
65 
60 
55 

50

471.01 

468.99 

466.95 

464.87 

462.76 

460.61 

458.43 

456.21 

453.96 

451.67 

449.33 

446.95 

444.53 

442.06 

439.53 
436.96 

434.33 

431.65 
428.91 

426.10 

423.22 
420.27 

417.26 

414.16 
410.97 

407.70 
404.33 

400.87 
397.28 

393.59 

389.76 

387.79 
385.79 

383.76 
381.67 

379.56 
377.40 
375.19 

372.94 

370.64 
368.28 

365.87 
363.40 
360.87 
358.27 
355.61 

352.87 

350.06 
347.15 
344.17 

341.08 

337.89 

334.59 
331.16 

327.60 

323.90 

320.04 

316.01 

311.78 
307.33 

302.64 

297.67

454.11 

451.80 

449.45 

447.08 

444.68 

442.24 

439.76 

437.25 

434.69 

432.11 

429.48 

426.80 

424.09 

421.32 
418.51 

415.64 

412.72 

409.74 
406.71 

403.60 

400.43 
397.20 

393.89 

390.50 
387.01 

383.45 
379.79 

376.03 
372.15 

368.16 
364.04 

361 .93 
359.78 

357.60 

355.38 

353.10 
350.80 
348.44 

346.04 
343.59 
341.09 

338.52 

335.91 
333.23 
330.48 
327.67 

324.78 

321.82 
318.76 
315.63 

312.39 

309.05 

305.59 

302.02 

298.31 

294.46 

290.44 

286.26 
281.88 

277.28 
272.44 

267.31

1204.5 

1204.6 

1204.7 

1204.7 

1204.8 

1204.8 
1204.8 

1204.8 

1204.8 

1204.8 

1204.7 

1204.7 

1204.6 

1204.5 

1204.4 
1204.3 

1204.1 
1204.0 
1203.8 

1203.6 

1203.4 
1203.1 

1202.9 

1202.6 

1202.3 
1201.9 

1201.5 

1201.1 
1200.6 
1200.1 

1199.6 

1199.3 
1199.0 

1198.6 

1198.3 

1198.0 
1197.6 
1197.2 

1196.8 

1196.4 
1196.0 

1195.5 

1195.1 
1194.6 
1194.0 
1193.5 

1192.9 

1192.3 
1191.7 
1191.0 

1190.3 

1189.6 

1188.8 

1188.0 

1187.1 

1186.2 

1185.2 

1184.1 
1183.0 
1181.8 

1180.5 

1179.1

prpv erpv 
[psig] [Btu] 
1145 4.79e+008 
1135 4.77e+008 
1125 4.75e+008

dmg_srv mfsp dt 
[lbm] [ibm] [min.] 

0.0 6657738 0.0000 

1867.9 6659606 0.0241 

1867.4 6661473 0.0243

t qdh 
[min. I [Btu/min. ]
2.000 
2.024 

2.048

esp tsp 
[Btu] [OF]

4381320 9.13e+008 

4374717 9.15e+008 
4368058 9.17e+008

169.1 
169.4 
169.7

0.01982 

0.01978 

0.01974 

0.01970 

0.01966 

0.01962 

0.01958 

0.01954 

0.01950 
0.01946 

0.01942 

0.01938 
0.01934 

0.01929 

0.01925 
0.01921 

0.01916 

0.01912 
0.01908 

0.01903 

0.01899 

0.01894 

0.01889 

0.01885 

0.01880 
0.01875 

0.01870 

0.01865 
0.01860 
0.01855 

0.01849 

0.01847 
0.01844 

0.01841 

0.01839 

0.01836 
0.01833 
0.01830 

0.01827 

0.01824 
0.01821 

0.01818 

0.01815 
0.01812 
0.01809 
0.01806 

0.01802 

0.01799 
0.01796 
0.01792 

0.01789 

0.01785 

0.01781 
0.01778 

0.01774 

0.01770 

0.01766 

0.01761 

0.01757 
0.01753 

0.01748 
0.01743

0.8919 

0.9097 

0.9282 

0.9474 

0.9674 

0.9882 
1.0099 

1.0325 

1.0561 
1.0807 

1.1065 

1.1335 
1.1618 

1.1915 

1.2227 
1.2556 

1.2902 

1.3267 

1.3652 
1.4061 

1.4493 

1.4953 

1.5443 

1.5964 

1.6522 
1.7120 
1.7762 

1.8453 

1.9200 
2.0010 

2.0891 

2.1360 

2.1852 
2.2367 

2.2906 

2.3472 
2.4067 

2.4693 

2.5353 
2.6048 
2.6784 

2.7562 

2.8387 
2.9264 

3.0197 
3.1192 

3.2256 
3.3396 

3.4620 
3.5940 

3.7365 

3.8910 

4.0590 
4.2425 

4.4437 

4.6654 

4.9109 

5.1843 

5.4907 
5.8367 

6.2304 

6.6827

35039 
34365 

33691 

33017 
32342 

31668 

30994 
30320 

29646 

28971 
28297 

27623 

26949 

26274 

25600 

24926 
24252 

23578 

22903 
22229 

21555 

20881 
20206 

19532 

18858 
18184 
17510 

16835 

16161 
15487 

14813 

14476 
14138 

13801 

13464 
13127 

12790 
12453 

12116 

11779 
11442 
11104 

10767 
10430 

10093 
9756 

9419 

9082 

8745 
8408 
8070 

7733 

7396 

7059 

6722 

6385 

6048 

5711 

5374 
5036 

4699 
4362

403432 
401076 

398698 

396298 
393876 

391427 

388948 
386443 

383910 

381347 
378748 

376113 

373449 
370742 

367998 

365214 
362377 

359498 

356570 
353581 

350536 

347431 

344259 

341014 

337691 

334290 
330798 

327210 

323515 
319707 
315773 

313741 

311672 
309569 

307420 

305227 

302990 
300701 

298363 
295964 

293504 
290979 

288385 
285711 

282959 
280117 

277182 

274140 
270981 
267703 
264279 

260703 

256959 

253026 

248870 

244459 

239747 

234698 

229238 
223300 

216769 

209478

10727 
10585 

10442 

10297 
10150 

10001 

9850 
9697 

9542 

9385 
9226 

9065 

8902 
8738 

8571 

8402 
8231 

8058 

7883 
7706 

7527 

7346 
7162 

6977 

6789 

6598 
6406 

6211 

6014 
5814 
5612 

5510 
5408 

5304 
5200 

5096 

4990 
4884 

4778 

4670 
4562 

4453 
4343 
4233 

4122 
4009 

3896 

3783 
3668 
3552 
3436 

3318 

3200 

3080 

2959 

2837 

2715 

2591 

2465 
2339 

2211 

2082
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1115 
1105 

1095 

1085 

1075 

1065 

1055 
1045 
1035 
1025 
1015 
1005 

995 
985 

975 
965 
955 

945 
935 
925 
915 
905 
895 
885 
875 
865 
855 

845 

835 

825 
815 

805 
795 
785 
775 
765 
755 

745 
735 

725 

715 
705 
695 
685 

675 
665 
655 

645 
635 

625 

615 
605 

595 
585 
575 
565 
555 

545 
535 

525 

515 
505 

495 
485 

475 

465 

455 

445

4.73e+008 
4. 71e+008 

4 .69e+008 

4. 66e+008 

4.64e+008 
4.62e+008 

4. 60e+008 

4.58e+008 

4.56e+008 

4.54e+008 

4. 51e+008 

4.49e+008 

4.47e+008 

4.45e+008 
4.43e+008 

4. 40e+008 

4 .38e+008 
4 36e+008 

4 34e+008 
4 .32e+008 

4. 29e+008 

4. 27e+008 

4 .25e+008 
4. 23e+008 

4. 20e+008 
4. 18e+008 

4.16e+008 
4.14e+008 

4.11e+008 

4.09e+008 
4.07e+008 

4.04e+008 
4. 02e+008 

4.00e+008 

3. 98e+008 
3.95e+008 

3. 93e+008 

3.90e+008 

3. 88e+008 
3. 86e+008 

3.83e+008 

3.81e+008 
3.78e+008 
3 .76e+008 
3.74e+008 
3.71e+008 

3.69e+008 
3.66e+008 

3. 64e+008 

3. 61e+008 

3. 59e+008 

3. 56e+008 
3. 54e+008 

3 51e+008 

3 .48e+008 
3 .46e÷008 

3 .43e+008 
3 .41e+008 

3 .38e+008 

3. 35e+008 

3. 33e+008 

3.30e+008 

3. 27e+008 

3. 24e+008 

3. 22e+008 

3. 19e+008 

3. 16e+008 

3. 13e+008

1872.9 

1878.3 

1882.5 
1884.3 

1891.2 

1892.1 
1893.8 

1904.5 

1902.0 

1915.9 

1913.2 
1920.4 

1921.6 

1931.8 

1935.5 
1942.2 

1946.6 

1951.7 
1959.8 

1957.6 

1972.5 
1978.8 

1985.1 

1991.3 
1991.7 
2003.5 

2010.5 

2018.1 
2029.6 

2030.8 

2048.4 

2044.1 
2064.3 

2065.8 

2080.1 

2081.6 
2100.0 

2108.0 

2112.9 

2124.3 
2143.1 

2144.9 

2162.5 
2174.3 
2180.6 
2198.6 

2209.2 
2223.2 

2239.1 

2253.9 

2259.6 

2282.9 
2297.2 

2312.6 

2332.1 
2346.4 
2366.6 

2390.1 

2404.2 

2428.9 

2448.9 

2468.4 

2497.3 

2520.7 
2545.1 

2569.0 

2597.9 
2630.4

6663346 
6665224 

6667107 

6668991 

6670882 

6672774 
6674668 

6676572 

6678474 
6680390 

6682303 
6684224 

6686145 

6688077 

6690013 
6691955 

6693902 
6695853 

6697813 

6699771 

6701743 
6703722 
6705707 

6707698 

6709690 
6711694 

6713704 

6715722 

6717752 
6719783 

6721831 

6723875 
6725939 
6728005 

6730085 
6732167 

6734267 
6736375 

6738488 

6740612 
6742755 

6744900 
6747063 

6749237 
6751418 
6753616 
6755825 

6758049 

6760288 
6762542 

6764801 

6767084 
6769381 

6771694 

6774026 

6776372 
6778739 
6781129 

6783533 

6785962 

6788411 

6790879 
6793377 

6795897 

6798443 
6801012 

6803609 

6806240

0.0246 
0.0249 

0.0252 

0.0254 
0.0257 

0.0260 

0.0263 

0.0267 

0.0269 

0.0273 

0.0276 

0.0279 

0.0282 
0.0287 

0.0290 

0.0294 
0.0298 

0.0302 

0. 0306 
0.0309 

0. 0315 

0. 0319 
0.0324 
0.0328 

0.0332 

0.0338 
0.0343 

0.0348 

0.0354 

0.0359 
0.0366 

0.0370 

0.0378 
0.0383 
0.0391 

0.0396 
0.0405 

0.0412 
0.0418 

0.0426 

0.0436 
0.0442 

0.0452 
0.0461 

0.0469 
0.0480 
0.0489 
0.0500 

0.0511 

0.0523 

0.0532 

0.0546 

0.0559 
0.0572 

0.0587 
0.0600 

0.0616 
0.0633 

0.0649 

0.0668 

0.0686 

0.0704 

0.0727 

0.0748 

0.0771 

0.0794 

0.0820 

0.0849

2.073 
2.098 
2.123 

2.148 

2.174 
2.200 

2.226 

2.253 
2.280 

2.307 

2.335 
2.363 

2.391 

2.420 
2.449 

2.478 

2.508 

2.538 

2.569 

2.600 

2.631 

2.663 

2.695 
2.728 

2.761 
2.795 

2.829 
2.864 

2.900 

2.935 

2.972 

3.009 
3.047 

3.085 
3.124 
3.164 

3.204 

3.246 
3.287 

3.330 

3.373 

3.418 
3.463 
3.509 
3.556 
3.604 

3.653 
3.703 

3.754 

3.806 

3.859 

3.914 

3.970 

4.027 
4.086 

4.146 

4.207 
4.271 
4.336 

4.402 

4.471 

4.541 

4.614 
4.689 

4.766 

4.845 

4.927 
5.012

4361320 
4354502 

4347608 
4340644 

4333591 

4326469 
4319274 

4311970 

4304606 

4297117 

4289566 
4281912 

4274178 

4266324 
4258376 

4250319 

4242161 

4233896 

4225509 

4217043 

4208420 

4199676 

4190807 
4181812 

4172714 
4163458 

4154063 

4144523 
4134815 

4124986 

4114952 
4104817 

4094456 

4083957 
4073252 
4062402 

4051314 

4040037 

4028582 
4016911 

4004975 

3992863 
3980479 
3967850 
3955000 
3941854 

3928448 
3914751 
3900745 

3886426 

3871842 
3856870 

3841557 

3829395 
3820936 

3812278 
3803392 

3794258 
3784903 

3775276 

3765387 
3755227 

3744747 
3733957 
3722840 

3711384 

3699553 

3687314

9.20e÷008 
9. 22e÷008 

9.24e÷008 

9. 26e+008 

9.29e÷008 

9.3'e+008 

9.33e+008 

9.35e+008 

9. 3e*008 

9.40e+008 

9 .42e+008 

9.45e+008 
9 .47e+008 

9.49e+008 

9. 51e÷008 
9. 54e+008 

9. 56e+008 

9. 58e+008 
9. 61e.008 

9.63e+008 

9.65e+008 
9.68e+008 

9.70e+008 

9.73e+008 

9.75e+008 
9. 77e+008 

9. 80e+008 
9. 82e+008 

9.85e+008 

9.87e+008 

9. 89e+008 

9.92e+008 
9. 94e÷008 

9. 97e+008 

9. 99e+008 

1.00e÷009 
1.00e+009 

1.01e+009 

1.01e+009 
1.01e*009 

1.01e+009 

1.02e+009 

1.02e+009 
1.02e-009 
1.03e+009 
1.03e+009 
1.03e+009 

1.03e÷009 
1.04e+009 

1.04e+009 

1.04e÷009 
1.04e+009 

1.05e+009 
1.05e+009 

1.05e+009 
1.06e÷009 

1.06e÷009 

1. 06e+009 

1. 06e+009 

1. 07e+009 

1.07e+009 
1.07e+009 

1.08e+009 

1.08e+009 
1.08e+009 

1.08e+009 

1.09e+009 

1.09e+009

170.0 
170.3 

170.6 

170.9 

171.2 

171.5 

171.8 
172.1 

172.4 

172.7 

173.0 

173.3 

173 .6 

173.9 

174 .2 

174.5 

174.8 

175 .1 

175.4 

175.8 

176.1 

176.4 

176 .7 

177.0 

177.3 

177.6 

177.9 

178.3 

178.6 

178.9 

179.2 

179.5 

179.8 

180.2 

180.5 

180.8 

181.2 

181.5 

181.8 

182.1 

182.5 

182.8 

183.1 

183.5 

183.8 

184.2 

184.5 

184.9 

185.2 

185.6 

185.9 

186.3 

186.6 

187.0 

187.3 
187.7 
188.1 

188.4 

188.8 
189.2 

189.6 

189.9 

190.3 

190.7 

191.1 
191.5 

191.9 

192.3
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435 3.10e+008 2658.0 6808898 0.0877 5.100 3674671 1.09e+0D9 192.7 

425 3.07e+008 2688.3 6811586 0.0907 5.191 3661593 1.10e.G09 193.1 

415 3.04e+008 2719.4 6814306 0.0939 5.284 3648057 1.10e+C39 193.5 

405 3.01e+008 2757.7 6817063 0.0975 5.382 3634002 1.10e+0Z9 194.0 

395 2.98e+008 2796.4 6819860 0.1012 5.483 3619402 1.lle+C09 194.4 

385 2.95e+008 2826.6 6822686 0.1049 5.588 3604275 1.11e+0:9 194.8 

375 2.92e+008 2872.0 6825558 0.1093 5.697 3588511 1.11e+059 195.3 

365 2.89e+008 2910.5 6828469 0.1137 5.811 3572115 1.12e+C09 195.7 

355 2.86e+008 2953.3 6831422 0.1185 5.929 3555028 1.12e+0:9 196.1 

345 2.83e+008 3007.0 6834429 0.1240 6.053 3539537 1.12e+0^9 196.6 

335 2.80e+008 3052.4 6837482 0.1295 6.183 3526654 1.13e+C:9 197.1 

325 2.76e+008 3103.3 6840585 0.1355 6.318 3513171 1.13e+09 197.5 

315 2.73e+008 3165.3 6843750 0.1424 6.461 3499002 1.14e+C39 198.0 

305 2.70e+008 3224.1 6846974 0.1496 6.610 3484117 1.14e+CB9 198.5 

295 2.66e+008 3287.2 6850261 0.1574 6.768 3468452 1.14e+SZ9 199.0 

285 2.63e+008 3354.9 6853616 0.1660 6.934 3451930 1.15e+0:9 199.5 

275 2.59e+008 3430.8 6857047 0.1756 7.110 3434452 1.15e+C09 200.0 

265 2.56e+008 3510.5 6860558 0.1862 7.296 3415927 1.16e+0C9 200.6 

255 2.52e+008 3591.9 6864150 0.1975 7.493 3396271 1.16e÷*0T9 201.1 

245 2.48e+008 3684.3 6867834 0.2104 7.704 3375332 1.17e+Z9 201.7 

235 2.44e+008 3782.7 6871617 0.2247 7.928 3352973 1.17e+09 202.2 

225 2.40e+008 3891.5 6875508 0.2408 8.169 3332670 1.17e+009 202.8 

215 2.36e+008 4008.3 6879516 0.2588 8.428 3312514 1.18e+009 203.4 

205 2.32e+008 4136.1 6883653 0.2792 8.707 3290768 1.18e+3.9 204.0 

200 2.30e+008 2134.1 6885787 0.1474 8.855 3279287 1.19e+029 204.3 

195 2.28e+008 2171.4 6887958 0.1536 9.008 3267327 1.19e+009 204.7 

190 2.26e+008 2205.8 6890164 0.1598 9.168 3254880 1.19e+009 205.0 

185 2.24e+008 2253.6 6892417 0.1674 9.335 3241845 1.19e+009 205.3 

180 2.22e+008 2297.7 6894715 0.1750 9.510 3228214 1.20e+009 205.7 

175 2.19e+008 2341.9 6897057 0.1831 9.694 3213955 1.20e÷039 206.0 

170 2.17e+008 2395.7 6899453 0.1924 9.886 3198972 1.20e+009 206.4 

165 2.15e+008 2444.7 6901897 0.2018 10.088 3184953 1.21e+009 206.7 

160 2.12e+008 2505.8 6904403 0.2127 10.300 3172496 1.21e+009 207.1 

155 2.10e+008 2568.8 6906972 0.2245 10.525 3159350 1.21e+009 207.5 

150 2.08e+008 2633.2 6909605 0.2371 10.762 3145466 1.22e+009 207.9 

145 2.05e+008 2704.5 6912310 0.2512 11.013 3130759 1.22e+009 208.3 

140 2.03e+008 2784.6 6915094 0.2670 11.280 3115127 1.22e+029 208.7 

135 2.00e+008 2863.4 6917958 0.2837 11.564 3098516 1.23e+039 209.1 

130 1.98e+008 2953.5 6920911 0.3027 11.867 3080790 1.23e+009 209.5 

125 1.95e+008 3048.4 6923959 0.3236 12.190 3061840 1.23e+009 210.0 

120 1.92e+008 3155.5 6927115 0.3475 12.538 3041496 1.24e+039 210.4 

115 1.89e+008 3274.0 6930389 0.3744 12.912 3019574 1.24e+0:9 210.9 

110 1.86e+008 3393.6 6933783 0.4036 13.316 2995940 1.24e÷029 211.4 

105 1.83e+008 3540.2 6937323 0.4387 13.754 2970256 1.25e+009 211.9 

100 1.80e+008 3693.7 6941016 0.4776 14.232 2942289 1.25e÷009 212.5 

95 1.77e+008 3862.4 6944879 0.5222 14.754 2911712 1.26e+009 213.0 

90 1.74e+008 4052.4 6948931 0.5741 15.328 2883403 1.26e+009 213.6 

85 1.71e+008 4276.6 6953208 0.6362 15.965 2856427 1.27e+009 214.2 

80 1.67e+008 4533.1 6957741 0.7100 16.675 2826324 1.27e+009 214.9 

75 1.64e+008 4835.3 6962576 0.7995 17.474 2792425 1.28e+009 215.6 

70 1.60e+008 5172.7 6967749 0.9058 18.380 2754019 1.28e+0C9 216.3 

65 1.56e+008 5585.0 6973334 1.0393 19.419 2709951 1.29e÷039 217.1 

60 1.52e+008 6064.3 6979398 1.2041 20.623 2664651 1.30e+009 218.0 

55 1.48e+008 6659.2 6986058 1.4171 22.040 2617647 1.31e+009 218.9 

50 1.43e+008 7420.5 6993478 1.7011 23.741 2561222 1.31e+0C9 220.0 

torus water level = 15.00 ft 

prpv trpv hf_rpv hgrpv vfrpv vg-rpv wsrv mf_rpv mg_rpv 

[psig] [OF] [Btu/Ibm] [Btu/lbm] (ft3/lbmJ (ft3/lbm] (ibm/min.] [Ibm] (Ibm] 

1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 15300 

1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 15309 

1125 560.70 563.31 1187.4 0.02210 0.3847 76841 528251 15314 

1115 559.60 561.87 1187.8 0.02206 0.3886 76167 526376 15316 

1105 558.49 560.42 1188.3 0.02202 0.3926 75493 524498 15315 

1095 557.37 558.97 1188.7 0.02199 0.3966 74819 522619 15312 

1085 556.24 557.51 1189.1 0.02195 0.4007 74144 520742 15305 

1075 555.11 556.04 1189.5 0.02192 0.4049 73470 518860 15295
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1065 

1055 
1045 

1035 

1025 

1015 
1005 

995 
985 

975 

965 

955 

945 

935 

925 
915 

905 

895 
885 

875 

865 
855 

845 

835 
825 

815 

805 

795 
785 

775 

765 
755 
745 
735 
725 

715 

705 
695 

685 

675 
665 

655 
645 
635 
625 
615 

605 

595 

585 

575 
565 

555 
545 
535 
525 

515 
505 

495 

485 

475 

465 

455 

445 

435 

425 
415 

405 

395

553.97 
552.82 

551.66 

550.50 
549.32 

548.14 

546.95 
545.75 

544.54 

543.32 
542.10 

540.86 
539.61 

538.35 

537.09 

535.81 

534.52 

533.22 

531.91 
530.59 

529.26 

527.92 
526.56 

525.20 

523.82 

522.42 
521.02 

519.60 

518.16 
516.72 

515.26 
513 .78 
512.30 
510.80 

509.28 

507.74 

506.19 
504.62 

503.03 

501.43 
499.81 

498.17 
496.52 
494.84 
493.14 

491.43 

489.69 
487.93 

486.15 

484.35 
482.52 

480.66 

478.78 
476.88 
474.95 

472.99 

471.01 
468.99 

466.95 

464.87 

462.76 

460.61 
458.43 

456.21 
453.96 

451.67 

449.33 

446.95

554.57 
553.09 
551.60 

550.11 
548.60 
547.09 

545.57 

544 .04 

542.51 

540.96 
539.40 

537.85 

536.27 

534.70 

533.11 

531.51 

529.90 

528.28 

526.65 
525.02 

523.37 

521.71 

520.04 
518.35 

516.66 

514.95 
513.24 

511.50 

509.76 

508.00 
506.24 

504.45 

502.65 
500.84 
499.01 
497.17 

495.31 
493.43 
491.54 

489.64 

487.71 
485.77 
483.81 
481.83 
479.83 

477.82 

475.78 
473.72 

471.64 

469.53 
467.40 

465.25 

463.07 

460.87 
458.64 

456.39 
454.11 

451.80 
449.45 

447.08 

444.68 

442.24 

439.76 

437.25 
434.69 

432.11 

429.48 

426.80

1189.9 
1190.3 
1190.7 

1191.1 
1191.4 
1191.8 

1192.2 

1192.6 
1192.9 

1193.3 

1193.7 
1194.0 

1194.4 

1194.7 

1195.1 

1195.4 

1195.7 

1196.1 

1196.4 

1196.7 
1197.0 

1197.3 

1197.7 
1198.0 
1198.3 

1198.5 

1198.8 
1199.1 

1199.4 

1199.7 
1199.9 

1200.2 
1200.4 

1200.7 
1200.9 
1201.2 

1201.4 
1201.6 

1201.8 

1202.1 
1202.3 

1202.5 
1202.7 
1202.8 
1203.0 
1203.2 

1203.4 

1203.5 

1203.7 

1203.8 

1203.9 
1204.1 

1204.2 

1204.3 
1204.4 

1204.5 
1204.5 

1204.6 
1204.7 

1204.7 

1204.8 

1204.8 

1204.8 

1204.8 
1204.8 

1204.8 

1204.7 

1204.7

0.02188 
0.02184 

0.02181 
0.02177 

0.02173 

0.02170 

0.02166 

0.02163 

0.02159 

0.02155 

0.02152 
0.02148 

0.02145 

0.02141 

0.02137 
0.02134 

0.02130 

0.02127 

0.02123 

0.02119 

0.02116 
0.02112 

0.02109 

0.02105 

0.02101 
0.02098 

0.02094 

0.02090 
0.02087 

0.02083 

0.02080 
0.02076 
0.02072 

0.02069 
0.02065 

0.02061 
0.02058 

0.02054 

0.02050 
0.02047 

0.02043 

0.02039 

0.02036 
0.02032 
0.02028 
0.02024 

0.02021 

0.02017 
0.02013 

0.02009 

0.02005 
0.02002 

0.01998 
0.01994 

0.01990 

0.01986 
0.01982 

0.01978 
0.01974 

0.01970 

0.01966 

0.01962 

0.01958 
0.01954 
0.01950 

0.01946 

0.01942 

0.01938

0.4091 
0.4135 

0.4179 

0.4224 
0.4269 

0. 4316 

0. 4363 

0.4412 

0.4461 
0.4511 

0.4562 

0.4615 

0.4668 
0.4722 

0.4778 
0.4834 

0.4892 
0.4951 

0.5011 
0.5072 

0.5135 

0.5199 
0.5265 

0.5332 

0.5401 

0.5471 
0.5543 

0.5617 

0.5692 
0.5769 

0.5848 

0.5929 
0.6012 
0.6097 
0.6185 

0.6275 

0.6367 
0.6461 

0.6559 

0.6658 
0.6761 

0.6867 
0.6976 

0.7088 
0.7203 
0.7322 
0.7445 

0.7571 

0.7701 

0.7836 

0.7975 

0.8119 
0.8268 

0.8422 

0.8582 

0.8747 
0.8919 

0.9097 

0.9282 

0.9474 

0.9674 

0.9882 

1.0099 

1.0325 

1.0561 
1.0807 

1.1065 

1.1335

72796 
72122 

71447 

70773 
70099 

69425 

68751 

68076 

67402 

66728 
66054 

65379 

64705 
64031 

63357 

62683 

62008 

61334 

60660 
59986 

59311 

58637 

57963 
57289 

56614 

55940 
55266 
54592 

53918 

53243 
52569 

51895 

51221 
50546 
49872 

49198 

48524 
47850 

47175 

46501 

45827 
45153 
44478 
43804 
43130 

42456 
41782 

41107 

40433 

39759 

39085 

38410 

37736 
37062 
36388 

35714 
35039 

34365 

33691 

33017 

32342 

31668 

30994 

30320 

29646 
28971 

28297 

27623

516980 
515102 
513216 

511335 

509442 
507556 

505664 

503775 

501877 

499979 
498076 

496171 
494264 

492352 

490444 

488524 

486600 
484671 

482740 

480810 

478871 
476927 

474977 
473019 
471061 

469088 

467123 
465138 

463155 

461159 
459165 

457153 
455136 

453117 
451088 
449042 

446997 

444936 
442865 

440790 

438699 
436600 
434488 
432363 
430225 

428084 
425920 
423745 

421556 

419350 

417131 

414894 

412636 
410365 

408072 

405760 
403432 
401076 

398698 

396298 
393876 

391427 

388948 

386443 

383910 

381347 

378748 
376113

15283 
15268 

15250 

15229 

15205 

15179 

15150 

15118 

15083 

15046 

15007 
14965 

14920 

14873 

14823 

14771 

14716 

14659 

14600 

14538 

14474 
14407 

14338 

14267 
14194 

14118 

14040 

13960 

13878 

13793 

13706 
13618 
13527 

13433 

13338 
13241 

13141 

13039 
12936 

12830 

12722 

12613 
12501 
12387 
12271 

12153 

12033 
11911 

11788 

11662 
11534 

11404 

11273 

11139 
11004 

10866 

10727 
10585 

10442 

10297 
10150 

10001 

9850 
9697 

9542 

9385 
9226 
9065
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385 444.53 4; 

375 442.06 4: 

365 439.53 4: 

355 436.96 4 

345 434.33 4 

335 431.65 4 

325 428.91 4 

315 426.10 4 

305 423.22 4 

295 420.27 3 

285 417.26 3 

275 414.16 3 

265 410.97 3 

255 407.70 3 

245 404.33 3 

235 400.87 3 

225 397.28 3 

215 393.59 3 

205 389.76 3 

200 387.79 3 

195 385.79 3 

190 383.76 3 

185 381.67 3 

180 379.56 3 

175 377.40 3 

170 375.19 3 

165 372.94 3 

160 370.64 3 

155 368.28 3 

150 365.87 3 

145 363.40 3 

140 360.87 3 

135 358.27 3 

130 355.61 3 

125 352.87 3 

120 350.06 3 

115 347.15 3 

110 344.17 3 

105 341.08 3 

100 337.89 3 

95 334.59 3 

90 331.16 3 

85 327.60 2 

80 323.90 2 

75 320.04 2 

70 316.01 2 

65 311.78 2 

60 307.33 2 

55 302.64 2 

50 297.67 2 

prpv erpv 

(psig] [Btu] 
1145 4.79e+008 

1135 4.77e+008 

1125 4.75e+008 

1115 4.73e+008 

1105 4.71e+008 

1095 4.69e+008 

1085 4.66e+008 

1075 4.64e+008 

1065 4.62e+008 

1055 4.60e+008 

1045 4.58e+008 

1035 4.56e+008 

1025 4.54e+008 

1015 4.51e+008 
1005 4.49e+008

24.09 1: 
21.32 1: 

18.51 1: 

15.64 ' : 

12.72 1: 

09.74 1: 

06.71 1: 
03.60 1 

00.43 1 

97.20 1 
93.89 1 

90.50 1 

87.01 1 

83.45 1 

79.79 1 

76.03 1 

72.15 1 

68.16 1 

64.04 1 

61.93 1 

59.78 1 

57.60 1 

55.38 1 

53.10 1 

50.80 1 

48.44 1 

46.04 1 

43.59 1 

41.09 1 

38.52 1 

35.91 1 

33.23 1 

30.48 1 

27.67 1 

24.78 1 

21.82 1 

18.76 1 

15.63 1 

12.39 1 

09.05 1 

05.59 1 

02.02 1 

98.31 1 

94.46 1 

90.44 1 

86.26 1 
:81.88 1 

:77.28 1 

:72.44 1 

:67.31 1 

dmgsrv 

[ibm] 

0.0 

1867.9 

1867.4 

1872.9 

1878.3 
1882.5 

1884.3 
1891.2 

1892.1 

1893.8 
1904.5 

1902.0 

1915.9 

1913.2 

1920.4

204.6 0.01934 
204.5 0.01929 

204.4 0.01925 

204.3 0.01921 

204.1 0.01916 

204.0 0.01912 

203.8 0.01908 

203.6 0.01903 

203.4 0.01899 

203.1 0.01894 

202.9 0.01889 

202.6 0.01885 

202.3 0.01880 

201.9 0.01875 

201.5 0.01870 

201.1 0.01865 

200.6 0.01860 

200.1 0.01855 

199.6 0.01849 

199.3 0.01847 

199.0 0.01844 

198.6 0.01841 

198.3 0.01839 

198.0 0.01836 

197.6 0.01833 

197.2 0.01830 
196.8 0.01827 

196.4 0.01824 

196.0 0.01821 

195.5 0.01818 

195.1 0.01815 

194.6 0.01812 

194.0 0.01809 

193.5 0.01806 

192.9 0.01802 

192.3 0.01799 

191.7 0.01796 

191.0 0.01792 

190.3 0.01789 

189.6 0.01785 

188.8 0.01781 

188.0 0.01778 

187.1 0.01774 

186.2 0.01770 

185.2 0.01766 

.184.1 0.01761 

.183.0 0.01757 

.181.8 0.01753 

.180.5 0.01748 

.179.1 0.01743 

mfsp dt 

[Ibm] [min.] 

7248848 0.0000 

7250716 0.0241 

7252583 0.0243 

7254456 0.0246 

7256334 0.0249 

7258217 0.0252 

7260101 0.0254 

7261992 0.0257 

7263884 0.0260 

7265778 0.0263 

7267683 0.0267 

7269585 0.0269 

7271500 0.0273 

7273414 0.0276 

7275334 0.0279

1.1618 26949 
1.1915 26274 

1.2227 25600 

1.2556 24926 

1.2902 24252 

1.3267 23578 

1.3652 22903 

1.4061 22229 

1.4493 21555 

1.4953 20881 

1.5443 20206 

1.5964 19532 

1.6522 18858 

1.7120 18184 

1.7762 17510 

1.8453 16835 

1.9200 16161 

2.0010 15487 

2.0891 14813 

2.1360 14476 

2.1852 14138 

2.2367 13801 

2.2906 13464 

2.3472 13127 

2.4067 12790 

2.4693 12453 

2.5353 12116 

2.6048 11779 

2.6784 11442 

2.7562 11104 

2.8387 10767 

2.9264 1043C 

3.0197 10093 

3.1192 9756 

3.2256 9419 

3.3396 9082 

3.4620 8745 

3.5940 840E 

3.7365 807C 

3.8910 7733 

4.0590 739E 

4.2425 705S 

4.4437 6722 

4.6654 638! 

4.9109 604E 

5.1843 5711 

5.4907 5374 
5.8367 503( 

6.2304 4695 

6.6827 436; 

t qdh 

[min.] (Btu/min.) 

2.000 4381320 

2.024 4374717 

2.048 4368058 

2.073 4361320 

2.098 4354502 
2.123 4347608 

2.148 4340644 

2.174 4333591 

2.200 4326469 

2.226 4319274 

2.253 4311970 

2.280 4304606 

2.307 4297117 

2.335 4289566 

2.363 4281912

373449 
370742 

367998 

365214 
362377 

359498 

356570 
353581 

350536 

347431 
344259 

341014 

337691 
334290 

330798 

327210 
323515 

319707 

315773 

313741 
311672 

309569 
S307420 

305227 

p 302990 

300701 
298363 

295964 

293504 
290979 
288385 

285711 

282959 

280117 
277182 

274140 

270981 
267703 

S264279 
260703 

256959 
253026 

248870 
5 244459 

8 239747 

234698 
229238 
223300 

9 216769 

209478 

esp 
[Btu] 

1. 02e+009 

1. 03e+009 

1.03e+009 
1.03e+009 

1. 03e+009 

1. 04e+009 
1. 04e+009 

1.04e+009 
1. 04e+009 

1. 04e+009 

1.05e÷009 

1.OSe+009 

1.05e+009 

1.05e÷009 

1. 06e+009

8902 
8738 

8571 

8402 
8231 

8058 

7883 
7706 

7527 

7346 

7162 

6977 

6789 

6598 

6406 

6211 

6014 
5814 

5612 

5510 

5408 

5304 

5200 
5096 

4990 

4884 
4778 
4670 

4562 

4453 
4343 

4233 
4122 

4009 

3896 

3783 
3668 

3552 
3436 
3318 

3200 

3080 
2959 
2837 

2715 

2591 
2465 

2339 

2211 
2082 

tsp 
[°F] 

173.3 

173.6 

173.8 
174.1 

174.4 

174.6 

174.9 
175.2 

175.5 

175.7 

176.0 

176.3 

176.5 

176.8 
177.1



JAF-CALC-MISC-03116, RO, Att. 30 p. 35

995 4.47e+008 1921.6 7277256 0.0282 2.391 4274178 1.06e+009 177.4 

985 4.45e+008 1931.8 7279187 0.0287 2.420 4266324 1.06e+009 177.7 

975 4.43e+008 1935.5 7281123 0.0290 2.449 4258376 1.06e+009 177.9 

965 4.40e+008 1942.2 7283065 0.0294 2.478 4250319 1.06e+009 178.2 

955 4.38e+008 1946.6 7285012 0.0298 2.508 4242161 1.07e÷009 178.5 

945 4.36e+008 1951.7 7286963 0.0302 2.538 4233896 1.07e÷009 178.8 

935 4.34e+008 1959.8 7288923 0.0306 2.569 4225509 1.07e+009 179.1 

925 4.32e+008 1957.6 7290881 0.0309 2.600 4217043 1.07e÷009 179.3 

915 4.29e+008 1972.5 7292853 0.0315 2.631 4208420 1.08e+009 179.6 

905 4.27e+008 1978.8 7294832 0.0319 2.663 4199676 1.08e+009 179.9 

895 4.25e+008 1985.1 7296817 0.0324 2.695 4190807 1.08e+009 180.2 

885 4.23e+008 1991.3 7298808 0.0328 2.728 4181812 1.08e+009 180.5 

875 4.20e+008 1991.7 7300800 0.0332 2.761 4172714 1.09e+009 180.8 

865 4.18e+008 2003.5 7302804 0.0338 2.795 4163458 1.09e+009 181.1 

855 4.16e+008 2010.5 7304814 0.0343 2.829 4154063 1.09e+009 181.3 

845 4.14e+008 2018.1 7306832 0.0348 2.864 4144523 1.09e+009 181.6 

835 4.11e+008 2029.6 7308862 0.0354 2.900 4134815 1.10e+009 181.9 

825 4.09e+008 2030.8 7310893 0.0359 2.935 4124986 1.10e÷009 182.2 

815 4.07e+008 2048.4 7312941 0.0366 2.972 4114952 1.10e+009 182.5 

805 4.04e+008 2044.1 7314985 0.0370 3.009 4104817 1.10e+009 182.8 

795 4.02e+008 2064.3 7317050 0.0378 3.047 4094456 1.11e+009 183.1 

785 4.00e+008 2065.8 7319115 0.0383 3.085 4083957 1.11e+009 183.4 

775 3.98e+008 2080.1 7321195 0.0391 3.124 4073252 1.11e+009 183.7 

765 3.95e+008 2081.6 7323277 0.0396 3.164 4062402 1.11e+009 184.0 

755 3.93e+008 2100.0 7325377 0.0405 3.204 4051314 1.12e+009 184.3 

745 3.90e+008 2108.0 7327485 0.0412 3.246 4040037 1.12e+009 184.6 

735 3.88e+008 2112.9 7329598 0.0418 3.287 4028582 1.12e+009 184.9 

725 3.86e+008 2124.3 7331722 0.0426 3.330 4016911 1.12e+009 185.2 

715 3.83e+008 2143.1 7333865 0.0436 3.373 4004975 1.13e+009 185.5 

705 3.81e+008 2144.9 7336010 0.0442 3.418 3992863 1.13e+009 185.8 

695 3.78e+008 2162.5 7338173 0.0452 3.463 3980479 1.13e+009 186.1 

685 3.76e+008 2174.3 7340347 0.0461 3.509 3967850 1.13e+009 186.4 

675 3.74e+008 2180.6 7342528 0.0469 3.556 3955000 1.14e+009 186.7 

665 3.71e+008 2198.6 7344726 0.0480 3.604 3941854 1.14e+009 187.0 

655 3.69e+008 2209.2 7346935 0.0489 3.653 3928448 1.14e+009 187.4 

645 3.66e+008 2223.2 7349159 0.0500 3.703 3914751 1.14e+009 187.7 

635 3.64e+008 2239.1 7351398 0.0511 3.754 3900745 1.15e+009 188.0 

625 3.61e+008 2253.9 7353652 0.0523 3.806 3886426 1.15e+009 188.3 

615 3.59e+008 2259.6 7355911 0.0532 3.859 3871842 1.15e+009 188.6 

605 3.56e+008 2282.9 7358194 0.0546 3.914 3856870 1.lSe+009 189.0 

595 3.54e+008 2297.2 7360491 0.0559 3.970 3841557 1.16e+009 189.3 

585 3.51e+008 2312.6 7362804 0.0572 4.027 3829395 1.16e+009 189.6 

575 3.48e+008 2332.1 7365136 0.0587 4.086 3820936 1.16e+009 190.0 

565 3.46e+008 2346.4 7367482 0.0600 4.146 3812278 1.17e+009 190.3 

555 3.43e+008 2366.6 7369849 0.0616 4.207 3803392 1.17e+009 190.6 

545 3.41e+008 2390.1 7372239 0.0633 4.271 3794258 1.17e+009 191.0 

535 3.38e+008 2404.2 7374643 0.0649 4.336 3784903 1.17e+009 191.3 

525 3.35e+008 2428.9 7377072 0.0668 4.402 3775276 1.18e+009 191.6 

515 3.33e+008 2448.9 7379521 0.0686 4.471 3765387 1.18e+009 192.0 

505 3.30e+008 2468.4 7381990 0.0704 4.541 3755227 1.18e÷009 192.3 

495 3.27e+008 2497.3 7384487 0.0727 4.614 3744747 1.19e+009 192.7 

485 3.24e+008 2520.7 7387008 0.0748 4.689 3733957 1.19e÷009 193.1 

475 3.22e+008 2545.1 7389553 0.0771 4.766 3722840 1.19e+009 193.4 

465 3.19e+008 2569.0 7392122 0.0794 4.845 3711384 1.20e+009 193.8 

455 3.16e+008 2597.9 7394720 0.0820 4.927 3699553 1.20e+009 194.1 

445 3.13e+008 2630.4 7397350 0.0849 5.012 3687314 1.20e+009 194.5 

435 3.10e+008 2658.0 7400008 0.0877 5.100 3674671 1.21e+009 194.9 

425 3.07e+008 2688.3 7402696 0.0907 5.191 3661593 1.21e+009 195.3 

415 3.04e+008 2719.4 7405416 0.0939 5.284 3648057 1.21e+009 195.6 

405 3.Ole+008 2757.7 7408173 0.0975 5.382 3634002 1.22e+009 196.0 

395 2.98e+008 2796.4 7410970 0.1012 5.483 3619402 1.22e+009 196.4 

385 2.95e+008 2826.6 7413796 0.1049 5.588 3604275 1.22e+009 196.8 

375 2.92e+008 2872.0 7416668 0.1093 5.697 3588511 1.23e+009 197.2 

365 2.89e+008 2910.5 7419579 0.1137 5.811 3572115 1.23e+009 197.6 

355 2.86e+008 2953.3 7422532 0.1185 5.929 3555028 1.23e+009 198.0 

345 2.83e+008 3007.0 7425539 0.1240 6.053 3539537 1.24e+009 198.5 

335 2.80e+008 3052.4 7428592 0.1295 6.183 3526654 1.24e+009 198.9 

325 2.76e+008 3103.3 7431695 0.1355 6.318 3513171 1.24e+009 199.3
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315 
305 

295 
285 

275 

265 

255 

245 

235 

225 

215 

205 

200 

195 

190 

185 

180 

175 
170 

165 

160 
155 

150 

145 

140 
135 

130 
125 
120 

115 
110 

105 
100 

95 
90 

85 
80 

75 

70 

65 
60 

55 
50

2.73e+008 

2. 70e+008 

2. 66e+008 

2. 63e+008 

2 .59e+008 

2 .56e+008 

2 .52e+008 

2 .48e+008 

2 .44e+008 
2. 40e+008 

2. 36e+008 

2. 32e+008 
2. 30e+008 

2. 28e+008 

2.26e+008 

2.24e+008 

2.22e+008 

2.19e+008 
2.17e+008 

2. 15e+008 

2.12e+008 
2.10e+008 
2.08e+008 

2.05e+008 

2.03e+008 
2.00e+008 

1. 98e+008 

1. 95e+008 
1.92e+008 

1.89e+008 
1.86e+008 

1.83e+008 
1. 80e+008 
1.77e+008 

1. 74e+008 

1.71e+008 
1.67e+008 

1.64e+008 

1.60e+008 

1.56e+008 
1.52e+008 
1.48e+008 
1.43e+008

3165.3 

3224.1 

3287.2 
3354.9 

3430.8 

3510.5 

3591.9 

3684.3 

3782.7 

3891.5 

4008.3 

4136.1 
2134.1 

2171.4 

2205.8 
2253.6 

2297.7 

2341.9 
2395.7 

2444.7 

2505.8 

2568.8 
2633.2 

2704.5 

2784.6 
2863.4 

2953.5 

3048.4 

3155.5 
3274.0 
3393.6 

3540.2 

3693.7 
3862.4 

4052.4 

4276.6 

4533.1 
4835.3 

5172.7 

5585.0 
6064.3 

6659.2 
7420.5

torus water level = 16.00 ft

prpv trpv 
(psig] [OF]

562.88 
561.79 

560.70 

559.60 
558.49 

557.37 

556.24 
555.11 

553 .97 

552.82 

551.66 

550.50 

549.32 

548.14 

546.95 

545.75 
544.54 
543 .32 

542.10 
540.86

hfrpv hgrpv 
[Btu/Ibm] [Btu/lbm] 

566.16 1186.6 
564.74 1187.0 
563.31 1187.4 
561.87 1187.8 
560.42 1188.3 
558.97 1188.7 
557.51 1189.1 
556.04 1189.5 
554.57 1189.9 
553.09 1190.3 
551.60 1190.7 
550.11 1191.1 
548.60 1191.4 
547.09 1191.8 
545.57 1192.2 
544.04 1192.6 
542.51 1192.9 
540.96 1193.3 
539.40 1193.7 
537.85 1194.0

7434860 
7438084 

7441372 

7444726 

7448157 

7451668 

7455260 

7458944 

7462727 
7466618 

7470627 

7474763 

7476897 
7479068 

7481274 

7483528 

7485825 
7488167 

7490563 
7493008 

7495513 

7498082 
7500715 

7503420 

7506204 
7509068 

7512021 
7515070 

7518225 
7521499 
7524893 

7528433 
7532127 
7535989 
7540041 

7544318 

7548851 
7553686 

7558859 

7564444 
7570509 
7577168 
7584588

0.1424 

0.1496 

0.1574 

0.1660 

0.1756 

0.1862 

0.1975 

0.2104 

0.2247 

0.2408 
0.2588 

0.2792 

0.1474 

0.1536 

0.1598 

0.1674 
0.1750 
0.1831 

0.1924 
0.2018 
0.2127 

0.2245 

0.2371 
0.2512 

0.2670 

0.2837 

0.3027 

0.3236 
0.3475 

0.3744 
0.4036 

0.4387 

0.4776 
0.5222 
0.5741 

0.6362 
0.7100 

0.7995 

0.9058 

1.0393 

1.2041 
1.4171 

1.7011

6.461 

6.610 

6.768 

6.934 

7.110 

7.296 

7.493 
7.704 

7.928 

8.169 
8.428 

8.707 

8.855 

9.008 

9.168 

9.335 

9.510 

9.694 

9.886 

10.088 
10.300 

10.525 

10.762 
11.013 

11.280 

11.564 

11.867 
12.190 

12.538 

12.912 
13.316 

13.754 
14.232 

14.754 
15.328 

15.965 
16.675 

17.474 
18.380 

19.419 

20.623 
22.040 
23.741

3499002 
3484117 

3468452 

3451930 

3434452 

3415927 

3396271 

3375332 
3352973 

3332670 

3312514 
3290768 

3279287 

3267327 
3254880 

3241845 

3228214 

3213955 

3198972 

3184953 
3172496 

3159350 

3145466 

3130759 
3115127 

3098516 

3080790 
3061840 

3041496 

3019574 

2995940 
2970256 
2942289 

2911712 
2883403 

2856427 
2826324 

2792425 
2754019 

2709951 

2664651 
2617647 
2561222

1. 25e+009 
1 25e+009 

1. 26e+009 
1. 26e+009 

1. 26e+009 

1. 27e+009 
1. 27e+009 

1. 28e+009 
1. 28e+009 

1. 29e+009 

1. 29e+009 
1. 30e+009 

1. 30e+009 

1. 30e+009 

1. 30e+009 

1 31e+009 

1. 31e+009 
1. 31e+009 

1. 31e+009 

1.32e+009 

1. 32e+009 
1.32e+009 

1.33e+009 

1.33e+009 
1.33e+009 

1.34e+009 

1. 34e+009 
1. 34e+009 

1. 35e+009 

1.35e+009 
1.36e+009 
1.36e+009 

1.36e+009 
1.37e+009 

1.37e+009 
1.38e+009 

1 .38e+009 

1.39e+009 

1.40e+009 
1.40e+009 

1.41e+009 
1.42e+009 

1.43e+009

199.8 
200.2 

200.7 
201.1 

201.6 

202.1 

202.6 

203.1 

203.6 

204.2 

204.7 

205.3 
205.6 

205.9 

206.2 
206.5 

206.8 

207.1 
207.4 

207.8 

208.1 
208.5 

208.8 

209.2 

209.6 
210.0 

210.4 

210.8 

211.2 
211.6 

212.1 

212.6 
213.1 

213.6 

214.1 

214.7 
215.3 

215.9 

216.6 
217.4 

218.2 
219.0 

220.0 

mg-rpv 

[Ibm] 
15300 

15309 

15314 
15316 
15315 

15312 

15305 
15295 

15283 

15268 

15250 

15229 

15205 

15179 

15150 
15118 
15083 

15046 

15007 

14965

1145 
1135 

1125 
1115 
1105 

1095 

1085 
1075 

1065 

1055 

1045 

1035 

1025 

1015 

1005 

995 
985 

975 

965 

955

vfrpv 
[ft3/lbm] 
0.02217 
0.02213 

0.02210 

0.02206 
0.02202 
0.02199 

0.02195 

0.02192 

0.02188 

0.02184 

0.02181 

0.02177 

0.02173 

0.02170 
0.02166 

0.02163 
-0.02159 

0.02155 

0.02152 

0.02148

vg-rpv 
[ft3/lbm] 

0.3771 

0.3808 

0.3847 
0.3886 

0.3926 

0.3966 
0.4007 
0.4049 

0.4091 

0.4135 

0.4179 

0.4224 
0.4269 

0.4316 

0.4363 

0.4412 

0.4461 

0.4511 
0.4562 
0 4619

wsrv 

( Ibm/min. ] 
78190 
77515 

76841 

76167 

75493 

74819 
74144 

73470 

72796 

72122 

71447 

70773 

70099 

69425 

68751 
68076 

67402 

66728 

66054 
65379

mf_rpv 
[ ibm] 

532000 

530124 

528251 
526376 
524498 

522619 
520742 
518860 

516980 

515102 

513216 

511335 

509442 

507556 

505664 
503775 

501877 

499979 
498076 

496171
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945 
935 

925 

915 

905 
895 

885 

875 

865 

855 

845 
835 

825 

815 
805 

795 

785 

775 
765 

755 

745 
735 

725 
715 
705 

695 

685 
675 
665 

655 

645 

635 
625 
615 

605 

595 
585 

575 

565 

555 
545 
535 
525 

515 

505 
495 

485 
475 
465 
455 

445 

435 

425 
415 

405 

395 
385 

375 

365 
355 

345 

335 
325 

315 

305 
295 

285 

275

539.61 

538.35 

537.09 
535.81 

534.52 

533.22 
531.91 

530.59 

529.26 
527.92 

526.56 

525.20 
523.82 

522.42 
521.02 

519.60 

518.16 

516.72 
515.26 

513.78 

512.30 
510.80 

509.28 

507.74 
506.19 
504.62 
503.03 

501.43 

499.81 
498.17 

496.52 

494.84 
493.14 
491.43 

489.69 

487.93 
486.15 

484.35 
482.52 

480.66 
478.78 
476.88 
474.95 
472.99 

471.01 
468.99 

466.95 
464.87 
462.76 
460.61 

458.43 
456.21 

453.96 
451.67 

449.33 

446.95 
444.53 

442.06 
439.53 

436.96 
434.33 

431.65 

428.91 

426.10 

423.22 

420.27 

417.26 

414.16

536.27 

534.70 

533.11 
531..51 

529.90 

528.28 

526.65 

525.02 

523.37 

521.71 

520.04 

518.35 

516.66 

514.95 

513.24 
511.50 

509.76 

508.00 
506.24 

504.45 

502.65 

500.84 

499.01 
497.17 

495.31 
493.43 

491.54 

489.64 

487.71 
485.77 
483.81 

481.83 
479.83 
477.82 

475.78 
473.72 

471.64 
469.53 

467.40 
465.25 

463.07 
460.87 
458.64 
456.39 

454.11 
451.80 

449.45 
447.08 

444.68 
442.24 

439.76 

437.25 

434.69 
432.11 

429.48 

426.80 
424.09 

421.32 

418.51 
415.64 
412.72 

409.74 
406.71 

403.60 

400.43 
397.20 

393.89 

390.50

1194.4 

1194.7 

1195.1 

1195.4 

1195.7 

1196.1 

1196.4 

1196.7 

1197.0 

1197.3 

1197.7 

1198.0 
1198.3 

1198.5 

1198.8 

1199.1 
1199.4 
1199.7 

1199.9 
1200.2 

1200.4 
1200.7 

1200.9 

1201.2 

1201.4 
1201.6 
1201.8 

1202.1 

1202.3 
1202.5 
1202.7 

1202.8 

1203.0 
1203.2 
1203.4 

1203.5 

1203.7 
1203.8 

1203.9 

1204.1 

1204.2 
1204.3 
1204.4 
1204.5 

1204.5 
1204.6 

1204.7 
1204.7 
1204.8 

1204.8 
1204.8 

1204.8 

1204.8 

1204.8 

1204.7 

1204.7 
1204.6 

1204.5 
1204.4 

1204.3 
1204.1 

1204.0 

1203.8 

1203.6 

1203.4 
1203.1 

1202.9 

1202.6

0.02145 
0.02141 

0.02137 

0.02134 
0.02130 

0.02127 

0.02123 
0.02119 

0.02116 

0.02112 

0.02109 

0.02105 

0.02101 
0.02098 

0.02094 

0.02090 
0.02087 

0.02083 

0.02080 
0.02076 

0.02072 

0.02069 
0.02065 

0.02061 

0.02058 
0.02054 
0.02050 

0.02047 

0.02043 

0.02039 
0.02036 

0.02032 

0.02028 
0.02024 
0.02021 

0.02017 

0.02013 
0.02009 

0.02005 
0.02002 

0.01998 
0.01994 

0.01990 
0.01986 

0.01982 

0.01978 
0.01974 
0.01970 

0.01966 
0.01962 
0.01958 

0.01954 

0.01950 
0.01946 

0. 01942 

0.01938 

0.01934 
0.01929 

0.01925 

0. 01921 
0.01916 

0. 01912 

0.01908 
0.01903 

0.01899 

0.01894 

0.01889 

0.01885

0.4668 
0.4722 

0.4778 

0.4834 

0.4892 

0.4951 

0.5011 

0.5072 

0.5135 

0.5199 

0.5265 

0.5332 

0.5401 
0.5471 

0.5543 

0.5617 

0.5692 
0.5769 

0.5848 

0.5929 
0.6012 

0.6097 

0.6185 
0.6275 

0.6367 
'0.6461 

0.6559 
0.6658 

0.6761 

0.6867 
0.6976 

0.7088 

0.7203 

0.7322 
0.7445 

0.7571 

0.7701 

0.7836 
0.7975 

0.8119 

0.8268 

0.8422 
0.8582 
0.8747 

0. 8919 

0. 9097 
0. 9282 

0. 9474 
0.9674 
0.9882 

1.0099 
1.0325 

1.0561 

1.0807 

1.1065 

1.1335 

1.1618 
.1.1915 

1.2227 

1.2556 
1.2902 

1.3267 

1.3652 
1.4061 

1.4493 

1.4953 

1.5443 
1.5994

64705 
64031 

63357 
62683 

62008 

61334 
60660 

59986 

59311 

58637 

57963 
57289 

56614 

55940 
55266 

54592 

53918 

53243 

52569 

51895 

51221 

50546 

49872 
49198 

48524 
47850 

47175 

46501 
45827 

45153 

44478 
43804 

43130 

42456 

41782 
41107 

40433 

39759 
39085 
38410 

37736 
37062 

36388 
35714 

35039 

34365 
33691 
33017 
32342 

31668 

30994 
30320 

29646 

28971 
28297 

27623 

26949 
26274 

25600 

24926 

24252 
23578 

22903 

22229 

21555 

20881 

20206 
19532

494264 

492352 

490444 
488524 

486600 

484671 
482740 

480810 

478871 
476927 

474977 

473019 
471061 

469088 

467123 
465138 

463155 

461159 
459165 

457153 

455136 
453117 

451088 
449042 

446997 
444936 

442865 

440790 
438699 

436600 

434488 

432363 
430225 

428084 
425920 

423745 
421556 

419350 

417131 
414894 

412636 

410365 
408072 
405760 
403432 
401076 

398698 
396298 
393876 
391427 

388948 

386443 

383910 

381347 

378748 

376113 

373449 
370742 
367998 

365214 

362377 
359498 

356570 

353581 

350536 

347431 

344259 

341014

14920 

14873 

14823 

14771 

14716 

14659 

14600 

14538 

14474 

14407 

14338 

14267 
14194 

14118 
14040 
13960 

13878 

13793 

13706 

13618 

13527 
13433 

13338 

13241 

13141 
13039 

12936 

12830 
12722 

12613 
12501 

12387 
12271 

12153 
12033 

11911 
11788 

11662 

11534 
11404 

11273 
11139 

11004 
10866 
10727 
10585 

10442 
10297 
10150 
10001 

9850 

9697 

9542 

9385 

9226 

9065 

8902 
8738 
8571 

8402 

8231 
8058 

7883 

7706 

7527 

7346 

7162 

6977
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265 
255 

245 

235 

225 

215 

205 

200 

195 

190 
185 

180 

175 
170 

165 

160 
155 
150 

145 

140 
135 

130 

125 

120 
115 

110 

105 
100 

95 
90 

85 

80 
75 

70 
65 
60 

55 

so 

prpv 

(psig] 
1145 
1135 
1125 

1115 

1105 
1095 
1085 
1075 
1065 

1055 
1045 

1035 

1025 
1015 

1005 

995 
985 
975 
965 

955 
945 

935 

925 
915 

905 

895 

885

410.97 3 

407.70 3 

404.33 3 

400.87 3 

397.28 3 

393.59 3 

389.76 3 

387.79 3 

385.79 3 

383.76 3 

381.67 3 

379.56 3 

377.40 3 

375.19 3 

372.94 3 

370.64 3 

368.28 3 

365.87 3 

363.40 3 

360.87 3 

358.27 3 

355.61 3 

352.87 3 

350.06 3 
347.15 3 

344.17 3 

341.08 3 

337.89 3 

334.59 3 

331.16 3 

327.60 2 

323.90 2 

320.04 2 

316.01 2 

311.78 2 

307.33 2 

302.64 2 

297.67 2 

erpv 

(Btu] 

4. 79e+008 

4. 77e+008 
4. 75e+008 
4. 73e+008 

4. 71e+008 
4. 69e+008 

4. 66e+008 
4. 64e+008 

4. 62e+008 

4. 60e+008 

4. 58e+008 
4. 56e+008 

4. 54e+008 

4. Sle+008 

4 .49e+008 

4.47e+008 
4.45e+008 

4.43e+008 
4.40e+008 

4.38e+008 

4. 36e+008 

4.34e+008 

4.32e+008 

4.29e+008 

4. 27e÷008 

4. 25e+008 

4.23e+008

87.01 1 

83.45 1 

79.79 i: 

76.03 1 

72.15 1 

68.16 1 
64.04 1.  

61.93 1.  

59.78 1 

57.60 1 

55.38 1 

53.10 1 

50.80 1 

48.44 1 

46.04 1 

43.59 1 

41.09 1 

38.52 1 

35.91 1 

33.23 1 

30.48 1 

27.67 1 

24.78 1 

21.82 1 

18.76 1 

15.63 1 

.12.39 1 

.09.05 1 

.05.59 1 

.02.02 1 

98.31 1 

94.46 1 

90.44 1 

86.26 1 

281.88 1 

277.28 1 

272.44 1 

267.31 1 

dmg_srv 

[Ibm] 
0.0 

1867.9 
1867.4 

1872.9 
1878.3 
1882.5 

1884.3 

1891.2 
1892.1 

1893.8 

1904.5 
1902.0 

1915.9 
1913.2 

1920.4 

1921.6 
1931.8 

1935.5 
1942.2 

1946.6 

1951.7 
1959.8 

1957.6 

1972.5 
1978.8 

1985.1 

1991.3

202.3 0.01880 
201.9 0.01875 

201.5 0.01870 

201.1 0.01865 

200.6 0.01860 

200.1 0.01855 

199.6 0.01849 

199.3 0.01847 

199.0 0.01844 

198.6 0.01841 

198.3 0.01839 

198.0 0.01836 

197.6 0.01833 

197.2 0.01830 

196.8 0.01827 

196.4 0.01824 

196.0 0.01821 

195.5 0.01818 

195.1 0.01815 
194.6 0.01812 

194.0 0.01809 

193.5 0.01806 

192.9 0.01802 

192.3 0.01799 

191.7 0.01796 

191.0 0.01792 

190.3 0.01789 

189.6 0.01785 

188.8 0.01781 

188.0 0.01778 

187.1 0.01774 

186.2 0.01770 

185.2 0.01766 

184.1 0.01761 

183.0 0.01757 

181.8 0.01753 

180.5 0.01748 

179.1 0.01743 

mfsp dt 

[Ibm] (min.] 

7821584 0.0000 

7823452 0.0241 
7825320 0.0243 

7827193 0.0246 

7829071 0.0249 

7830953 0.0252 

7832838 0.0254 

7834729 0.0257 

7836621 0.0260 

7838515 0.0263 

7840419 0.0267 

7842321 0.0269 

7844237 0.0273 

7846150 0.0276 

7848071 0.0279 

7849992 0.0282 

.7851924 0.0287 

7853859 0.0290 

7855802 0.0294 

7857748 0.0298 

7859700 0.0302 

7861660 0.0306 

7863617 0.0309 

7865590 0.0315 

7867569 0.0319 

7869554 0.0324 

7871545 0.0328

1.6522 18858 
1.7120 18184 

1.7762 17510 

1.8453 16835 

1.9200 16161 

2.0010 15487 

2.0891 14813 

2.1360 14476 

2.1852 14138 

2.2367 13801 

2.2906 13464 

2.3472 13127 

2.4067 12790 

2.4693 12453 

2.5353 12116 

2.6048 11779 

2.6784 11442 

2.7562 11104 

2.8387 10767 

2.9264 10430 

3.0197 10093 

3.1192 9756 

3.2256 9419 

3.3396 9082 

3.4620 8745 

3.5940 8408 

3.7365 8070 

3.8910 7733 

4.0590 7396 

4.2425 7059 

4.4437 6722 

4.6654 6385 

4.9109 6048 

5.1843 5711 

5.4907 5374 

5.8367 5036 

6.2304 4699 

6.6827 4362 

t qdh 

(min.] [Btu/min.] 

2.000 4381320 

2.024 4374717 

2.048 4368058 

2.073 4361320 

2.098 4354502 

2.123 4347608 

2.148 4340644 

2.174 4333591 

2.200 4326469 

2.226 4319274 

2.253 4311970 

2.280 4304606 

2.307 4297117 

2.335 4289566 

2.363 4281912 

2.391 4274178 

2.420 4266324 

2.449 4258376 

2.478 4250319 

2.508 4242161 

2.538 4233896 

2.569 4225509 

2.600 4217043 

2.631 4208420 

2.663 4199676 

2.695 4190807 

2.728 4181812

337691 
334290 

330798 

327210 

323515 

319707 

315773 

313741 

311672 

309569 

307420 

305227 

302990 

300701 

298363 

295964 

293504 
290979 

288385 

285711 
282959 

280117 

277182 
274140 

270981 

267703 

264279 
260703 

256959 

253026 
248870 

244459 
239747 

234698 
229238 
223300 

216769 
209478 

esp 

[Btu] 

1. 13e+009 
1. 13e+009 

1. 14e+009 

1.14e+009 
1. 14e+009 
1. 14e+009 

1. 15e+009 

1. 15e+009 
1. 15e+009 
1. 15e+009 

1. 15e+009 

1. 16e+009 

1.16e+009 

1.16e+009 

1.16e+009 
1.17e+009 

1.17e+009 

1. 17e+009 

1.17e+009 

1.17e+009 

1.18e+009 

1.18e+009 

1. 18e+009 

1. 18e+009 
1. 19e+009 

1.19e+009 

1.19e+009

6789 
6598 

6406 

6211 

6014 

5814 
5612 

5510 
5408 

5304 

5200 
5096 

4990 

4884 
4778 

4670 

4562 

4453 

4343 
4233 

4122 
4009 

3896 

3783 
3668 

3552 

3436 

3318 
3200 

3080 

2959 

2837 
2715 

2591 

2465 
2339 

2211 
2082 

tsp 
[OF] 

176.7 
177.0 
177.2 

177.5 

177.7 
178.0 

178.2 
178.5 
178.7 

179.0 

179.2 

179.5 

179.7 

180.0 

180.2 

180.5 

180.7 

181.0 

181.3 

181.5 

181.8 

182.0 

182.3 

182.6 

182.8 

183.1 
11.4
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875 4.20e+008 1991.7 7873537 0.0332 2.761 4172714 1.19e+009 183.6 
865 4.18e+008 2003.S 7873540 0.0338 2.795 41634S8 1.20e+009 183.9 
855 4.16e+008 2010.5 7877551 0.0343 2.829 4154063 1.20e+009 184.1 
84S 4.14e+008 2018.1 7879569 0.0348 2.864 4144523 1.20e+009 184.4 
835 4.11e+008 2029.6 7881598 0.0354 2.900 4134815 1.20e+009 184.7 
825 4.09e+008 2030.8 7883629 0.0359 2.935 4124986 1.21e÷009 185.0 
815 4.070+008 2048.4 788567R n.0366 2,972 4114952 1.21eo0O9 185.2 
803 4.Oe+006 2044.1 7887722 0.0370 3.009 410481? 1.21e+009 185.5 
795 4.02e+008 2064.3 7889786 0.0378 3.047 4094456 1.218+009 185.8 
785 4.00e+008 2065.8 7891852 0.0383 3.085 4023957 1.22eO09 186.0 
775 3.98et008 2080.1 7693932 0.0391 3.124 40732S2 1.22e+009 186.3 
765 3.95e+008 2081.6 7896014 0.0396 3.:64 4062402 1,22e+009 186.6 
755 3.93e+008 2100.0 7898114 0.0405 3.204 4051314 1.22e+009 186.9 
745 3.90e+÷oo 2108.0 7900222 0.0412 3.246 4040037 1.23e+009 187.2 
735 3.88e÷008 2112,9 7902335 0.0418 3.287 4028582 1.23e+0u9 1a;.j 
725 3.86e.008 2124.3 7904459 0.0426 3.330 4016911 1.23e+009 187.7 
715 3.83e+008 2143.1 7906602 0.0436 3.373 4004975 1.23e+009 188.0 
705 3.8ie+O08 2144.9 7908747 0.0442 3.418 3992863 1.24etO09 188.3 
693 3.79e+008 2162.5 7910909 0.0452 3.463 3980479 1.24e+009 188.6 
685 3.76e+008 2174.3 7913084 0.0461 3.509 3967850 1.24e+009 188.9 
673 3.74e+008 2180.6 7915264 0.0469 3.556 3955000 1.24e+o09 189.1 
665 3.71e+008 2198.6 7917463 0.0480 3.604 3941854 1.25e+009 189.4 
655 3.69e+008 2209.2 7919672 0,0489 3.653 3928448 1.25e+009 189.7 
645 3.66e+o0o 2223.2 7921895 0.OSOO 3.703 3914751 1.25e+009 190.0 
635 3.64e+008 2239.1 7924134 0.0311 3.7S4 3900745 1.25e+009 190.3 
625 3.61e±008 2253.9 7926388 0.0523 3.806 3886426 1.26e+009 190.6 
615 3.A9e+008 229q.6 7928648 0.0532 3.859 3871042 l.26eo000 190.9 
605 3.56E+0oo 2282.9 7930931 0.0546 3.914 3856870 1.26e+009 191.2 
595 3.54u+0u8 229"1.2 7933228 0.0559 3.970 3841557 1.270+009 191.5 
585 3.51a008 2312.6 7935541 0.0572 4.027 3829395 1.1.704.009 191.8 
575 3.48e+008 2332.1 7937873 0.0587 4.086 3820936 1.27e+009 192.1 
565 3.46e+008 2346.4 7940219 0.0600 4.146 4812278 1.27e÷009 192.4 
555 3.43eP008 2366.6 7942596 0.0616 4.207 3803392 1.28e+009 192.7 
545 3.41e+008 2390.1 7944976 0.0633 4.271 3794258 1.28e÷009 193.1 
535 3.36e+008 2404.2 7947380 O0.649 4.336 3784903 1.28e+009 193.4 
525 3.35e+008 2428.9 7949809 0.0668 4.402 3775276 1.29e+009 193.7 
515 3.33e+008 2448.9 7952258 0.0686 4.471 3765387 1.29e+oo9 194.0 
505 3.30e+008 2468.4 7954726 0.0704 4.541 375522? 1.29e+009 194.3 
495 3.27ei,008 2497.3 7957223 0.0727 4.614 3744747 1.29e+009 194.7 
48S 3.24e+008 2520.7 7959744 0.0748 4.689 3733957 1.30e+009 195.0 
475 3,22e+008 2545.1 7962289 0.0771 4.766 3722840 1.30c+009 195.3 
465 3.19e+008 2569.0 7964858 0.0794 4,845 3711384 1.30e+009 195.7 
455 3.16e+008 2597.9 7967456 0.0920 4.927 3699553 1.31e+009 196.0 
445 3.13e+008 2430.4 7970087 0.0849 5.012 3987324 1.31e+009 196.3 
435 3.10eto08 2656.0 7972745 0.0877 5.100 3674671 1.31e+009 196.7 
425 3.07e+008 2688.3 7973433 0.0907 5.191 3661593 1.32e+009 197.0 
415 3.04f3008 2719.4 7978152 0.0939 5.284 3648057 1.32e-009 197.4 
403 3.01et008 2757.7 7980910 0.0975 5.382 3634002 1.32e+009 197.8 
395 2.988e÷00 2796.4 7983706 0.102 5.483 3619402 1.33e÷009 198.1 
385 2.95e+008 2826.6 7986533 0.1049 5.588 3604275 1.33e+009 198.5 
375 2.92e+008 2872.0 7989405 0.1093 5.697 3388311 1.33eý009 198.9 
365 2.89e+008 2910.5 7992316 0.1137 5.811 3572115 1.34e.*u09 199.2 
355 2.86e+008 2953.3 7995269 0.1185 5.929 3555028 1.34e+009 199.6 
343 2.03e+008 3007.0 7998276 0.1240 6.053 3539537 1.34e+009 200,0 
335 2.80e+008 3052.4 8001328 0.1295 6.183 3526654 1.35e÷0s9 200.4 
325 2.76e+008 3103.3 8004432 0.1355 6.318 3513171 1.35e+009 200.8 
315 2.73e4008 3163.3 8007597 0.1424 6.461 3499002 1.35e+009 201.2 
305 2.l0e.to008 3224.1 8010821 0.i496 6.610 3484117 1.36e+009 201.6 
295 2.66e÷008 3287.2 8014108 0.1574 6.768 3468452 1.36e+009 202.1 
285 2.63e+008 3354.9 8017463 0.1660 6.934 3451930 1.37e+009 202.5 
275 2.59e+008 3430.8 8020894 0.1756 7.110 3434452 1.37e+009 202.9 
265 2.56e+008 3510.5 6024404 0.1862 7.296 3415927 1.38et009 203.4 
255 2-52e+008 3591.9 8027996 0.197S 7.493 3396271 1.38e+009 203.8 
245 2.48e+008 3684.3 8031681 0.2104 7.704 3375332 1.38c+009 204.3 
233 2.44e+008 3782.7 8035463 0.2247 7.928 3352973 1.39e+009 204.8 
225 2.40e+008 3891.5 8039355 0.2408 8.169 3332670 1.39e+009 205.3 
215 2.36e+008 4008.3 R043363 0.2588 8.428 3312514 1.40e+009 205.8 
205 2.32e+008 4136.1 8047499 O.2792 8.707 3290768 1.40e+009 206,3
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200 2.30e+008 2134.1 8049633 0.1474 8.855 3279287 1.41e+009 206.6 
195 2.28e+008 2171.4 8051805 0.1536 9.008 3267327 1.41e+009 206.9 
190 2.26e+008 2205.8 8054011 0.1598 9.168 3254880 1.41e+009 207.2 

185 2.24e+008 2253.6 8056264 0.1674 9.335 3241845 1.41e+009 207.4 
180 2.22e+008 2297.7 8058562 0.1750 9.510 3228214 1.42e+009 207.7 
175 2.19e+008 2341.9 8060904 0.1831 9.694 3213955 1.42e+009 208.0 
170 2.17e+008 2395.7 8063299 0.1924 9.886 3198972 1.42e+009 208.3 
165 2.15e+008 2444.7 8065744 0.2018 10.088 3184953 1.42e+009 208.6 

160 2.12e+008 2505.8 8068250 0.2127 10.300 3172496 1.43e+009 209.0 
155 2.10e+008 2568.8 8070819 0.2245 10.525 3159350 1.43e+009 209.3 
150 2.08e+008 2633.2 8073452 0.2371 10.762 3145466 1.43e+009 209.6 
145 2.05e+008 2704.5 8076156 0.2512 11.013 3130759 1.44e+009 210.0 
140 2.03e+008 2784.6 8078941 0.2670 11.280 3115127 1.44e+009 210.3 

135 2.00e+008 2863.4 8081804 0.2837 11.564 3098516 1.44e+009 210.7 

130 1.98e+008 2953.5 8084758 0.3027 11.867 3080790 1.45e+009 211.0 

125 1.95e+008 3048.4 8087806 0.3236 12.190 3061840 1.45e+009 211.4 

120 1.92e+008 3155.5 8090962 0.3475 12.538 3041496 1.45e+009 211.8 
115 1.89e+008 3274.0 8094236 0.3744 12.912 3019574 1.46e+009 212.2 

110 1.86e+008 3393.6 8097629 0.4036 13.316 2995940 1.46e+009 212.7 
105 1.83e+008 3540.2 8101169 0.4387 13.754 2970256 1.47e+009 213.1 

100 1.80e+008 3693.7 8104863 0.4776 14.232 2942289 1.47e+009 213.6 

95 1.77e+008 3862.4 8108726 0.5222 14.754 2911712 1.48e*009 214.0 

90 1.74e+008 4052.4 8112778 0.5741 15.328 2883403 1.48e+009 214.5 

85 1.71e+008 4276.6 8117055 0.6362 15.965 2856427 1.49e+009 215.1 

80 1.67e+008 4533.1 8121588 0.7100 16.675 2826324 1.49e+009 215.6 
75 1.64e+008 4835.3 8126423 0.7995 17.474 2792425 1.50e÷009 216.2 
70 1.60e+008 5172.7 8131596 0.9058 18.380 2754019 1.50e+009 216.9 
65 1.56e+008 5585.0 8137181 1.0393 19.419 2709951 1.51e+009 217.5 

60 1.52e+008 6064.3 8143245 1.2041 20.623 2664651 1.52e+009 218.3 
55 1.48e+008 6659.2 8149904 1.4171 22.040 2617647 1.52e+009 219.1 
50 1.43e+008 7420.5 8157325 1.7011 23.741 2561222 1.53e+009 220.0 

torus water level = 17.00 ft 

prpv trpv hfrpv hgrpv vfrpv vg-rpv wsrv mf_rpv mgrpv 
[psig] [(F] (Btu/Ibm] [Btu/lbm] [ft3/lbm] [ft3/lbm] [Ibm/min.] [Ibm] [ibm] 
1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 15300 
1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 15309 
1125 560.70 563.31 1187.4 0.02210 0.3847 76841 528251 15314 
1115 559.60 561.87 1187.8 0.02206 0.3886 76167 526376 15316 
1105 558.49 560.42 1188.3 0.02202 0.3926 75493 524498 15315 
1095 557.37 558.97 1188.7 0.02199 0.3966 74819 522619 15312 
1085 556.24 557.51 1189.1 0.02195 0.4007 74144 520742 15305 
1075 555.11 556.04 1189.5 0.02192 0.4049 73470 518860 15295 

1065 553.97 554.57 1189.9 0.02188 0.4091 72796 516980 15283 
1055 552.82 553.09 1190.3 0.02184 0.4135 72122 515102 15268 
1045 551.66 551.60 1190.7 0.02181 0.4179 71447 513216 15250 
1035 550.50 550.11 1191.1 0.02177 0.4224 70773 511335 15229 
1025 549.32 548.60 1191.4 0.02173 0.4269 70099 509442 15205 
1015 548.14 547.09 1191.8 0.02170 0.4316 69425 507556 15179 
1005 546.95 545.57 1192.2 0.02166 0.4363 68751 505664 15150 

995 545.75 544.04 1192.6 0.02163 0.4412 68076 503775 15118 
985 544.54 542.51 1192.9 0.02159 0.4461 67402 501877 15083 
975 543.32 540.96 1193.3 0.02155 0.4511 66728 499979 15046 

965 542.10 539.40 1193.7 0.02152 0.4562 66054 498076 15007 
955 540.86 537.85 1194.0 0.02148 0.4615 65379 496171 14965 

945 539.61 536.27 1194.4 0.02145 0.4668 64705 494264 14920 
935 538.35 534.70 1194.7 0.02141 0.4722 64031 492352 14873 
925 537.09 533.11 1195.1 0.02137 0.4778 63357 490444 14823 
915 535.81 531.51 1195.4 0.02134 0.4834 62683 488524 14771 
905 534.52 529.90 1195.7 0.02130 0.4892 62008 486600 14716 
895 533.22 528.28 1196.1 0.02127 0.4951 61334 484671 14659 

885 531.91 526.65 1196.4 0.02123 0.5011 60660 482740 14600 
875 530.59 525.02 1196.7 0.02119 0.5072 59986 480810 14538 

865 529.26 523.37 1197.0 0.02116 0.5135 59311 478871 14474 
855 527.92 521.71 1197.3 0.02112 0.5199 58637 476927 14407 
845 526.56 520.04 1197.7 0.02109 0.5265 57963 474977 14338 

835 525.20 518.35 1198.0 0.02105 0.5332 57289 473019 14267
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825 523.82 516.66 1198.3 0.02101 

815 522.42 514.95 1198.5 0.02098 

805 521.02 513.24 1198.8 0.02094 

795 513.60 511.50 1199.1 0.02090 

785 513.16 509.76 1199.4 0.02087 

775 516.72 508.00 1199.7 0.02083 

765 515.26 506.24 1199.9 0.02080 

755 513.78 504.45 1200.2 0.02076 

745 512.30 502.65 1200.4 0.02072 

735 51^.80 500.84 1200.7 0.02069 

725 5C5.28 499.01 1200.9 0.02065 

715 507.74 497.17 1201.2 0.02061 

705 5C6.19 495.31 1201.4 0.02058 

695 5C4.62 493.43 1201.6 0.02054 

685 5C3.03 491.54 1201.8 0.02050 

675 501.43 489.64 1202.1 0.02047 

665 499.81 487.71 1202.3 0.02043 

655 498.17 485.77 1202.5 0.02039 

645 493.52 483.81 1202.7 0.02036 

635 494.84 481.83 1202.8 0.02032 
625 493.14 479.83 1203.0 0.02028 

615 491.43 477.82 1203.2 0.02024 

605 489.69 475.78 1203.4 0.02021 

595 487.93 473.72 1203.5 0.02017 
585 486.15 471.64 1203.7 0.02013 
575 484.35 469.53 1203.8 0.02009 

565 482.52 467.40 1203.9 0.02005 

555 480.66 465.25 1204.1 0.02002 

545 478.78 463.07 1204.2 0.01998 

535 476.88 '460.87 1204.3 0.01994 

525 474.95 458.64 1204.4 0.01990 

515 472.99 456.39 1204.5 0.01986 
505 471.01 454.11 1204.5 0.01982 

495 468.99 451.80 1204.6 0.01978 

485 466.95 449.45 1204.7 0.01974 
475 464.87 447.08 1204.7 0.01970 

465 462.76 444.68 1204.8 0.01966 

455 460.61 442.24 1204.8 0.01962 

445 458.43 439.76 1204.8 0.01958 

435 456.21 437.25 1204.8 0.01954 

425 453.96 434.69 1204.8 0.01950 

415 451.67 432.11 1204.8 0.01946 

405 449.33 429.48 1204.7 0.01942 
395 446.95 426.80 1204.7 0.01938 

385 444.53 424.09 1204.6 0.01934 

375 442.06 421.32 1204.5 0.01929 

365 439.53 418.51 1204.4 0.01925 

355 436.96 415.64 1204.3 0.01921 

345 434.33 412.72 1204.1 0.01916 

335 431.65 409.74 1204.0 0.01912 

325 428.91 406.71 1203.8 0.01908 

315 426.10 403.60 1203.6 0.01903 

305 423.22 400.43 1203.4 0.01899 

295 420.27 397.20 1203.1 0.01894 

285 417.26 393.89 1202.9 0.01889 

275 414.16 390.50 1202.6 0.01885 

265 410.97 387.01 1202.3 0.01880 

255 407.70 383.45 1201.9 0.01875 

245 434.33 379.79 1201.5 0.01870 

235 400.87 376.03 1201.1 0.01865 

225 397.28 372.15 1200.6 0.01860 

215 393.59 368.16 1200.1 0.01855 

205 389.76 364.04 1199.6 0.01849 

200 387.79 361.93 1199.3 0.01847 

195 385.79 359.78 1199.0 0.01844 

190 383.76 357.60 1198.6 0.01841 

185 381.67 355.38 1198.3 0.01839 

180 379.56 353.10 1198.0 0.01836

0.5401 
0.5471 

0.5543 

0.5617 
0.5692 

0.5769 

0.5848 
0.5929 

0.6012 

0.6097 

0.6185 

0.6275 

0.6367 
0.6461 

0.6559 

0.6658 
0.6761 

0.6867 

0.6976 
0.7088 

0.7203 

0.7322 
0.7445 

0.7571 

0.7701 

0.7836 
0.7975 

0.8119 
0.8268 

0.8422 

0.8582 
0.8747 

0.8919 
0.9097 

0.9282 

0.9474 
0.9674 
0.9882 

1.0099 
1.0325 

1.0561 
1.0807 

1.1065 
1.1335 

1.1618 

1.1915 
1.2227 

1.2556 
1.2902 

1.3267 
1.3652 

1.4061 

1.4493 
1.4953 

1.5443 

1.5964 

1.6522 

1.7120 
1.7762 

1.8453 
1.9200 

2.0010 

2.0891 

2.1360 

2.1852 

2.2367 

2.2906 

2.3472

56614 

55940 

55266 

54592 

53918 

53243 

52569 
51895 

51221 

50546 

49872 

49198 

48524 
47850 
47175 

46501 
45827 
45153 

44478 
43804 

43130 

42456 
41782 

41107 

40433 

39759 
39085 

38410 
37736 

37062 

36388 
35714 

35039 
34365 

33691 

33017 

32342 
31668 
30994 

30320 

29646 
28971 

28297 
27623 

26949 

26274 
25600 
24926 

24252 
23578 
22903 

22229 

21555 

20881 

20206 

19532 
18858 

18184 
17510 
16835 

16161 

15487 

14813 

14476 

14138 

13801 

13464 

13127

471061 14194 

469088 14118 

467123 14040 

465138 13960 
463155 13878 

461159 13793 
459165 13706 

457153 13618 
455136 13527 

453117 13433 

451088 13338 

449042 13241 

446997 13141 

444936 13039 

442865 12936 

440790 12830 

438699 12722 
436600 12613 

434488 12501 
432363 12387 

430225 12271 

428084 12153 

425920 12033 
423745 11911 

421556 11788 

419350 11662 
417131 11534 

414894 11404 
412636 11273 

410365 11139 

408072 11004 
405760 10866 

403432 10727 

401076 10585 
398698 10442 

396298 10297 

393876 10150 
391427 10001 

388948 9850 
386443 9697 

383910 9542 
381347 9385 

378748 9226 
376113 9065 
373449 8902 

370742 8738 
367998 8571 

365214 8402 
362377 8231 

359498 8058 
356570 7883 

353581 7706 

350536 7527 

347431 7346 

344259 7162 

341014 6977 

337691 6789 

334290 6598 

330798 6406 
327210 6211 
323515 6014 

319707 5814 

315773 5612 
313741 5510 

311672 5408 

309569 5304 

307420 5200 

305227 5096
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175 
170 

165 

160 
155 

150 

145 
140 

135 

130 

125 

120 

115 

110 

105 

100 

95 
90 

85 
80 

75 

70 
65 

60 
55 

50 

prpv 

[psig] 
1145 

1135 

1125 
1115 
1105 

1095 
1085 

1075 
1065 
1055 

1045 
1035 

1025 
1015 
1005 

995 
985 
975 
965 

955 
945 
935 

925 

915 

905 

895 

885 

875 
865 

855 

845 
835 

825 

815 

805 

795 
785 

775 

765

377.40 

375 .19 
372.94 

370.64 

368.28 

365.87 

363.40 

360.87 

358.27 

355.61 

352.87 

350.06 

347.15 
344.17 

341.08 

337.89 
334.59 

331.16 

327.60 
323.90 

320.04 

316.01 
311.78 

307.33 

302.64 
297.67 

erpv 

[Btu) 

4.79e+008 
4.77e+008 

4.75e+008 

4 .73e+008 
4.71e+008 

4 .69e+008 
4 .66e+008 

4 .64e+008 
4. 62e+008 

4.60e+008 

4. 58e+008 
4.56e+008 

4.54e+008 
4.51e+008 
4.49e+008 

4.47e+008 
4.45e+008 
4.43e+008 
4.40e+008 
4.38e+008 

4.36e+008 
4 .34e+008 

4 .32e+008 

4.29e+008 

4.27e+008 

4.25e+008 
4.23e+008 

4. 20e+008 
4. 18e+008 

4. 16e+008 

4.14e+008 
4. lle+008 

4. 09e+008 

4. 07e+008 

4.04e+008 

4. 02e+008 
4.00e+008 

3.98e+008 

3. 95e+008

350.80 

348.44 
346.04 

343.59 

341.09 

338.52 

335.91 

333.23 

330.48 

327.67 
324.78 

321.82 

318.76 
315.63 

312.39 

309.05 
305.59 

302.02 

298.31 
294.46 

290.44 

286.26 
281.88 

277.28 

272.44 
267.31 

dmg_sri 

(lbbm] 
0A 

1867.! 

1867.4 

1872.! 
1878.  

1882.5 
1884.' 

1891.1 
1892.1 
1893.  

1904.! 

1902.  
1915.! 

1913., 
1920.ý 

1921A 
1931.  
1935.! 
1942.: 
1946.  

1951." 
1959.  

1957.  

1972.! 
1978.f 

1985.) 
1991.: 

1991." 
2003.! 

2010.! 

2018.) 
2029.A 

2030.1 

2048.4 

2044.1 

2064.
2065.A 

2080.3 

2081.(

1197.6 

1197.2 
1196.8 

1196.4 

1196.0 

1195.5 

1195.1 
1194.6 

1194.0 

1193.5 
1192.9 

1192.3 

1191.7 
1191.0 

1190.3 

1189.6 
1188.8 

1188.0 

1187.1 
1186.2 

1185.2 

1184.1 

1183.0 

1181.8 
1180.5 

1179.1 

7 mfsp 

(lbm] 

) 8400693 
) 8402561 

k 8404428 
) 8406301 

8408179 

5 8410062 
8411946 

8413837 
L 8415729 

8417623 

5 8419528 
8421430 

8423346 
8425259 

L 8427179 

6 8429101 
1 8431032 
5 8432968 

8434910 
8436857 

8438808 
8440768 

8442726 

5 8444698 
8446677 

L 8448662 

3 8450654 
? 8452645 
5 8454649 

5 8456659 
L 8458677 
6 8460707 

8 8462738 

4 8464786 

1 8466830 

3 8468895 
8 8470960 

8473041 

8475122

0 01833 
0. 01830 

0.01827 

0.01824 
0.01821 

0.01818 

0.01815 
0.01812 

0.01809 

0.01806 

0.01802 

0.01799 

0.01796 
0.01792 

0.01789 
0.01785 

0.01781 

0.01778 

0.01774 

0.01770 

0.01766 

0.01761 

0.01757 
0.01753 

0.01748 

0.01743 

dt 

[min.] 

0.0000 

0.0241 

0.0243 
0.0246 

0.0249 

0.0252 
0.0254 

0.0257 
0.0260 
0.0263 

0.0267 

0.0269 
0.0273 

0.0276 
0.0279 

0.0282 
0.0287 
0.0290 
0.0294 
0.0298 

0.0302 
0.0306 

0.0309 

0.0315 

0.0319 

0.0324 

0.0328 
0.0332 
0.0338 

0.0343 

0.0348 
0.0354 

0.0359 

0.0366 

0.0370 

0.0378 
0.0383 

0.0391 

0.0396

2.4067 1279 

2.4693 1245 

2.5353 1211 

2.6048 1177 

2.6784 1144 

2.7562 1110 

2.8387 1076 

2.9264 1043 

3.0197 1009 

3.1192 975 

3.2256 941 

3.3396 908 

3.4620 874 

3.5940 840 

3.7365 807 

3.8910 773 

4.0590 739 
4.2425 705 

4.4437 672 

4.6654 638 

4.9109 604 

5.1843 571 

5.4907 537 
5.8367 503 

6.2304 469 

6.6827 436 

qdh 

in.] [Btu/min.] 

000 4381320 
024 4374717 

048 4368058 

073 4361320 

098 4354502 
123 4347608 

148 4340644 
174 4333591 

200 4326469 
226 4319274 

253 4311970 

280 4304606 

307 4297117 

335 4289566 
363 4281912 

391 4274178 
420 4266324 
449 4258376 
478 4250319 

508 4242161 
538 4233896 
569 4225509 

600 4217043 

631 4208420 
663 4199676 

695 4190807 

728 4181812 
761 4172714 

795 4163458 

829 4154063 

864 4144523 
900 4134815 

935 4124986 

972 4114952 

009 4104817 

047 4094456 
085 4083957 

124 4073252 

164 4062402

t 

2mi 

2.  

2.  

2.  

2.  

2.  

2.  
2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  
2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

2.  

3.  

3.  

3.  

3.  
3.

)C •3 
LE 
tS 

4 

C 
3 
6 
S 

5 
8 
C 
3 
6 
9 
2 
5 
8 
1 
4 
6 

2

0 302990 
3 300701 

6 298363 

9 295964 

2 293504 
4 290979 

7 288385 

0 285711 
3 282959 

6 280117 

9 277182 

2 274140 

5 270981 

8 267703 

0 264279 

3 260703 
6 256959 

9 253026 

2 248870 

5 244459 

8 239747 

1 234698 

4 229238 
6 223300 

9 216769 

2 209478 

esp 

[Btu) 

1. 19e+009 
1. 19e+009 

1. 19e+009 

1. 20e+009 

1.20e+009 
1.20e+009 

1.20e+009 
1.21e+009 

1.21e+009 
1.21e+009 

1.21e+009 

1.21e+009 
1.22e+009 

1.22e+009 
1.22e+009 

1. 22e+009 
1.23e+009 
1.23e+009 
1.23e+009 

1. 23e+009 
1. 24e+009 

1.24e+009 

1.24e+009 

1. 24e+009 
1.24e+009 

1.25e+009 

1.25e+009 
1.25e+009 

1.25e+009 

1.26e+009 
1.26e+009 

1.26e+009 

1.26e+009 

1.27e+009 

1.27e+009 

1. 27e+009 
1.27e+009 

1.28e+009 

1.28e+009

4990 
4884 

4778 

4670 

4562 
4453 

4343 

4233 

4122 

4009 

3896 

3783 

3668 
3552 

3436 

3318 

3200 
3080 

2959 

2837 

2715 

2591 

2465 
2339 

2211 

2082 

tsp 

[oF] 
173.7 
173.9 

174.1 

174.4 

174.6 
174.8 

175.1 
175.3 

175.5 
175.8 

176.0 

176.2 
176.5 

176.7 
177.0 

177.2 
177.4 
177.7 
177.9 

178.2 

178.4 

178.6 

178.9 

179.1 

179.4 

179.6 

179.9 

180.1 

180.4 

180.6 
180.9 

181.1 

181.4 

181.6 

181.9 

182.1 
182.4 

182.6 

182.9
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755 

745 

735 

725 

715 

705 
695 

685 
675 

665 

655 
645 

635 

625 
615 

605 

595 
585 

575 
565 

555 
545 

535 

525 
515 

505 

495 
485 
475 
465 

455 

445 
435 
425 

415 

405 
395 

385 
375 

365 
355 

345 
335 
325 

315 
305 

295 

285 
275 
265 

255 
245 
235 

225 

215 

205 

200 

195 

190 

185 

180 

175 

170 
165 

160 
155 

150 
145

3 .93e+008 

3.90e+008 

3. 88e+008 

3. 86e+008 

3.83e+008 

3 .81e+008 
3.78e+008 

3.76e+008 

3 .74e+008 
3 .71e+008 

3. 69e+008 

3.66e+008 
3. 64e+008 

3. 61e+008 

3 .59e+008 
3 .56e+008 

3 .54e+008 

3 .51e+008 
3.48e+008 

3.46e+008 

3.43e+008 
3 .41e+008 
3.38e+008 

3. 35e+008 

3.33e+008 

3.30e+008 
3 .27e+008 

3.24e+008 

3.22e+008 
3.19e+008 
3.16e+008 

3.13e+008 

3. 10e+008 
3. 07e+008 

3. 04e+008 

3. Ole+008 
2. 98e+008 

2. 95e+008 

2.92e+008 
2.89e+008 
2 .86e+008 

2.83e+008 

2.80e+008 
2.76e+008 
2.73e+008 

2.70e+008 
2.66e+008 

2.63e+008 

2. 59e+008 
2. 56e+008 
2.52e+008 

2 .48e+008 
2 44e+008 

2 .40e+008 

2. 36e+008 

2 32e+008 

2 .30e+008 

2. 28e+008 

2. 26e+008 

2. 24e+008 
2. 22e+008 

2.19e+008 
2. 17e+008 

2. 15e+008 

2. 12e+008 

2. 10e+008 

2.08e+008 
2.05e+008

2100.0 
2108.0 

2112.9 

2124.3 

2143.1 

2144.9 

2162.5 
2174.3 

2180.6 

2198.6 

2209.2 

2223.2 

2239.1 
2253.9 

2259.6 

2282.9 
2297.2 

2312.6 

2332.1 
2346.4 

2366.6 

2390.1 
2404.2 

2428.9 

2448.9 

2468.4 
2497.3 

2520.7 

2545.1 
2569.0 
2597.9 

2630.4 

2658.0 
2688.3 

2719.4 

2757.7 

2796.4 
2826.6 

2872.0 

2910.5 

2953.3 
3007.0 

3052.4 
3103.3 

3165.3 

3224.1 
3287.2 

3354.9 

3430.8 
3510.5 
3591.9 

3684.3 
3782.7 

3891.5 
4008.3 

4136.1 

2134.1 

2171.4 

2205.8 

2253.6 
2297.7 

2341.9 
2395.7 
2444.7 

2505.8 

2568.8 

2633.2 
2704.5

8477222 

8479330 

8481443 

8483567 

8485710 

8487855 

8490018 
8492192 

8494373 

8496571 

8498781 

8501004 

8503243 

8505497 

8507756 

8510039 

8512336 
8514649 

8516981 
8519328 

8521694 

8524084 
8526488 

8528917 

8531366 

8533835 
8536332 

8538853 

8541398 
8543967 
8546565 

8549195 

8551853 
8554541 

8557261 
8560019 

8562815 

8565642 
8568514 

8571424 

8574377 
8577384 
8580437 
8583540 
8586705 

8589930 
8593217 
8596572 

8600002 

8603513 
8607105 
8610789 
8614572 

8618463 
8622472 

8626608 

8628742 
8630913 

8633119 
8635373 
8637670 

8640012 
8642408 
8644853 

8647358 

8649927 

8652560 
8655265

0.0405 

0.0412 

0.0418 

0.0426 

0.0436 

0.0442 
0.0452 

0.0461 
0.0469 

0.0480 

0.0489 
0.0500 

0.0511 

0.0523 

0.0532 
0.0546 

0.0559 
0.0572 

0.0587 
0.0600 

0.0616 

0.0633 

0.0649 

0.0668 
0.0686 

0.0704 

0.0727 

0.0748 
0.0771 
0.0794 

0.0820 

0.0849 
0.0877 

0.0907 

0.0939 
0.0975 

0.1012 
0.1049 

0.1093 
0.1137 

0.1185 
0.1240 

0.1295 
0.1355 
0.1424 

0.1496 

0.1574 
0.1660 

0.1756 
0.1862 

0.1975 
0.2104 
0.2247 

0.2408 

0.2588 

0.2792 

0.1474 

0.1536 

0.1598 

0.1674 

0.1750 

0.1831 
0.1924 

0.2018 
0.2127 

0.2245 

0.2371 

0.2512

3.204 

3.246 

3.287 
3.330 

3.373 

3.418 
3.463 

3.509 
3.556 

3.604 

3.653 

3.703 
3.754 

3.806 

3.859 
3.914 

3.970 

4.027 
4.086 

4.146 

4.207 

4.271 
4.336 

4.402 

4.471 
4.541 

4.614 

4.689 

4.766 
4.845 

4.927 

5.012 
5.100 
5.191 
5.284 

5.382 
5.483 

5.588 

5.697 

5.811 
5.929 

6.053 
6.183 

6.318 
6.461 

6.610 
6.768 

6.934 
7.110 

7.296 
7.493 

7.704 
7.928 

8.169 

8.428 

8.707 

8.855 

9.008 

9.168 

9.335 
9.510 

9.694 

9.886 

10.088 

10.300 
10.525 

10.762 
11.013

4051314 
4040037 

4028582 

4016911 

4004975 

3992863 

3980479 

3967850 

3955000 

3941854 

3928448 

3914751 

3900745 

3886426 

3871842 
3856870 

3841557 
3829395 

3820936 
3812278 

3803392 
3794258 

3784903 

3775276 

3765387 

3755227 

3744747 

3733957 
3722840 
3711384 

3699553 

3687314 
3674671 
3661593 

3648057 

3634002 

3619402 

3604275 
3588511 

3572115 
3555028 

3539537 
3526654 

3513171 
3499002 

3484117 
3468452 

3451930 

3434452 
3415927 

3396271 
3375332 

3352973 

3332670 

3312514 

3290768 

3279287 

3267327 

3254880 

3241845 

3228214 

3213955 
3198972 

3184953 

3172496 
3159350 

3145466 

3130759

1.28e+009 
1.28e+009 

1.29e+009 

1.29e÷009 

1.29e+009 

1.29e+009 

1. 30e+009 

1. 30e+009 

1. 30e+009 

1.30e+009 

1.31e+009 

1.31e+009 

1.31e+009 

1.32e+009 

1.32e+009 

1.32e+009 
1.32e+009 

1. 33e+009 

1.33e+009 

1.33e+009 
1.33e+009 

1.34e+009 

1.34e+009 
1.34e+009 

1.35e+009 

1.35e+009 
1.35e+009 

1.36e+009 

1.36e+009 

1.36e+009 
1.36e+009 

1.37e+009 
1.37e+009 

1.37e+009 
1.38e+009 

1.38e+009 

1.38e+009 
1.39e+009 

1.39e+009 

1.39e+009 

1.40e+009 
1.40e+009 

1.41e+009 
1.41e+009 
1.41e+009 

1.42e+009 

1.42e+009 
1.43e+009 

1.43e+009 
1.43e+009 

1.44e+009 
1.44e+009 
1.45e+009 

1.45e+009 

1. 46e+009 

1.46e+009 

1.46e+009 

1. 47e+009 

1.47e+009 
1.47e+009 

1.47e+009 

1.48e+009 
1.48e+009 
1.48e+009 

1.49e+009 

1.49e+009 

1.49e+009 

1.50e+009

183.2 

183.4 
183.7 

183.9 

184.2 

184.5 

184.7 

185.0 
185.3 

185.6 

185.8 
186.1 

186.4 

186.7 

186.9 
187.2 

187.5 
187.8 

188.1 

188.4 
188.6 

188.9 

189.2 

189.5 
189.8 

190.1 

190.4 
190.8 

191.1 

191.4 

191.7 
192.0 
192.3 

192.7 

193.0 
193.3 

193.7 
194.0 

194.4 
194.7 

195.1 

195.5 
195.8 
196.2 

196.6 

197.0 
197.4 

197.8 

198.2 

198.6 
199.0 
199.5 

199.9 

200.4 
200.9 

201.4 

201.6 

201.9 

202.2 
202.4 

202.7 

203.0 

203.3 
203.5 

203.8 

204.1 

204.5 

204.8
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JAF-CALC-MISC-03116, RO,

140 2.03e+008 2784.6 8658049 0.2670 11.280 3115127 1.50e+009 205.1 

135 2.00e+008 2863.4 8660913 0.2837 11.564 3098516 1.50e+009 205.4 
130 1.98e+008 2953.5 8663866 0.3027 11.867 3080790 1.51e+009 205.8 

125 1.95e+008 3048.4 8666915 0.3236 12.190 3061840 1.51e+009 206.2 

120 1. 92e+008 3155.5 8670070 0.3475 12.538 3041496 1.51e+009 206.5 

115 1.89e+008 3274.0 8673344 0.3744 12.912 3019574 1.52e+009 206.9 

110 1.86e+008 3393.6 8676738 0.4036 13.316 2995940 1.52e+009 207.3 

105 1.83e+008 3540.2 8680278 0.4387 13.754 2970256 1.53e+009 207.7 

100 1.80e+008 3693.7 8683972 0.4776 14.232 2942289 1.53e+009 208.1 

95 1. 77e+008 3862.4 8687834 0.5222 14.754 2911712 1.53e+009 208.6 

90 1.74e+008 4052.4 8691887 0.5741 15.328 2883403 1.54e+009 209.1 

85 1.71e+008 4276.6 8696163 0.6362 15.965 2856427 1.54e+009 209.6 

80 1.67e+008 4533.1 8700696 0.7100 16.675 2826324 1.55e+009 210.1 

75 1.64e+008 4835.3 8705532 0.7995 17.474 2792425 1.56e+009 210.7 

70 1.60e+008 5172.7 8710704 0.9058 18.380 2754019 1.56e+009 211.3 

65 1.56e+008 5585.0 8716289 1.0393 19.419 2709951 1.57e+009 211.9 

60 1.52e+008 6064.3 8722354 1.2041 20.623 2664651 1.58e+009 212.6 
55 1.48e+008 6659.2 8729013 1.4171 22.040 2617647 1.58e+009 213.4 

50 1.43e+008 7420.5 8736433 1.7011 23.741 2561222 1.59e+009 214.2 

torus water level = 17.85 ft 

prpv trpv hfrpv hgrpv vfrpv vg-rpv wsrv mfrpv ng_rpv 

[psig] [OF] [Btu/lbm] [Btu/lbm] [ft3/lbm] [ft3/lbm] [lbm/min.] [ibm] [ibm) 
1145 562.88 566.16 1186.6 0.02217 0.3771 78190 532000 15300 
1135 561.79 564.74 1187.0 0.02213 0.3808 77515 530124 15309 

1125 560.70 563.31 1187.4 0.02210 0.3847 76841 528251 15314 

1115 559.60 561.87 1187.8 0.02206 0.3886 76167 526376 15316 
1105 558.49 560.42 1188.3 0.02202 0.3926 75493 524498 15315 
1095 557.37 558.97 1188.7 0.02199 0.3966 74819 522619 15312 

1085 556.24 557.51 1189.1 0.02195 0.4007 74144 520742 15305 
1075 555.11 556.04 1189.5 0.02192 0.4049 73470 518860 15295 
1065 553.97 554.57 1189.9 0.02188 0.4091 72796 516980 15283 

1055 552.82 553.09 1190.3 0.02184 0.4135 72122 515102 15268 

1045 551.66 551.60 1190.7 0.02181 0.4179 71447 513216 15250 
1035 550.50 550.11 1191.1 0.02177 0.4224 70773 511335 15229 
1025 549.32 548.60 1191.4 0.02173 0.4269 70099 509442 15205 

1015 548.14 547.09 1191.8 0.02170 0.4316 69425 507556 15179 

1005 546.95 545.57 1192.2 0.02166 0.4363 68751 505664 15150 

995 545.75 544.04 1192.6 0.02163 0.4412 68076 503775 15118 
985 544.54 542.51 1192.9 0.02159 0.4461 67402 501877 15083 

975 543.32 540.96 1193.3 0.02155 0.4511 66728 499979 15046 

965 542.10 539.40 1193.7 0.02152 0.4562 66054 498076 15007 
955 540.86 537.85 1194.0 0.02148 0.4615 65379 496171 14965 
945 539.61 536.27 1194.4 0.02145 0.4668 64705 494264 14920 

935 538.35 534.70 1194.7 0.02141 0.4722 64031 492352 14873 
925 537.09 533.11 1195.1 0.02137 0.4778 63357 490444 14823 

915 535.81 531.51 1195.4 0.02134 0.4834 62683 488524 14771 
905 534.52 529.90 1195.7 0.02130 0.4892 62008 486600 14716 
895 533.22 528.28 1196.1 0.02127 0.4951 61334 484671 14659 

885 531.91 526.65 1196.4 0.02123 0.5011 60660 482740 14600 
875 530.59 525.02 1196.7 0.02119 0.5072 59986 480810 14538 

865 529.26 523.37 1197.0 0.02116 0.5135 59311 478871 14474 

855 527.92 521.71 1197.3 0.02112 0.5199 58637 476927 14407 

845 526.56 520.04 1197.7 0.02109 0.5265 57963 474977 14338 

835 525.20 518.35 1198.0 0.02105 0.5332 57289 473019 14267 

825 523.82 516.66 1198.3 0.02101 0.5401 56614 471061 14194 

815 522.42 514.95 1198.5 0.02098 0.5471 55940 469088 14118 

805 521.02 513.24 1198.8 0.02094 0.5543 55266 467123 14040 
795 519.60 511.50 1199.1 0.02090 0.5617 54592 465138 13960 

785 518.16 509.76 1199.4 0.02087 0.5692 53918 463155 13878 
775 516.72 508.00 1199.7 0.02083 0.5769 53243 461159 13793 

765 515.26 506.24 1199.9 0.02080 0.5848 52569 459165 13706 

755 513.78 504.45 1200.2 0.02076 0.5929 51895 457153 13618 

745 512.30 502.65 1200.4 0.02072 0.6012 51221 455136 13527 

735 510.80 500.84 1200.7 0.02069 0.6097 50546 453117 13433 

725 509.28 499.01 1200.9 0.02065 0.6185 49872 451088 13338 
715 507.74 497.17 1201.2 0.02061 0.6275 49198 449042 13241
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705 
695 

685 

675 

665 
655 

645 

635 

625 

615 
605 

595 

585 
575 

565 

555 
545 

535 
525 

515 

505 

495 

485 
475 

465 

455 
445 

435 
425 

415 
405 

395 
385 

375 
365 
355 

345 

335 
325 
315 

305 
295 

285 
275 
265 

255 

245 
235 
225 
215 

205 

200 

195 

190 

185 
180 

175 
170 
165 

160 

155 

150 

145 

140 

135 

130 

125 

120

506.19 
504.62 
503.03 

501.43 

499.81 

498.17 

496.52 

494.84 
493.14 

491.43 

489.69 

487.93 

486.15 
484.35 

482.52 

480.66 

478.78 
476.88 

474.95 
472.99 

471.01 

468.99 

466.95 
464.87 

462.76 

460.61 
458.43 
456.21 

453.96 

451.67 
449.33 

446.95 

444.53 

442.06 
439.53 
436.96 

434.33 
431.65 

428.91 
426.10 

423.22 
420.27 

417.26 
414.16 

410.97 
407.70 

404.33 
400.87 
397.28 
393.59 

389.76 

387.79 
385.79 

383.76 

381.67 

379.56 

377.40 

375.19 
372.94 

370.64 
368.28 

365.87 

363.40 

360.87 

358.27 

355.61 

352.87 

350.06

495.31 
493.43 

491.54 

489.64 

487.71 
485.77 

483.81 

481.83 
479.83 

477.82 

475.78 

473.72 

471.64 

469.53 

467.40 

465.25 

463.07 
460.87 

458.64 

456.39 

454.11 
451.80 

449.45 
447.08 

444.68 

442.24 
439.76 
437.25 

434.69 

432.11 
429.48 

426.80 

424.09 
421.32 

418.51 
415.64 

412.72 
409.74 

406.71 
403.60 

400.43 

397.20 
393.89 
390.50 

387.01 

383.45 
379.79 
376.03 
372.15 
368.16 

364.04 

361.93 
359.78 

357.60 

355.38 

353.10 

350.80 

348.44 
346.04 

343.59 

341.09 

338.52 

335.91 

333.23 

330.48 

327.67 

324.78 

321.82

1201.4 
1201.6 

1201.8 

1202.1 

1202.3 

1202.5 

1202.7 

1202.8 
1203.0 

1203.2 

1203.4 
1203.5 

1203.7 

1203.8 
1203.9 

1204.1 

1204.2 
1204.3 

1204.4 

1204.5 
1204.5 

1204.6 

1204.7 

1204.7 
1204.8 

1204.8 

1204.8 
1204.8 

1204.8 

1204.8 
1204.7 

1204.7 
1204.6 

1204.5 
1204.4 
1204.3 

1204.1 
1204.0 

1203.8 
1203.6 

1203.4 
1203.1 

1202.9 
1202.6 

1202.3 

1201.9 
1201.5 
1201.1 
1200.6 
1200.1 

1199.6 

i199. 3 

1199.0 

1198.6 

1198.3 

1198.0 

1197.6 
1197.2 
1196.8 

1196.4 

1196.0 
1195.5 

1195.1 

1194.6 

1194.0 

1193.5 

1192.9 

1192.3

0.02058 

0.02054 

0.02050 

0.02047 

0.02043 
0.02039 

0.02036 

0.02032 
0.02028 

0.02024 

0.02021 

0.02017 

0.02013 

0.02009 
0.02005 

0.02002 

0.01998 
0.01994 

0.01990 

0.01986 

0.01982 

0.01978 

0.01974 

0.01970 
0.01966 

0.01962 

0.01958 
0.01954 

0.01950 
0.01946 

0.01942 

0.01938 
0.01934 

0.01929 
0.01925 
0.01921 
0.01916 

0.01912 

0.01908 
0.01903 

0.01899 

0.01894 
0.01889 
0.01885 

0.01880 

0.01875 
0.01870 
0.01865 
0.01860 
0.01855 

0.01849 

0.01847 

0.01844 

0.01841 

0.01839 

0.01836 

0.01833 
0.01830 
0.01827 

0.01824 

0.01821 

0.01818 

0.01815 

0.01812 

0.01809 

0.01806 

0.01802 

0.01799

0.6367 
0.6461 

0.6559 
0.6658 

0.6761 

0.6867 
0.6976 

0.7088 

0.7203 
0.7322 

0.7445 

0.7571 

0.7701 

0.7836 

0.7975 
0.8119 

0.8268 

0.8422 
0.8582 

0.8747 

0.8919 
0.9097 

0.9282 

0.9474 
0.9674 

0.9882 
1.0099 

1.0325 
1.0561 

1.0807 

1.1065 

1.1335 
1.1618 

1.1915 

1.2227 
1.2556 
1.2902 

1.3267 

1.3652 
1.4061 

1.4493 
1.4953 

1.5443 
1.5964 
1.6522 
1.7120 

1.7762 
1.8453 
1.9200 
2.0010 

2.0891 

2.1360 

2.1852 

2 2367 

2.2906 

2.3472 

2.4067 

2.4693 
2.5353 

2.6048 
2.6784 

2.7562 

2.8387 

2.9264 

3.0197 

3.1192 

3.2256 

3.3396

48524 

47850 

47175 
46501 

45827 

45153 
44478 

43804 

43130 
42456 

41782 

41107 

40433 

39759 
39085 
38410 

37736 

37062 
36388 

35714 

35039 

34365 

33691 

33017 

32342 
31668 

30994 
30320 

29646 

28971 
28297 

27623 
26949 

26274 

25600 

24926 
24252 
23578 

22903 

22229 
21555 

20881 

20206 
19532 
18858 

18184 

17510 
16835 
16161 
15487 

14813 

14476 
14138 

13801 

13464 
13127 

12790 

12453 
12116 

11779 

11442 

11104 

10767 

10430 

10093 

9756 

9419 

9082

446997 

444936 

442865 
440790 

438699 

436600 
434488 

432363 

430225 
428084 

425920 

423745 
421556 

419350 

417131 
414894 

412636 
410365 

408072 

405760 

403432 

401076 

398698 

396298 

393876 
391427 

388948 

386443 
383910 

381347 

378748 

376113 
373449 

370742 
367998 

365214 
362377 

359498 
356570 

353581 
350536 

347431 

344259 
341014 
337691 

334290 

330798 
327210 
323515 
319707 

315773 

313741 

311672 

309569 

307420 

305227 
302990 

300701 
298363 
295964 

293504 

290979 

288385 

285711 

282959 

280117 

277182 

274140

13141 
13039 

12936 
12830 

12722 

12613 
12501 

12387 

12271 

12153 

12033 

11911 
11788 

11662 

11534 
11404 
11273 

11139 
11004 

10866 

10727 
10585 

10442 

10297 

10150 
10001 

9850 

9697 
9542 

9385 

9226 

9065 
8902 

8738 

8571 
8402 
8231 

8058 

7883 
7706 

7527 

7346 

7162 
6977 
6789 
6598 

6406 

6211 
6014 

5814 

5612 

5510 
5408 

5304 

5200 

5096 

4990 

4884 
4778 

4670 
4562 

4453 

4343 

4233 

4122 

4009 

3896 

3783
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115 

110 

105 

100 

95 

90 

85 

80 

75 
70 

65 
60 

55 

50 

prpv 

[psig] 
1145 

1135 

1125 
1115 

1105 

1095 

1085 
1075 

1065 
1055 

1045 

1035 
1025 

1015 
1005 

995 
985 

975 
965 

955 
945 

935 
925 
915 

905 

895 
885 

875 
865 

855 

845 

835 
825 

815 
805 
795 

785 
775 

765 

755 

745 

735 
725 

715 

705 

695 

685 
675 
665 

655 
645

347.15 3 

344.17 3 

341.08 3 

337.89 3 

334.59 3 

331.16 3 

327.60 2 

323.90 2 

320.04 2 

316.01 2 

311.78 2 

307.33 2 

302.64 2 

297.67 2 

erpv 

(Btu] 
4 .79e+008 

4.77e+008 

4.75e+008 
4.73e+008 
4.71e+008 

4. 69e+008 

4.66e+008 
4. 64e+008 

4.62e+008 

4.60e+008 
4. 58e+008 

4 .56e+008 
4 .54e+008 

4.51e+008 
4.49e+008 
4.47e+008 

4.45e+008 

4.43e+008 
4.40e+008 

4.38e+008 

4.36e+008 
4.34e+008 
4. 32e+008 

4.29e+008 

4.27e+008 
4.2Se+008 
4.23e+008 

4 .20e+008 
4. 18e+008 

4.16e+008 

4. 14e+008 

4. lle+008 

4. 09e+008 
4.07e+008 

4. 04e+008 
4.02e+008 

4. 00e+008 
3. 98e+008 

3.95e+008 

3.93e+008 

3.90e+008 

3.88e+008 

3.86e+008 

3.83e+008 

3.81e+008 

3 .78e+008 

3.76e+008 
3 .74e+008 
3 .71e+008 

3 .69e+008 
3 .66e+008

3.4620 
3. 5940 

3.7365 
3.8910 

4.0590 

4.2425 

4.4437 

4.6654 
4.9109 

5.1843 

5.4907 

5.8367 

6.2304 

6.6827

18.76 1 
15.63 1 

12.39 1 
09.05 1 

05.59 1 

02.02 1 

98.31 1 

94.46 1 

90.44 1 

86.26 1 

81.88 1 

77.28 1 
72.44 3 

67.31 1 

dmg_srv 
[ibm] 

0.0 

1867.9 

1867.4 

1872.9 

1878.3 
1882.5 

1884.3 
1891.2 

1892.1 

1893.8 

1904.5 
1902.0 
1915.9 

1913.2 

1920.4 
1921.6 
1931.8 

1935.5 

1942.2 
1946.6 

1951.7 

1959.8 

1957.6 
1972.5 
1978.8 

1985.1 
1991.3 
1991.7 

2003.5 

2010.5 

2018.1 

2029.6 

2030.8 
2048.4 

2044.1 
2064.3 
2065.8 

2080.1 

2081.6 

2100.0 

2108.0 

2112.9 

2124.3 

2143.1 

2144.9 
2162.5 

2174.3 

2180.6 
2198.6 

2209.2 

2223.2

8745 
8408 

8070 

7733 

7396 

7059 

6722 

6385 

6048 
5711 

5374 

5036 

4699 

4362

.191.7 

.191.0 

.190.3 

.189.6 

.188.8 

.188.0 

.187.1 

.186.2 

.185.2 

.184.1 

.183.0 

.181.8 

.180.5 

.179.1 

mfsp 

(ibm] 

8903894 

8905762 

8907630 

8909503 

8911381 
8913263 

8915148 
8917039 

8918931 

8920825 

8922729 

8924631 
8926547 

8928460 
8930381 

8932302 
8934234 

8936169 
8938112 

8940058 
8942010 

8943970 

8945927 
8947900 

8949879 
8951864 
8953855 

8955847 

8957850 
8959861 

8961879 

8963908 
8965939 

8967988 
8970032 

8972096 
8974162 
8976242 

8978324 

8980424 

8982532 

8984645 
8986769 

8988912 

8991057 
8993219 

8995394 
8997574 
8999773 

9001982 

9004205

0.01796 
0.01792 

0.01789 

0.01785 

0.01781 

0.01778 

0.01774 
0.01770 

0.01766 

0.01761 
0.01757 

0.01753 

0.01748 

0.01743 

dt 
[min.] 

0.0000 

0.0241 
0.0243 

0.0246 

0.0249 

0.0252 
0.0254 

0.0257 

0.0260 
0.0263 

0.0267 
0.0269 

0.0273 
0.0276 

0.0279 
0.0282 

0.0287 
0.0290 

0.0294 

0.0298 
0.0302 

0.0306 

0.0309 
0.0315 
0.0319 

0.0324 
0.0328 
0.0332 

0.0338 

0.0343 

0.0348 

0.0354 
0.0359 
0.0366 

0.0370 

0.0378 
0.0383 
0.0391 

0.0396 

0.0405 

0.0412 

0.0418 

0.0426 

0.0436 

0.0442 
0.0452 

0.0461 

0.0469 
0.0480 

0.0489 

0.0500

t 
[min. ] 
2. 000 

2.024 

2. 048 

2.073 
2.098 

2.123 

2.148 
2.174 

2.200 

2.226 
2.253 

2.280 
2.307 

2.335 
2.363 

2.391 
2.420 

2.449 
2.478 

2.508 

2.538 

2.569 
2.600 

2.631 
2.663 

2.695 
2.728 
2.761 

2.795 

2.829 

2.864 

2.900 

2.935 

2.972 
3.009 

3.047 

3.085 
3.124 

3.164 

3.204 

3.246 

3.287 

3.330 

3.373 

3.418 

3.463 
3.509 

3.556 
3.604 

3.653 

3.703

qdh 
(Btu/min.] 

4381320 
4374717 
4368058 
4361320 
4354502 
4347608 
4340644 
4333591 
4326469 
4319274 
4311970 
4304606 
4297117 
4289566 
4281912 
4274178 
4266324 
4258376 
4250319 
4242161 
4233896 
4225509 
4217043 
4208420 
4199676 
4190807 
4181812 
4172714 
4163458 
4154063 
4144523 
4134815 
4124986 
4114952 
4104817 
4094456 
4083957 
4073252 
4062402 
4051314 
4040037 
4028582 
4016911 
4004975 
3992863 
3980479 
3967850 
3955000 
3941854 
3928448 
3914751

270981 
267703 

264279 

260703 

256959 

253026 

248870 

244459 

239747 

234698 
229238 

223300 

216769 

209478 

esp 
[Btu) 

1. 17e+009 

1. 17e+009 
1. 17e+009 

1. 17e÷009 

1.18e+009 
1. 18e+009 

1. 18e+009 
1. 18e+009 

1. 19e+009 

1. 19e+009 

1.19e+009 

1. 19e+009 
1. 19e+009 

1.20e÷009 
1.20e÷009 

1. 20e+009 
1. 20e+009 

1.21e+009 
1.21e+009 

1.21e+009 

1. 21e+009 

1.21e+009 

1. 22e+009 
1. 22e+009 
1.22e+009 
1.22e+009 
1. 23e+009 
1.23e+009 

1.23e+009 

1. 23e+009 

1. 24e+009 

1. 24e+009 

1. 24e+009 

1. 24e+009 
1.25e+009 
1. 25e+009 

1.25e+009 
1. 25e+009 

1.26e+009 
1.26e+009 

1.26e+009 

1.26e+009 

1.27e+009 

1.27e+009 
1.27e+009 

1.27e+009 

1.28e+009 

1.28e+009 
1.28e+009 

1.28e+009 

1.29e+009

3668 
3552 

3436 

3318 

3200 

3080 

2959 
2837 

2715 

2591 
2465 

2339 

2211 

2082 

tsp 

[OF) 
163.1 

163 .3 

163.5 

163.7 

164.0 

164.2 

164.4 
164.6 

164.9 

165.1 

165.3 

165.5 

165.8 

166.0 

166.2 

166.4 
166.7 

166.9 

167.1 

167.4 
167.6 

167.8 

168.1 
168.3 

168.5 
168.8 
169.0 
169.2 

169.5 
169.7 

170.0 

170.2 
170.4 

170.7 

170.9 
171.2 
171.4 

171.6 

171.9 
172.1 

172.4 

172.6 

172 .9 

173 .1 

173.4 

173.7 

173.9 

174.2 

174.4 

174.7 

174.9



JAF-CALC-MISC-03116, RO,

635 

625 

615 

605 

595 

585 
575 

565 

555 

545 

535 
525 

515 

505 

495 
485 

475 
465 

455 

445 

435 
425 

415 

405 
395 

385 

375 
365 

355 
345 

335 
325 
315 

305 
295 

285 
275 
265 

255 

245 
235 

225 

215 
205 
200 
195 

190 
185 
180 

175 
170 

165 
160 

155 

150 
145 

140 

135 
130 
125 

120 

115 
110 

105 

100 

95 

90 

85

3.64e+008 

3 .61e+008 

3.59e+008 

3.56e+008 

3. 54e+008 

3. S1e+008 

3 .48e+008 

3 .46e+008 

3 .43e+008 

3 .41e+008 

3 .38e+008 

3.35e+008 

3.33e+008 

3. 30e+008 

3 .27e+008 
3.24e+008 

3.22e+008 

3.19e+008 
3.16e+008 

3. 13e+008 

3. 10e+008 

3.07e+008 
3 .04e+008 

3 .01e+008 

2. 98e+008 
2. 95e+008 

2. 92e+008 
2. 89e+008 

2. 86e+008 

2. 83e+008 

2 .80e+008 
2. 76e+008 
2 73e+008 

2. 70e+008 
2. 66e+008 

2. 63e+008 
2. 59e+008 

2. 56e+008 

2.52e+008 

2 .48e+008 
2.44e+008 

2.40e+008 

2.36e+008 
2.32e+008 

2.30e+008 
2.28e+008 
2.26e+008 
2.24e+008 
2.22e+008 

2. 19e+008 

2.17e+008 

2.15e+008 

2.12e+008 

2.10e+008 

2.08e+008 

2. 05e+008 
2.03e+008 

2.00e+008 

1. 98e+008 

1. 95e+008 

1. 92e+008 

1. 89e+008 
1. 86e+008 

1. 83e+008 

1. 80e+008 
1. 77e+008 

1. 74e+008 
1. 71e+008

2239.1 
2253.9 

2259.6 

2282.9 

2297.2 

2312.6 

2332.1 
2346.4 

2366.6 

2390.1 
2404.2 

2428.9 

2448.9 
2468.4 

2497.3 

2520.7 

2545.1 

2569.0 

2597.9 
2630.4 

2658.0 

2688.3 
2719.4 

2757.7 
2796.4 

2826.6 
2872.0 

2910.5 

2953.3 
3007.0 

3052.4 

3103.3 
3165.3 

3224.1 
3287.2 
3354.9 

3430.8 

3510.5 
3591.9 

3684.3 

3782.7 
3891.5 

4008.3 
4136.1 

2134.1 

2171.4 
2205.8 
2253.6 

2297.7 
2341.9 

2395.7 
2444.7 

2505.8 

2568.8 

2633.2 

2704.5 

2784.6 
2863.4 

2953.5 

3048.4 

3155.5 

3274.0 
3393.6 

3540.2 

3693.7 

3862.4 

4052.4 

4276.6

9006444 

9008698 
9010958 

9013241 

9015538 
9017851 

9020183 

9022529 
9024896 

9027286 

9029690 
9032119 

9034568 

9037036 
9039533 

9042054 

9044599 

9047168 

9049766 
9052397 

9055055 

9057743 

9060462 

9063220 
9066016 

9068843 

9071715 

9074626 
9077579 

9080586 

9083638 

9086742 
9089907 

9093131 

9096418 
9099773 

9103204 
9106714 

9110306 

9113991 
9117773 

9121665 

9125673 
9129809 

9131943 
9134115 

9136321 
9138574 
9140872 

9143214 

9145609 
9148054 

9150560 

9153129 
9155762 

9158466 

9161251 

9164114 
9167068 

9170116 

9173272 

9176546 

9179939 

9183479 

9187173 

9191036 

9195088 
9199365

0.0511 
0.0523 

0.0532 
0.0546 

0.0559 

0.0572 

0.0587 

0.0600 

0.0616 

0.0633 

0.0649 

0.0668 
0.0686 

0.0704 

0.0727 
0.0748 

0.0771 

0 0794 
0.0820 

0.0849 

0.0877 
0.0907 

0.0939 

0.0975 

0.1012 
0.1049 

0.1093 

0.1137 
0.1185 

0.1240 

0.1295 

0.1355 
0.1424 

0.1496 

0.1574 

0.1660 
0.1756 

0.1862 

0.1975 

0.2104 
0.2247 

0.2408 

0.2588 
0.2792 
0.1474 

0.1536 

0.1598 
0.1674 

0.1750 
0.1831 

0.1924 

0.2018 

0. 2127 

0.2245 

0.2371 
0.2512 

0.2670 

0.2837 
0.3027 

0.3236 

0.3475 

0.3744 

0.4036 

0.4387 
0.4776 

0.5222 

0.5741 

0.6362

3.754 
3.806 
3.859 

3.914 
3.970 

4.027 

4.086 
4.146 

4.207 

4.271 

4.336 

4.402 

4.471 

4.541 
4.614 

4.689 

4.766 
4.845 

4.927 
5.012 

5.100 

5.191 
5.284 

5.382 

5.483 

5.588 
5.697 
5.811 

5.929 

6.053 

6.183 

6.318 

6.461 
6.610 

6.768 

6.934 
7.110 
7.296 

7.493 

7.704 

7.928 

8.169 

8.428 

8.707 

8.855 

9.008 

9.168 

9.335 
9.510 

9.694 

9.886 

10.088 

10.300 

10.525 

10.762 
11.013 
11.280 

11.564 
11.867 
12.190 

12.538 

12.912 
13.316 

13.754 

14.232 
14.754 

15.328 
15.965

3900745 
3886426 

3871842 

3856870 

3841557 
3829395 

3820936 

3812278 

3803392 

3794258 

3784903 

3775276 

3765387 

3755227 

3744747 

3733957 
3722840 

3711384 

3699553 

3687314 
3674671 

3661593 

3648057 
3634002 
3619402 

3604275 

3588511 
3572115 

3555028 

3539537 
3526654 

3513171 
3499002 

3484117 
3468452 

3451930 
3434452 

3415927 
3396271 

3375332 

3352973 

3332670 
3312514 
3290768 

3279287 
3267327 
3254880 
3241845 

3228214 
3213955 

3198972 

3184953 

3172496 
3159350 

3145466 
3130759 

3115127 
3098516 

3080790 

3061840 
3041496 

3019574 

2995940 

2970256 

2942289 

2911712 

2883403 

2856427

1.29e+009 
1.29e+009 

1.30e+009 

1.30e+009 

1.30e+009 

1.30e+009 
1.31e+009 

1.31e+009 
1.31e+009 

1.31e+009 

1.32e+009 

1.32e+009 

1.32e+009 

1.33e+009 
1.33e+009 

1.33e+009 

1.34e+009 

1.34e+009 

1.34e+009 

1.35e+009 

1.35e+009 

1.35e+009 

1.35e+009 

1.36e+009 
1.36e+009 

1.36e+009 

1.37e+009 
1.37e+009 
1.38e+009 

1.38e+009 

1.38e+009 
1.39e+009 

1.39e+009 

1.39e+009 
1.40e+009 
1.40e+009 

1.41e+009 

1.41e+009 
1.41e+009 
1.42e+009 

1.42e+009 

1.43e+009 
1.43e+009 
1.44e+009 

1.44e+009 
1.44e+009 

1.45e+009 
1.45e+009 

1.45e+009 
1.45e+009 

1.46e+009 
1.46e+009 

1.46e+009 

1.47e+009 
1.47e+009 

1.47e+009 

1.48e+009 
1.48e+009 
1.48e+009 

1.49e+009 

1.49e+009 

1.49e+009 

1.50e+009 

1.SOe+009 

1.51e+009 

1.51e+009 

1.52e+009 
1.52e+009

175.2 
175.5 
175.7 
176.0 
176.3 

176.5 
176.8 
177.1 
177.4 
177.7 
177.9 

178.2 
178.5 
178.8 
179.1 
179.4 

179.7 

180.0 
180.3 
180.6 
180.9 
181.2 
181.5 
181.9 

182.2 
182.5 

182.8 
183.2 

183.5 
183.9 

184.2 

184.6 
185.0 

185.3 

185.7 
186.1 
186.5 

186.9 

187.3 
187.7 

188.2 

188.6 

189.1 
189.5 
189.8 

190.0 

190.3 
190.5 
190.8 

191.1 

191.3 

191.6 

191.9 

192.2 
192.5 

192.8 

193.1 

193.4 
193.8 

194.1 

194.5 

194.8 

195.2 

195.6 
196.0 

196.4 

196.9 

197.4
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80 1.67e+008 4533.1 9203898 0.7100 16.675 2826324 1.53e+009 197.9 

75 1.64e+008 4835.3 9208733 0.7995 17.474 2792425 1.53e+009 198.4 
70 1.60e+008 5172.7 9213906 0.9058 18.380 2754019 1.54e+003 199.0 
65 1.56e+008 5585.0 9219491 1.0393 19.419 2709951 1.55e+009 199.6 
60 1.52e+008 6064.3 9225555 1.2041 20.623 2664651 1.55e+009 200.3 
55 1.48e+008 6659.2 9232214 1.4171 22.040 2617647 1.56e+009 201.0 

50 1.43e+008 7420.5 9239635 1.7011 23.741 2561222 1.57e+009 201.8 

Boron related parameters, intermediate results: 

fblO_nat wt = 0.1831 
fbll_slc = 0.6530 

fbl0 slc wt = 0.3257 
deltatk_lvl = 0.8230 %/in.  
SLC tank surface area: 63.194 ft2 
vf slc = 0.01609 ft3/lbm 
xb cld = 371.0275 ppm 
delta tk cld = 55.40 in.  
xb hot = 293.4490 ppm 
delta tk hot = 26.04 in.  
wb = 7.609 Ibm/min.  
t hsbw = 0.342 hr 
hf cst = 95.49 Btu/Ibm 

hg-srv = 1186.6 Btu/Ibm 
tsp_hctllimi = 168.60F 
mf_splco = 6584924 lbm 
z1 = 4.324 

PSP calculation, intermediate results: 

wlsplim = 9.58 ft 

pgdw = 2.537 psia 
pgsc = 1.275 psia 
pndwdw = 12.58 psia 
pnscsc = 12.70 psia 
vf flood = 0.0160 ft3/lbm 
dpsp dwlsp = 0.4335 psi/ft 

wlsp vsc air pnscdw dpsc dtsc tsphctll tsp hctl_2 pghp pglp pschp_l 

(ft] [ft3] (psia] [psia/°R] (OF] )[F] [psia] fpsia] [psig] 

9.58 154763 14.33 0.0483 136.2 220.0 2.62 17.19 16.70 

10.00 150890 14.70 0.0490 140.9 220.0 2.96 17.19 17.66 
11.00 141436 15.68 0.0507 150.3 220.0 3.75 17.19 19.99 
12.00 131960 16.81 0.0527 157.9 220.0 4.51 17.19 22.37 
13.00 122200 18.15 0.0551 164.1 220.0 5.22 17.19 24.90 
13.88 113603 19.53 0.0576 168.6 220.0 5.80 17.19 27.27 
14.00 112428 19.73 0.0579 169.1 220.0 5.87 17.19 27.61 

15.00 102119 21.72 0.0615 173.3 220.0 6.46 17.19 30.69 

16.00 92820 23.90 0.0654 176.7 220.0 6.98 17.19 33.89 
17.00 83463 26.58 0.0702 173.7 214.2 6-52 15.35 36.26 

17.85 75334 29.45 0.0753 163.1 201.8 5.10 11.96 37.30 

wlsp z1 ppc lima psc_hp_2 psc-srv psclim hf tap 
(ft] [psig] (psig] Epsig] [psig] [ft] 

9.58 0.88 62.00 69.50 45.05 16.70 0.00 

10.00 0.88 62.00 70.25 44.86 17.66 0.00 

11.00 0.90 62.00 71.87 44.43 19.99 0.00 

12.00 0.91 62.00 73.29 44.00 22.37 0.00 

13.00 0.92 62.00 74.53 43.56 24.90 0.00 
13.88 0.92 62.00 75.51 43.18 27.27 0.00 

14.00 0.93 62.00 75.64 43.13 27.61 0.00 
15.00 0.93 62.00 76.58 42.70 30.69 0.00 
16.00 0.94 62.00 77.40 42.26 33.89 0.00 

17.00 0.94 62.00 78.88 41.83 36.26 0.00 
17.85 0.94 62.00 80.75 41.46 37.30 0.00

Drywell spray calculation intermediate results:

Att. 30 p. 48



JAF-CALC-MISC-03116, RO, Att. 30 p. 49

pndwdw = 16.65 psia 
pg_sc = 0.34 psia 
pndw_sc = 13.83 psia 
dtdw dpdw = 18.4 OR/psia 

pressure at intersection = 28.02 psig 
temperature at intersection = 324.8 0 F 

Tdw scram values: 
pdw tdwscram 

[psig] [IF] 
2.7 34.5 
3.0 43.0 
4.0 113.1 
5.0 173.4 
6.0 230.6 
7.0 287.7 
8.0 345.4 
9.0 404.6 

10.0 465.4 
11.0 528.1 
11.2 540.9 

Tdwcap values: 
pdw tdw cap 

[psig] [OF] 
12.0 520.4 
13.0 497.4 
14.0 477.0 
15.0 458.7 
16.0 442.3 
17.0 427.4 
18.0 413.8 
19.0 401.5 
20.0 390.1 
21.0 379.7 
22.0 370.1 
23.0 361.1 
24.0 352.9 
25.0 345.2 
26.0 338.0 
27.0 331.2 
28.0 324.9 
29.0 319.0 
30.0 313.4 
31.0 308.1 
32.0 303.2 
33.0 298.5 
34.0 294.0 
35.0 289.8 
36.0 285.8 
37.0 281.9 
38.0 278.3 
39.0 274.8 
40.0 271.5 
41.0 268.4 
42.0 265.3 
43.0 262.4 
44.0 259.7 
45.0 257.0 
46.0 254.4 
47.0 252.0 
48.0 249.6 
49.0 247.3 
50.0 245.1 
51.0 243.0 
52.0 241.0
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53.0 
54.0 
55.0 

56.0 

57.0 
58.0 

59.0 

60.0 

Tdw min 
pdw 

[psig] 

0.0 
1.0 

2.0 

3.0 
4.0 

5.0 

6.0 
7.0 

8.0 

9.0 

10.0 
11.0 

12.0 

13.0 

14.0 

15.0 

16.0 
17.0 
18.0 
19.0 

20.0 
21.0 

22.0 
23.0 

24.0 

25.0 
26.0 

27.0 

28.0 
29.0 
30.0 
31.0 
32.0 

33.0 

34.0 

35.0 

36.0 

37.0 
38.0 

39.0 
40.0 

41.0 
42.0 
43.0 

44.0 

45.0 

46.0 

47.0 
48.0 

49.0 

50.0 

51.0 

52.0 

53.0 

54.0

239.0 
237.1 

235.3 

233.5 

231.8 

230.2 

228.6 

227.0 

values: 

tdw min 
([F] 

-189.8 
-171.4 

-153.0 

-134.7 
-116.3 

-97.9 

-79.6 

-61.2 
-42.8 

-24.5 

-6.1 
12.2 
30.6 

49.0 

67.3 
85.7 

104.1 

122.4 
140.8 
159.1 
177.5 

195.9 

214.2 
232.6 
251.0 

269.3 
287.7 

306.0 

324.4 
342.8 
361.1 
379.5 
397.9 

416.2 

434.6 

453.0 

471.3 

489.7 
508.0 
526.4 

544.8 
563.1 
581.5 
599.9 

618.2 
636.6 
654.9 

673.3 
691.7 

710.0 
728.4 
746.8 

765.1 

783.5 

801.9
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55.0 820.2 
56.0 838.6 
57.0 856.9 
58.0 875.3 
59.0 893.7 

DWISL values: 
pdw dwisl 

[psig] [(F] 
2.7 34.5 
3.0 43.0 
4.0 113.1 
5.0 173.4 
6.0 230.6 
7.0 287.7 
8.0 345.4 
9.0 404.6 

10.0 465.4 
11.0 528.1 
11.2 540.9 
12.0 520.4 
13.0 497.4 
14.0 477.0 
15.0 458.7 
16.0 442.3 
17.0 427.4 
18.0 413.8 
19.0 401.5 
20.0 390.1 
21.0 379.7 
22.0 370.1 
23.0 361.1 
24.0 352.9 
25.0 345.2 
26.0 338.0 
27.0 331.2 
28.0 324.9 
28.0 324.8 
85.0 324.8 

MDRIR calculation intermediate results: 

vf_inj = 0.01675 ft3/lbm 

SCSIP calculation intermediate results: 

pgsc = 1.275 psia 
pg dw = 2.537 psia 
pnscsc = 12.698 psia 
pnscdw = 19.528 psia
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EOP calculation final results: 

Plant-specific input values: 

nbr fueltypes = 2 
nbrpc members = 5 
reactor product line: BWR/4 
containment type: Mark I 
c clad = 0.0761 Btu/ibm-*F 
c fuel = 0.0683 Btu/Ibm-OF 
dpdw_ww = 8.5 psid 
dpsrv = 28 psid 
number of drywell spray nozzles, header A: 263 
flow required for developed spray, header A: 20 gpm 
number of drywell spray nozzles, header B: 221 
flow required for developed spray, header B: 20 gpm 

fuel type fafl_15 fafl_18 
I%] [%I 

1 83.33 75 
2 83.33 75 

fblO_slc = 0.347 
hdco = 9.58 ft 

hring = 17.85 ft 
hsctap = 20.98 ft 
hspref = 0 ft 
hsrv = 65.91 ft 
hvent pc = 104.25 ft 

fuel type fuel length 
[in.] 

1 146 
2 150 

mclad = 109124 ibm 
mfrpv_cid = 895000 Ibm 
mfrpv hot = 532000 ibm 
mfuel = 249314 Ibm 
mgrpvhot = 15300 Ibm 
mrpv = 2.02e+006 ibm 
mrpv_taf = 959000 ibm 
nbuns = 560 
nsrvads = 7 

structure elevation material type strength basis pressure temperature 
(ft] [psig] [OF' 

torus 29.5 4 yield 108 300 
torus 0 4 yield ill 300 

drywell 85 4 yield 118 300 
drywell 50 4 yield 129 300 
torus 30.3 1 yield 120 350 

pdw-maxop = 1.95 psig 
pdw-minop = 1.2 psig 
pdwscram = 2.7 psig 
ppc_maxind = 85 psig 
ppcvent = 62 psig 
pqcode = 37.44 kpsi 
pqdes = 27.66 kpsi 
pqs_code = 36 kpsi 
pqsdes = 11.287 kpsi 
prpv_maxind = 1500 psig 
prpvtp = 1250 psig 
psc-maxop = 0.5 psig 
psc-minop = -0.5 psig 
psp_des = 56 psig 
psp_srv = 12.87 psig
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psrvlift = 1145 psig 
psrvname = 1080 psig 
psup srv = 110 psig 
ptp_code = 42 kpsi 
ptp_des = 22.5 kpsi 
ptps_code = 1.5 kpsi 
ptpsdes = 1 kpsi 
qrxrated = 2536 MWt 
slc tk dia = 8.97 ft 
slc tk lvlin span = 121.5 in.  
slc tk lvlout span = 100 % 
srv type: Target Rock, 2-Stage 

fuel type: 1 
t sd t-cu 15 

[min.] [min.] 
10 2.35 
30 3.15 
50 3.72 
80 4.33 

100 4.65 
500 6.85 

1000 8.27 
3000 11.57 
6000 14.87 

fuel type: 2 
t sd t cul15 

[min.] [min.] 
10 2.35 
30 3.15 
50 3.72 
80 4.33 

100 4.65 
500 6.85 

1000 8.27 
3000 11.57 
6000 14.87 

tcst = 125 0F 
tdw maxop = 135 0 F 
tdwmaxind = 440 0 F 
tdw-minop = 100 0 F 

tscmax = 220*F 
tsc maxop = 110°F 
tslc = 104 0F 
tspflood = 420F 
tspminop = 680F 
tspscram = 1100 F 
vdw = 176397 ft3 
vrpvtaf = 10300 ft3 
vsc dco = 154763 ft3 
vsc lco = 113603 ft3 

fuel type wg1500 
[lbm/hr] 

1 1260 
2 1260 

wlsp vsp vscair 
[ft] (ft3] [ft3] 
9.58 65339 154763 
10 69214 150890 
11 78589 141436 
12 88145 131960 
13 97840 122200 

13.88 106442 113603 
14 107619 112428
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15 117174 102119 
16 126432 92820 
17 135793 83463 
17.85 143927 75334 

spwl w1l 
[ft] (ft] 
13.88 0 
14.66 0.86 
15.5 8.12 
18.51 11.21 
29.5 42.79 

LPCI flow vs. RPV pressure: 
flow rpv_press 
[gpm] [psig] 
9628 0 
9000 26 
8000 65 
7000 99 
6000 126 
5000 149 
4000 166 
3000 182 
2000 195 

0 208 

CS flow vs. RPV pressure: 
flow rpv_press 
[gpm] [psig] 
6781 0 
6000 59 
5500 93 
5000 123 
4500 151 
4000 176 
3000 219 
2000 256 
1000 279 

0 295 

wlrpvbaf = -144 in.  
wlspmaxlco = 14 ft 
wlspminlco = 13.88 ft 
wlspsrv = 14 ft 
wlsptp = 14 ft 
wslc = 50 gpm 

wsrv name = 829000 Ibm/hr 
xb cld nat = 660 ppm 
xb hot nat = 522 ppm 
xb slc = 18320 ppm 

Generic input values: 

c steel = 0.128 Btu/ibm-OF 
dptpdprpv = 0.1 V/psig 
dptpdwll = 5 %/ft 
fblO nat = 0.1978 
fbll nat = 0.8022 
fqdh_10 = 0.022115 
fqdh_100 = 0.01118 
fqdh_2 = 0.030381 
k1 = 3.412e+006 Btu/hr-MWt 
k2 = 56868 Btu/min.-MWt 
k3 = 7.48 gal/ft3 
mblO = 10.01 

mbll = 11.01
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material type: 1 
temp fyield ftens 
(OF) 
70 1 1 

200 0.925 0.89 

400 0.81 0.72 

600 0.76 0.715 

material type: 2 

temp fyield ftens 
[*F] 
70 1 1 

200 0.79 0.87 

400 0.58 0.79 

600 0.53 0.76 

material type: 3 
temp fyield ftens 
[0F] 

70 1 1 
200 0.92 0.95 

400 0.95 1 

600 0.88 1 

material type: 4 

temp fyield ftens 

[OF] 
70 1 1 

200 0.94 0.96 

400 0.86 1 
600 0.77 1 

material type: 5 
temp fyield ftens 
[OF] 
70 1 1 

200 0.95 0.95 

400 0.86 1 
600 0.76 1 

time power 
[min.)] [%] 

2 3.038 
4 2.658 
6 2.458 
8 2.32 

10 2.212 
15 2.009 
20 1.862 
25 1.747 
30 1.653 
35 1.574 
40 1.507 
45 1.45 
50 1.4 
60 1.318 
90 1.155 

120 1.057 
150 0.9901 
200 0.9661 
300 0.8673 
450 0.7863 
600 0.7255 
900 0.6509 

1200 0.6002 
1500 0.5622 
1800 0.5311
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srv open = 50 psid 
tlimrdw = 545*F 
tlimsp = 350IF 

Maximum Pressure Suppression Primary Containment Water Level: 

mpspcwl = 17.85 ft 

Primary Containment Pressure Limits: 

wlpc pcpla pcpl c pcpl_a_eop pcpl c_eop 

[ft] [psig] [psig] [psig] [psig] 
0 62.0 62.0 62.0 62.0 
1 62.0 62.0 62.0 62.0 
2 62.0 62.0 62.0 62.0 
3 62.0 62.0 62.0 62.0 
4 62.0 62.0 62.0 62.0 
5 62.0 62.0 62.0 62.0 
6 62.0 62.0 62.0 62.0 
7 62.0 62.0 62.0 62.0 
8 62.0 62.0 62.0 62.0 

9 62.0 62.0 62.0 62.0 
10 62.0 62.0 62.0 62.0 
11 62.0 62.0 62.0 62.0 

12 62.0 62.0 62.0 62.0 
13 62.0 62.0 62.0 62.0 
14 62.0 62.0 62.0 62.0 

15 62.0 62.0 62.0 62.0 
16 62.0 62.0 62.0 62.0 
17 62.0 62.0 62.0 62.0 
18 62.0 62.0 62.0 62.0 
19 62.0 62.0 62.0 62.0 
20 62.0 62.0 62.0 62.0 
21 62.0 62.0 62.0 62.0 
22 62.4 62.4 62.4 62.4 
23 62.9 62.9 62.9 62.9 

24 63.3 63.3 63.3 63.3 
25 63.7 63.7 63.7 63.7 
26 64.2 64.2 64.2 64.2 

27 64.6 64.6 64.6 64.6 
28 65.0 65.0 65.0 65.0 
29 65.5 65.5 65.5 65.5 
30 65.9 65.9 65.9 65.9 
31 66.3 66.3 66.3 66.3 
32 66.8 66.8 66.8 66.8 
33 67.2 67.2 67.2 67.2 
34 67.6 67.6 67.6 67.6 
35 68.1 68.1 68.1 68.1 

36 68.5 68.5 68.5 68.5 
37 68.9 68.9 68.9 68.9 
38 69.4 69.4 69.4 69.4 
39 69.8 69.8 69.8 69.8 
40 70.2 70.2 70.2 70.2 
41 70.7 70.7 70.7 70.7 
42 71.1 71.1 71.1 71.1 
43 71.5 71.5 71.5 71.5 
44 72.0 72.0 72.0 72.0 
45 72.4 72.4 72.4 72.4 

46 72.8 72.8 72.8 72.8 
47 73.3 73.3 73.3 73.3 
48 73.7 73.7 73.7 73.7 

49 74.1 74.1 74.1 74.1 
50 74.6 74.6 74.6 74.6 
51 75.0 75.0 75.0 75.0 

52 75.4 75.4 75.4 75.4 
53 75.9 75.9 75.9 75.9 
54 76.3 76.3 76.3 76.3 

55 76.7 76.7 76.7 76.7
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56 77.2 77.2 77.2 77.2 
57 77.6 77.6 77.6 77.6 
58 78.0 78.0 78.0 78.0 
59 78.5 78.5 78.5 78.5 
60 78.9 78.9 78.9 78.9 
61 79.4 79.4 79.4 79.4 
62 79.8 79.8 79.8 79.8 
63 80.2 80.2 80.2 80.2 
64 80.7 80.7 80.7 80.7 
65 81.1 81.1 81.1 81.1 
66 81.5 81.5 81.5 81.5 
67 82.0 82.0 82.0 82.0 
68 82.4 82.4 82.4 82.4 

69 82.8 82.8 82.8 82.8 
70 83.3 83.3 83.3 83.3 

71 83.7 83.7 83.7 83.7 
72 84.1 84.1 84.1 84.1 
73 84.6 84.6 84.6 84.6 
74 85.0 85.0 85.0 85.0 
75 85.4 85.4 85.0 85.0 
76 85.9 85.9 85.0 85.0 
77 86.3 86.3 85.0 85.0 
78 86.7 86.7 85.0 85.0 
79 87.2 87.2 85.0 85.0 
80 87.6 87.6 85.0 85.0 
81 88.0 88.0 85.0 85.0 
82 88.5 88.5 85.0 85.0 
83 88.9 88.9 85.0 85.0 
84 89.3 89.3 85.0 85.0 
85 89.8 89.8 85.0 85.0 
86 90.2 90.2 85.0 85.0 
87 90.6 90.6 85.0 85.0 
88 91.1 91.1 85.0 85.0 
89 91.5 91.5 85.0 85.0 
90 91.9 91.9 85.0 85.0 
91 92.4 92.4 85.0 85.0 
92 92.8 92.8 85.0 85.0 
93 93.2 93.2 85.0 85.0 
94 93.7 93.7 85.0 85.0 
95 94.1 94.1 85.0 85.0 
96 94.5 94.5 85.0 85.0 
97 95.0 95.0 85.0 85.0 
98 95.4 95.4 85.0 85.0 
99 95.8 95.8 85.0 85.0 
100 96.3 96.3 85.0 85.0 
101 96.7 96.7 85.0 85.0 
102 97.1 97.1 85.0 85.0 

103 97.6 97.6 85.0 85.0 
104 98.0 98.0 85.0 85.0 
105 0.0 0.0 0.0 0.0 
106 0.0 0.0 0.0 0.0 

107 0.0 0.0 0.0 0.0 
108 0.0 0.0 0.0 0.0 
109 0.0 0.0 0.0 0.0 
110 0.0 0.0 0.0 0.0 
111 0.0 0.0 0.0 0.0 
112 0.0 0.0 0.0 0.0 
113 0.0 0.0 0.0 0.0 
114 0.0 0.0 0.0 0.0 
115 0.0 0.0 0.0 0.0 
116 0.0 0.0 0.0 0.0 
117 0.0 0.0 0.0 0.0 
118 0.0 0.0 0.0 0.0 
119 0.0 0.0 0.0 0.0 

SRV Tail Pipe Level Limit (for EOPs):

spwl pressure
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[ft] [psig] 
15.00 1500 
15.50 1286 

17.85 1165 
17.85 0 

0.00 0 

RPV variables, final results: 

Minimum Alternate RPV Flooding Pressure: 

nsrv marfp 
Epsig] 

1 857.4 
2 421.4 
3 276.0 
4 203.3 

5 159.7 

6 130.7 
7 109.9 

MNSRED = 5 

MRFP = 50 psig 

Minimum Core Flooding Interval: 

nsrv z2 mcfi 
[min.] 

5 68398 42.9 
6 120745 28.8 
7 173091 21.2 

Maximum Core Uncovery Time Limit: 

t sd t cul15 
[min.) [min.] 
21.2 2.80 
30.0 3.15 
50.0 3.72 
80.0 4.33 
100.0 4.65 
500.0 6.85 
1000.0 8.27 
3000.0 11.57 
6000.0 14.87 

MSCRWL = -19.005 in.  

MZIRWL = -31.5 in.  

Heat Capacity Temperature Limit: 

wlsp wlsp wlsp wlsp wlsp wlsp wlsp wlsp wlsp wlsp wlsp 

[ft] [ft] (ft) [ft] [ft] [ft] [ft] [ft] [ft] [ft] [ft] 

9.58 10.00 11.00 12.00 13.00 13.88 14.00 15.00 16.00 17.00 17.85 

prpv tsp tsp tsp tsp tsp tsp tsp tsp tsp tsp tsp 

[psig] (OF] [OF] [OF] (OF] (OF] [OF] [OF] [OF] [OF] (OF] [(F) 

1145 136.2 140.9 150.3 157.9 164.1 168.6 169.1 173.3 176.7 173.7 163.1 

1095 138.7 143.3 152.4 159.7 165.7 170.1 170.6 174.6 178.0 174.8 164.2 

1045 141.3 145.6 154.5 161.6 167.3 171.6 172.1 176.0 179.2 176.0 165.3 

995 143.8 148.0 156.6 163.4 169.0 173.1 173.6 177.4 180.5 177.2 166.4 

945 146.4 150.5 158.7 165.3 170.7 174.6 175.1 178.8 181.8 178.4 167.6 

895 149.0 152.9 160.8 167.2 172.4 176.2 176.7 180.2 183.1 179.6 168.8 

845 151.6 155.4 163.0 169.1 174.1 177.8 178.3 181.6 184.4 180.9 170.0 

795 154.3 157.9 165.2 171.1 175.9 179.4 179.8 183.1 185.8 182.1 171.2 

745 157.0 160.5 167.5 173.1 177.7 181.1 181.5 184.6 187.2 183.4 172.4 

695 159.8 163.1 169.8 175.1 179.5 182.7 183.1 186.1 188.6 184.7 173.7
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645 

595 
545 

495 

445 

395 

345 

295 
245 

200 

175 
150 

125 

100 

75 
50

162.7 

165.6 
168.6 

171.7 

175.0 
178.4 

182.1 

186.0 
190.4 

194.7 

197.5 
200.5 

203.9 

207.9 
212.9 

220.0

165.8 

168.6 

171.4 

174.4 

177.4 

180.7 

184.1 

187.9 

192.0 

196.1 

198.7 
201.5 

204.8 

208.6 
213.3 

220.0

172.1 
174.6 

177.1 
179.7 

182.4 

185.2 

188.3 

191.5 

195.2 

198.8 

201.1 
203.6 

206.5 

209.8 

214.1 

220.0

177.2 

179.4 

181.6 

183.9 

186.3 

188.9 

191.6 

194.5 

197.8 

201.0 

203.1 

205.3 

207.9 

210.9 

214.7 

220.0

Boron related values, final results: 

CSBW = 332.1 lbm

change 
HSBW = 
change

in tank level to inject CSBW = 45.6 % 

156.1 ibm 
in tank level to inject HSBW = 21.4 %

Boron Injection Initiation Temperature:

biit 
(OF) 

159.0 

159.0 
110.0 

110.0

Pressure Suppression Pressure:

psp 
[psig] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16.7 

17.7 

20.0 
22.4 

24.9 

27.3 

27.6 

30.7 

33.9 

36.3 

37.3 

0.0

Drywell spray related variable, final results: 

Drywell Spray Initiation Limit:

pdw 

[psig] 
2.7 
3.0 
4.0

dwsil 
[OF] 

34.5 

43.0 

113.1

:81.4 

1S5.3 

: 87.4 

:839.6 

:91.9 

94. 3 

:97. 0 
:99.9 

2)2.8 

2)4.7 
2)6.7 

2)9 .0 

211.8 
215.2 

220.0

184.5 

186.2 

188.1 

190.0 
192.0 

194.1 

196.4 

198.8 

201.5 

204.2 

205.9 
207.7 

209.9 

212.4 

215.5 

220.0

184.9 

186.6 

188.4 

190.3 
192.3 

194.4 

196.6 

199.0 

201.7 

204.3 

206.0 

207.9 

210.0 

212.5 

215.6 

220.0

187.7 

189.3 

191.0 

192.7 

194.5 

196.4 

198.5 

200.7 

203.1 

205.6 

207.1 

208.8 

210.8 

213.1 

215.9 

220.0

190.0 
191.5 

193.1 

194.7 

196.3 

198.1 

200.0 

202.1 

204.3 

206.6 
208.0 

209.6 

211.4 

213.6 

216.2 
220.0

186.1 
187.5 
188.9 

190.4 

192.0 
193.7 

195.5 

197.4 

199.5 

201.6 

203.0 
204.5 

206.2 

2)8.1 
210.7 

214.2

174.9 

176.3 

177.7 

179.1 

180.6 

182.2 

183 .9 

185.7 

187.7 

189.8 

191.1 

192.5 

194.1 

196.0 

198.4 

201.8

power 
MI] 

0.00 
2.21 

13.55 
20.00

wlsp 

[ft] 
1.00 

2.00 
3.00 
4.00 

5.00 

6.00 
7.00 
8.00 
9.00 
9.58 

10.00 

11.00 
12.00 

13.00 

13.88 

14.00 
15.00 

16.00 
17.00 

17.85 

18.00
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5.0 173.4 
6.0 230.6 
7.0 287.7 
8.0 345.4 
9.0 404.6 
9.6 440.0 

16.2 440.0 
17.0 427.4 
18.0 413.8 
19.0 401.5 
20.0 390.1 
21.0 379.7 
22.0 370.1 
23.0 361.1 
24.0 352.9 
25.0 345.2 
26.0 338.0 
27.0 331.2 
28.0 324.9 
28.0 324.8 
85.0 324.8 

MDSF = 5260 gpm 

Minimum Debris Retention Injection Rate: 

mdrir Cgpm] 
time rpv pressure 

(min.] 0 psig 500 psig 1000 psig 

2 565.6 730.2 847.5 
4 494.9 638.9 741.5 
6 457.6 590.8 685.7 
8 431.9 557.6 647.2 

10 411.8 531.7 617.1 
15 374.0 482.9 560.4 
20 346.7 447.5 519.4 
25 325.3 419.9 487.4 
30 307.8 397.3 461.1 

35 293.0 378.3 439.1 
40 280.6 362.2 420.4 

45 270.0 348.5 404.5 
50 260.7 336.5 390.6 
60 245.4 316.8 367.7 
90 215.0 277.6 322.2 

120 196.8 254.1 294.9 

150 184.3 238.0 276.2 
200 179.9 232.2 269.5 

300 161.5 208.5 241.9 
450 146.4 189.0 219.4 
600 135.1 174.4 202.4 
900 121.2 156.4 181.6 

1200 111.7 144.3 167.4 
1500 104.7 135.1 156.8 

1800 98.9 127.7 148.2 

Suppression Chamber Spray Initiation Pressure:

scsip = 15.10 psig

&-, ;%ZrL- -I- P- v
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RESIDUAL HEAT REMOVAL SYSTEM*

REVISION SUMMARY SHEET 

REV. NO. CHANGE AND REASON FOR CHANGE 

87 Changed position of the following RHR and RHRSW pump motor 
bearing oil drain and sample valves from "locked closed 
and capped" to "closed and capped" on valve lineup. This 
change reflects JAF-SE-89-042, Rev. 1: 

"* 10RHR-723A * 10RHR-723B 
"* 1ORHR-724A * 10RHR-724B 
"* 10RHR-723C 1ORHR-723D 
"* 10RHR-724C I lORHR-724D 
"* 10RHR-778A * 10RHR-778B 
"* 10RHR-779A * 10RHR-779B 
"* 10RHR-778C * 10RHR-778D 
* 10RHR-779C * 10RHR-779D 

86 Revised procedure to reflect Design Change JD-99-099 and 
Safety Evaluation JAF-SE-99-014. These documents 
implement administrative controls that prohibit use of the 
steam condensing mode unless directed by the EOPs. These 
documents also allow re-installation of the motor heaters 
for the subject valves. Changes affect Commitment A.2.2, 
and Attachments 1, 3A, and 3B. (PCR #17 dated 7/21/99) 

85 Added new Subsections G.3 and G.4 for continuous venting 
of RHR headers via sample sink line. Pressurization due 
to leakage past 10RHR-68A/B requires method to prevent 
lifting of header relief valves. Also changed normal 
position of 10RHR-780B to locked throttled on valve 
line-up to limit maximum flow to less than 0.5 gpm. (pcr 
dated 5/21/99) 

84 Revised procedure to reflect installation of Temp Mod 
98-120 and JAF-SE-98-052. Overload heaters are removed 
from IOMOV-21A and 21B. Affects Attachment 1, 3A and 3B.  

Incorporated TC dated 11/6/98 which added valves 1ORHR-440 
and 441 per Modification Ml-97-021.
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RESIDUAL HEAT REMOVAL SYSTEM* OP-13 

A. REQUIREMENTS 

A.1 Technical Specifications 

Sections 3.5.A, 3.5.B, 3.5.F, and 3.5.G 

A.2 Commitments 

A.2.1 JAFP-94-0228, Response to NRC Bulletin No. 93-02, 
Supplement 1, Debris Plugging of Emergency Core 
Cooling Suction Strainers. Added precaution to 
alert operators of the potential for ECCS suction 
strainer clogging and to adjust flow consistent 
with required needs to mitigate the clogging.  

A.2.2 JD-99-099, JAF-SE-99-014, Deselection of 
10MOV-21A&B from the JAF GL 89-10 Program.  
Deselecting valves from GL 89-10 requires that 
10MOV-21A & B can only be open when directed by 
EOPs or when Primary Containment is not required.  
Added precaution, note, and commitments to alert 
operators.  

A.3 Validation 

Revision 74 validated per ODSO-35.
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OP-13RESIDUAL HEAT REMOVAL SYSTEM*

B. SYSTEM DESCRIPTION 

Low Pressure Coolant Injection (LPCI) Mode 

LPCI is an integral part of the Residual Heat Removal (RHR) 
System. LPCI restores and maintains reactor pressure vessel 
(RPV) coolant inventory after a loss of coolant accident 
(LOCA) to prevent fuel clad temperatures from exceeding 
2200 0 F. Maintaining fuel clad temperatures less than 2200°F 
limits the energy release caused by a metal-water reaction.  
To achieve this goal, LPCI operates in conjunction with the 
following systems: 

"* High Pressure Coolant Injection System (HPCI) 
"* Automatic Depressurization System (ADS) 
"* Core Spray System 

LPCI auto-initiates upon low-low-low RPV water level 
(59.5 inches) or high drywell pressure (2.7 psig).  

During LPCI operation, RHR pumps take suction from the torus 
and discharge through the associated reactor water 
recirculation loop, and into the RPV. Coolant leaking from 
a loss of coolant break is contained by the drywell and 
returned to the torus through suppression vent lines and 
downcomers.  

RHR pump minimum flow protection is provided by a minimum 
flow valve in a minimum flow line from the RHR pump 
discharge header to the torus.  

RHR pump motors for 1OP-3A and 1OP-3B are powered from 
emergency AC Bus 10500. RHR pump motors for 1OP-3C and 
10P-3D are powered from emergency AC Bus 10600. Logic and 
control power for each LPCI loop is from a redundant vital 
DC bus, with the exception of logic and control power for 
RHR Pumps 1OP-3A and 1OP-3B, which is from 125 VDC System A, 
and logic and control power for RHR Pumps 1OP-3C and 1OP-3D, 
which is from 125 VDC System B.  

RHR service water flow through RHR heat exchangers is not 
required immediately after a LOCA because heat rejection 
from the primary containment is unnecessary during the time 
it takes to flood the reactor core.  

When the normal source of water from the torus is 
unavailable, RHR service water (RHRSW) can be pumped through 
a crosstie line into the RPV through LPCI injection lines.  

When torus water and RHR service water are unavailable, 
water from Fire Protection System pumps can be pumped 
through a hose into the RHRSW Loop A header, and into the 
RPV through LPCI A injection line.  
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RESIDUAL HEAT REMOVAL SYSTEM*

Containment Spray Mode 

The containment spray mode is an integral part of the RHR 
System. Containment sprays reduce drywell and torus 
pressure and mix primary containment atmosphere following a 
LOCA. Containment spray is manually initiated when directed 
by the Emergency Operating Procedures (EOPs). Interlocks 
prevent initiating containment spray before LPCI 
requirements are satisfied.  

During containment spray operation, RHR pumps take suction 
from the torus and discharge through RHR heat exchangers, 
where heat is transferred to RHR service water. The cooled 
water is then diverted to one or both of the following spray 
headers: 

"* Drywell spray header 

"* Torus spray header 

The spray in the drywell condenses steam to lower drywell 
pressure. The water collects on the bottom of the drywell 
until water level reaches the suppression vent lines, it 
then overflows and drains back to the torus.  

The spray in the torus air space cools non-condensable 
gases.
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RESIDUAL HEAT REMOVAL SYSTEM*

Reactor Isolation (Steam Condensing Mode) 

Steam Condensing Mode shall only be used when directed by 
Emergency Operating Procedures (EOPs). The reactor 
isolation (steam condensing) mode of RHR is a manually 
initiated mode of RHR used for controlling RPV pressure and 
level when the RPV is isolated with a subsequent loss of 
feedwater.  

When the RPV is isolated after power operation, main steam 
is relieved through main steam safety relief valves to the 
torus where it is condensed and subcooled. There is a limit 
to the amount of heat that can be safely added to the torus.  
Torus water temperature is normally maintained less than 
95 0 F. During testing specified in Technical Specifications, 
torus water temperature is allowed to reach 105 0 F. Torus 
water temperature greater than 95OF is an entry condition 
for EOP-4, Primary Containment Control.  

When in the steam condensing mode, heat is transferred to 
RHR service water using an RHR heat exchanger as a steam 
condenser. The steam is condensed and the condensate is 
drained to the torus or pumped into the RPV using RCIC.  

Reactor steam from the HPCI turbine steam supply line is 
reduced to operating pressure and then admitted to the shell 
side of an RHR heat exchanger. The steam is condensed and 
subcooled by RHR service water. The heat transfer rate 
across the tubes is determined by the condensate level in 
the shell side of the heat exchanger. Condensate level in 
the heat exchanger is maintained by a level controller that 
controls the flow of condensate to one of the following: 

"* Torus (by throttling a level control valve) 

"* RCIC pump suction (by controlling RCIC turbine speed) 

Operation of the RCIC turbine in the steam condensing mode 
is expected to raise torus water temperature at a rate of 
30F per hour. One to two hours after reactor shutdown, one 
RHR heat exchanger will have sufficient heat transfer 
capacity to remove decay heat. The other RHR loop will be 
placed in the torus cooling mode to remove the heat input 
from RCIC turbine operation.
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RESIDUAL HEAT REMOVAL SYSTEM*

Shutdown Cooling 

Shutdown cooling is a manually initiated mode of the RHR 
System that is placed in service during normal shutdown and 
cooldown.  

The initial phase of RPV cooldown is accomplished by 
discharging main steam to the main condenser through main 
turbine bypass valves.  

RPV cooldown is completed by aligning the RHR pump suction 
to the reactor water recirculation loop B suction line.  
Reactor coolant is pumped through an RHR heat exchanger and 
back to the RPV through a reactor water recirculation loop.  
Heat from the reactor coolant is transferred to RHR service 
water.  

Shutdown cooling is capable of reducing reactor coolant 
temperature to 125OF to permit reactor refueling and 
servicing. Based on power uprate, the time required to 
reach cold shutdown is 21 hours.  

Fuel Pool Cooling Assist Mode 

Fuel pool cooling assist is a manually initiated mode of 
RHR. The RHR System is used to remove heat from the spent 
fuel pool and reactor cavity when the Fuel Pool Cooling 
System has failed or the heat load is beyond its heat 
removal capacity.  

When in fuel pool cooling assist, the RHR pumps take suction 
from the fuel pool skimmer surge tanks through a suction 
crosstie, and discharge through the RHR heat exchanger and 
back to the spent fuel pool. Heat from the fuel pool water 
is transferred to RHR service water.  

Fuel pool cooling assist can only be placed in operation 
when the reactor is shutdown, as it prevents using RHR for 
LPCI or containment cooling.  
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RHRSW and RHR Keep-Full Systems 

RHRSW and RHR piping is maintained full by keep-full 
systems.  

RHRSW piping is maintained full using service water as the 
keep-full water supply. The service water is piped into 
RHRSW pump discharge piping upstream of the associated RHRSW 
pump discharge strainer. Keep-full sonic level switches and 
associated annunciators and EPIC alarms are provided for the 
RHRSW Loop A and RHRSW Loop B piping upstream of RHR heat 
exchangers.  

RHR piping is maintained full using one or both of the 
following keep-full systems: 

" Condensate transfer: There are four condensate transfer 
fill connections for RHR piping. Two of these 
connections can be used to maintain the RHR System piping 
upstream of 10MOV-27A and IOMOV-27B full. These two 
connections are referred to as RHR Loop A and RHR Loop B 
condensate transfer keep-full.  

" RHR Keep-Full Pumps 10P-2A and 1OP-2B: Each RHR loop has 
a keep-full pump. RHR keep-full pumps take suction from 
the RHR pump torus suction piping and discharge to the 
RHR pump discharge headers, upstream of the associated 
IOMOV-66A or 10MOV-66B, and through a minimum flow line 
to the torus.  

Keep-full sonic level switches and associated annunciators 
and EPIC alarms are provided for the following RHR System 
piping locations: 

"* LPCI A and B between 1OMOV-27A(B) and 10MOV-25A(B) 

"* Containment Spray A and B upstream of 10MOV-26A(B) 

"* Head spray piping (head spray is retired, however the 
head spray keep-full is operational).  
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RESIDUAL HEAT REMOVAL SYSTEM*

C. PLANT OPERATING REQUIREMENTS 

C.1 Prerequisites 

C.1.1 The following systems are lined up per the 
respective operating procedure for unrestricted 
operation of RHR: 

"* Condensate Transfer System per OP-5 

"* Reactor Core Isolation Cooling System per OP-19 

"• Emergency Service Water System per OP-21 

"* Recirculation System per OP-27 

"* Instrument Air per OP-39 

"* Reactor Building Closed Loop Cooling System 
per OP-40 

* Service Water System per OP-42 

0 125 VDC Power System per OP-43A 

* LPCI Independent Power Supply per OP-43C 

* 4160 V and 600 V Normal AC Power Distribution 
per OP-46A 

* 120 VAC Power System per OP-46B 

"* Liquid Radioactive Waste System per OP-49 

"* Equipment and Floor Drainage System per OP-50 

NOTE: Attachments 2A and 3A are for RHR Loop A.  
Attachments 2B and 3B are for RHR Loop B.  
Attachments 2C and 3C are for components that are 
common to RHR Loop A and B, such as shutdown 
cooling suction piping, fuel pool cooling assist 
piping, and RHR to RCIC piping.  

C.1.2 System valves are lined up per Attachment 2A, B, C, 
with exceptions approved by Shift Manager.  

C.1.3 System power supplies are lined up per 
Attachment 3A, B, C with exceptions approved by 
Shift Manager.
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RESIDUAL HEAT REMOVAL SYSTEM*

C.2 Precautions 

ICOMA.2.1 
C.2.1 Blockage of ECCS pump suction strainers could occur 

due to debris in the Torus. Within the latitude 
provided by EOPs to restore and maintain parameters 
within specified limits, potential mitigative 
actions may include: 

* Minimizing ECCS flow or removing affected 
ECCS pumps from service 

* Alternating ECCS pumps from one division 
to another, if available 

Shifting ECCS pump suction to another source, 
if available 

* Operation of alternate injection sources 

ICOMA.2.2 
C.2.2 10MOV-21A and 10MOV-21B shall only be opened when 

directed by EOPs or when primary containment is not 
required.  

C.2.3 RES Radiation Protection shall be notified before: 

"* RHR System piping is drained 

"* RHR System is started up in any mode of 
operation, unless an emergency exists 

C.2.4 Racking out an RHRSW pump breaker de-energizes the 
pump motor bearing cooling water SOV and will drain 
the RHRSW header. To prevent draining the RHRSW 
header, the bearing cooling water isolation valve 
shall be closed before racking out pump breaker.  

C.2.5 The RHR System shall not be filled by opening 
Torus Suction Valve 10MOV-13A, B, C, or D or 
Shutdown Cooling Suction Valve 10MOV-15A, B, C, 
or D.  

C.2.6 Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in 
parallel at flows less than 13000 gpm should be 
minimized to prevent high pump vibration.  

C.2.7 Running an RHR pump for greater than 10 minutes 
with only its minimum flow valve open could damage 
the pump.  
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C.2.8 An extremely large drain path exists from the RPV 
to the torus if either of the following conditions 
occur: 

" 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
and the associated 10MOV-13A, B, C, or D are 
open at the same time.  

" 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
are open and the associated RHR loop torus spray 
or torus cooling motor operated isolation valves 
are open.  

The following valves are interlocked to prevent 
establishing this drain path: 

"* 10MOV-15A, B, C, and D 

"* 10MOV-13A, B, C, and D 

"* IOMOV-39A and B 

These interlocks shall not be defeated unless 
system boundaries are isolated.  

C.2.9 Starting an RHR pump in an RHR loop that is not 
full could result in severe water hammer and 
equipment damage. RHR loop piping shall be full 
prior to manually starting an RHR pump in that 
loop.
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RESIDUAL HEAT REMOVAL SYSTEM* OP-13 

D. STARTUP 

Refer to the applicable procedure listed below: 

PROCEDURE NUMBER PROCEDURE TITLE 

OP-13A RHR - Low Pressure Coolant Injection* 

OP-13B RHR - Containment Control* 

OP-13C RHR Service Water* 

OP-13D RHR - Shutdown Cooling* 

OP-13E RHR - Keep-Full* 

OP-13F RHR - Fuel Pool Cooling Assist* 

NOTE: Entry into OP-13G will be directed by EOPs.  

OP-13G RHR - Steam Condensing*
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RESIDUAL HEAT REMOVAL SYSTEM* OP-13 

E. NORMAL OPERATION 

During normal plant operation, maintain RHR System in the 
following standby LPCI lineup: 

NOTE: Attachments 2A and 3A are for RHR Loop A.  
Attachments 2B and 3B are for RHR Loop B.  
Attachments 2C and 3C are for components that are 
common to RHR Loop A and B, such as shutdown 
cooling suction piping, fuel pool cooling assist 
piping, and RHR to RCIC piping.  

"* System valves lined up per Attachment 2A, B, C.  

"* System component power supplies lined up per 
Attachment 3A, B, C.  

"* Control Room indications, controls, and switches lined up 

per ODSO-4.  

"* Switches in North Cable Room positioned as follows: 

- IS-IPCIA07 (control circuit 
isolation switch for 10MOV-18) .. ...... .. In REMOTE 

- DS-IPCIA07 (power disconnect 
switch for 10MOV-18) ..... ......... .. Locked in OFF
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RESIDUAL HEAT REMOVAL SYSTEM* OP-13 

F. SHUTDOWN 

Refer to the applicable procedure listed below: 

PROCEDURE NUMBER PROCEDURE TITLE 

OP-13A RHR - Low Pressure Coolant Injection* 

OP-13B RHR - Containment Control* 

OP-13C RHR Service Water* 

OP-13D RHR - Shutdown Cooling* 

OP-13E RHR - Keep-Full* 

OP-13F RHR - Fuel Pool Cooling Assist* 

OP-13G RHR - Steam Condensing* 
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G. SPECIAL PROCEDURES 

TABLE OF CONTENTS 

SUBSECTION 

G.1 Venting RHR Loop A to Lower Header Pressure 

G.2 Venting RHR Loop B to Lower Header Pressure 

G.3 Continuous Venting of RHR Header A ........  

G.4 Continuous Venting of RHR Header B ........  

NOTE: For other special procedures, refer to the 

procedure listed below: 

PROCEDURE NUMBER PROCEDURE TIT: 

OP-13A RHR - Low Pressure Coo 

OP-13B RHR - Containment Cont 

OP-13C RHR Service Water* 

OP-13D RHR - Shutdown Cooling 

OP-13E RHR - Keep-Full* 

OP-13F RHR - Fuel Pool Coolin 

OP-13G RHR - Steam Condensing

PAGE 

17 

S. . .. . 17 

S. . .. . 18 

S. . .. . 20 

applicable 

LE 

lant Injection* 

rol* 

g* 

•g Assist* 

f*
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NOTE: Subsection G.1 is used when header is pressurizing for 

reasons such as leakage by 10RHR-68A or 10MOV-70A.  

G.1 Venting RHR Loop A to Lower Header Pressure 

G.l.1 Verify RHR Loop A is in the standby LPCI lineup.  

G.1.2 WHILE venting RHR Loop A, monitor pressure on RHR 
HDR PRESS LOOP A 10PI-120A.  

G.1.3 Open HX A INBD VENT VLV 10MOV-166A.  

G.1.4 Open HX A OUTBD VENT VLV 10MOV-167A.  

G.1.5 WHEN header pressure lowers to approximately 
60 psig, close the following valves: 

"* HX A INBD VENT VLV 10MOV-166A 

"* HX A OUTBD VENT VLV 1OMOV-167A 

G.1.6 Verify annunciator 09-3-1-18 RHR A OR B 
DISCH LINE NOT FULL is clear.  

NOTE: Subsection G.2 is used when header is pressurizing for 
reasons such as leakage by 10RHR-68B or 10MOV-70B.  

G.2 Venting RHR Loop B to Lower Header Pressure 

G.2.1 Verify RHR Loop B is in the standby LPCI lineup.  

G.2.2 WHILE venting RHR Loop B, monitor pressure on RHR 
HDR PRESS LOOP B 10PI-120B.  

G.2.3 Open HX B INBD VENT VLV 10MOV-166B.  

G.2.4 Open HX B OUTBD VENT VLV 10MOV-167B.  

G.2.5 WHEN header pressure lowers to approximately 
60 psig, close the following valves: 

"* HX B INBD VENT VLV 10MOV-166B 

"* HX B OUTBD VENT VLV 10MOV-167B 

G.2.6 Verify annunciator 09-3-1-18 RHR A OR B 
DISCH LINE NOT FULL is clear.  
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G.3 Continuous Venting of RHR Header A 

G.3.1 Verify RHR A Keepfull System is in service per 
OP-13E with either 1OP-2A or Condensate Transfer.  

NOTE: The continuous venting lineup may need to be 
secured during sampling by Chemistry.  

G.3.2 Notify Chemistry and Radwaste Control Room.  

G.3.3 Establish communications between 95SP-7 and Control 
Room during establishment of sample flow.  

G.3.4 Ensure open the following at 95SP-7: 

"* 10SOV-263A RHR HX A OUTLET INNER SAMPLE SOLENOID 
VALVE 

"* 10SOV-264A RHR HX A OUTLET OUTER SAMPLE SOLENOID 
VALVE 

CAUTION 

Pressure in the RHR header must be maintained 
GREATER THAN 50 psig to prevent flashing of water 
within piping.  

G.3.5 Throttle open 95SS1-714 (RHR heat exchanger A 
outlet grab sample isol valve) to lower RHR A 
header pressure to the desired pressure.  

NOTE 1: Position of 95SSI-714 may need to be changed to 
stablize pressure based upon changing plant 
conditions; i.e. change in RHR lineup or leakage 
rate.  

NOTE 2: Contact Chemistry if necessary for assistance or 
beaker.  

G.3.6 Throttle 95SS1-714 to establish a stable RHR A 
header pressure AND a sample flow rate LESS THAN 
0.5 gpm.  

IF a stable pressure can not be obtained with flow 
rate less than 0.5 gpm, 
THEN initiate a PID for Technical Services to 
evaluate leakage.  

G.3.7 Ensure yellow THROTTLED tag is hung on 95SS1-714.
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G.3.8 WHEN continuous venting is no longer desired, 
ensure closed the following: 

* 95SS1-714 (RHR heat exchanger A outlet grab 
sample isol valve) 

"* 10SOV-263A RHR HX A OUTLET INNER SAMPLE SOLENOID 
VALVE 

"* 10SOV-264A RHR HX A OUTLET OUTER SAMPLE SOLENOID 

VALVE 

G.3.9 Ensure yellow THROTTLED tag removed from 95SSI-714.  

G.3.10 Ensure RHR A keep-full alarms are clear.  

G.3.11 Notify Chemistry and Radwaste Control Room that 
venting is secured.  
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G.4 Continuous Venting of RHR Header B 

G.4.1 Verify RHR B Keepfull System is in service per 
OP-13E with either 1OP-2B or Condensate Transfer.  

NOTE: The continuous venting lineup may need to be 
secured during sampling by Chemistry.  

G.4.2 Notify Chemistry and Radwaste Control Room.  

G.4.3 Establish communications between 95SP-7 and Control 
Room during establishment of sample flow.  

G.4.4 Ensure open the following at 95SP-7: 

"* 1OSOV-263B RHR HX B OUTLET INNER SAMPLE SOLENOID 
VALVE 

"* 10SOV-264B RHR HX B OUTLET OUTER SAMPLE SOLENOID 
VALVE 

CAUTION 

Pressure in the RHR header must be maintained 
GREATER THAN 50 psig to prevent flashing of water 
within piping.  

NOTE: 10RHR-780B is throttled and locked to limit maximum 
flow via sample line to 0.5 gpm with 95SS1-715 full 
open.  

G.4.5 Throttle open 95SS1-715 (RHR heat exchanger B 
outlet grab sample isol valve) to lower RHR B 
header pressure to the desired pressure.  

NOTE 1: Position of 95SS1-715 may need to be changed to 
stablize pressure based upon changing plant 
conditions; i.e. change in RHR lineup or leakage 
rate.  

NOTE 2: Contact Chemistry if necessary for assistance or 
beaker.  

G.4.6 Throttle 95SSI-715 to establish a stable RHR B 
header pressure AND a sample flow rate LESS THAN 
0.5 gpm.  

IF a stable pressure can not be obtained with flow 
rate less than 0.5 gpm, 
THEN initiate a PID for Technical Services to 
evaluate leakage.
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G.4.7 Ensure yellow THROTTLED tag is hung on 95SS1-715.  

G.4.8 WHEN continuous venting is no longer desired, 
ensure closed the following: 

* 95SS1-715 (RHR heat exchanger B outlet grab 
sample isol valve) 

* 10SOV-263B RHR HX B OUTLET INNER SAMPLE SOLENOID 
VALVE 

* 10SOV-264B RHR HX B OUTLET OUTER SAMPLE SOLENOID 
VALVE 

G.4.9 Ensure yellow THROTTLED tag removed from 95SS1-715.  

G.4.10 Ensure RHR B keep-full alarms are clear.  

G.4.11 Notify Chemistry and Radwaste Control Room that 
venting is secured.  
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2A. TABLE 1 - VALVE LINEUP - RHR LOOP A 
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RESIDUAL HEAT REMOVAL SYSTEM*

ATTACHMENT 1 Page 1 of 3 

REFERENCES 

1.0 Performance References 

1.1 ODSO-4, Shift Turnover and Log Keeping* 

1.2 OP-5, Condensate Transfer System* 

1.3 OP-19, Reactor Core Isolation Cooling System* 

1.4 OP-21, Emergency Service Water (ESW)* 

1.5 OP-27, Recirculation System* 

1.6 OP-39, Breathing, Instrument, and Service Air System* 

1.7 OP-40, Reactor Building Closed Loop Cooling* 

1.8 OP-42, Service Water System* 

1.9 OP-43A, 125 VDC Power System* 

1.10 OP-43C, LPCI Independent Power Supply System* 

1.11 OP-46A, 4160 V and 600 V Normal AC Power Distribution* 

1.12 OP-46B, 120 VAC Power System* 

1.13 OP-49, Liquid Radioactive Waste System* 

1.14 OP-50, Equipment and Floor Drain System* 
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RESIDUAL HEAT REMOVAL SYSTEM*

ATTACHMENT 1 Page 2 of 3 

REFERENCES 

2.0 Developmental References 

2.1 FSAR Section 4.8 

2.2 FM-20A, 20B 

2.3 JSEM-91-061, Outstanding Action Items Pertaining To Valve 
Misapplication 

2.4 JSEM-91-067, Effects Of Void Formation 

2.5 JSEM-91-082, QA Classification of 10MOV-57 and 10MOV-67 

2.6 Modification Fl-92-091 Rx Head Spray Removal 

2.7 Evaluation Of 10MOV-16A/B As Normally Open Valve 

2.8 JSEM-92-047, RHR Pump Suction Valves 

2.9 JPEM-92-025, Special - Appendix J List 

2.10 Modification M1-92-334, Disabling of Valves 10MOV-36B, 70A, 
70B, 15MOV-101, 102, and 103 

2.11 JPEM-92-029, Revise OP-13 to state that operation of any 
single RHR pump at less than 6500 gpm or operation of any 
two RHR pumps in parallel at flows less 13,000 gpm should be 
avoided. ACTS Item 5857.  

2.12 ACTS Item 4832, Operations Department revise applicable 
procedures listed in Attachments 1 and 2 to ensure the 
proper positioning of test connections, valves, and caps on 
penetrations exposed to the containment atmosphere.  

2.13 JAF-SE-99-014, JD-99-099, RHR - Steam Condensing 

2.14 JTS-95-0221, Operability Assessment for DER 95-0740 - 0748; 
Industry Notification of B-Fill Qualification Limits for 
Certain ITT-Barton Indicating Switches 

2.15 JSED-95-0100, Impact of ITT Barton Industry Advisory on the 
Environmental Qualification of 1ODPIS-125A&B, 14FIS-45A&B, 
and 27PS-IIOA&B 

2.16 Memo from Jim Van Ben Coten to Peter Abbott dated 6/3/95, 
Backseating Manual Valves in Primary Containment 

2.17 JAF-SE-95-063, Operation of Four RHR Pumps in Torus Cooling 
Flow Mode
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RESIDUAL HEAT REMOVAL SYSTEM* OP-13 

ATTACHMENT 1 Page 3 of 3 

REFERENCES 

2.18 Modification M1-89-086, Oil Sampling Valves for RHR, RHRSW, 
and Core Spray Pump Motors 

2.19 Modification MI-97-021, RHR High Point Vent 

2.20 JAF-SE-99-015, Modification to Eliminate RHR Header 
Pressurization
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TABLE 1 - VALVE LINEUP - RHR 
CONTROL ROOM

VALVE NO.  

10MOV-13A 

10MOV-13C 

10MOV-15A 

10MOV-15C 

10MOV-66A 

1OMOV-65A 

10MOV-12A 

10MOV-25A 

10MOV-27A 

10MOV-39A 

10MOV-38A 

10MOV-34A 

10MOV-26A 

1OMOV-31A 

10MOV-21A

ACTUAL 
POSITION

Page 1 of 19 

INITIALS 
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

II OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 26 of 79

DESCRIPTION 

RHR Pump A Suct Torus Isol Valve 

RHR Pump C Suct Torus Isol Valve 
RHR Pump A Suct 
Shutdown Cooling Isol Valve 
RHR Pump C Suct 
Shutdown Cooling Isol Valve 

RHR Heat Exch A Bypass Valve 

RHR Heat Exch A Shell Inlet Isol Valve 

RHR Heat Exch A Outlet Isol Valve 

RHR A LPCI Inbd Ini Valve 

RHR A LPCI Outbd Inj Valve 

RHR A Torus Cooling Isol Valve 

RHR A to Torus Spray Isol Valve 

RHR A Torus Cooling Supply Valve 

RHR A Cont Spray Outbd Isol Valve 

RHR A Cont Spray Inbd Isol Valve 
RHR Heat Exch A 
Disch to Torus Isol Valve

LOOP A 

NORMAL 
POSITION 

Open 

Open 

Closed 

Closed 

Open 

Open 

Open 

Closed 

Open 

Closed 

Closed 

Closed 

Closed 

Closed 
|COMA.2.2 
Closed



TABLE 1 - VALVE LINEUP - RHR LOOP A 
CONTROL ROOM 

NORMAL

Page 2 of 19

VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Heat Exch A 

10MOV-36A Disch to RCIC Isol Valve Closed 
RHRSW A to RHR 

10MOV-148A Cross Tie Upstr Isol Valve Closed 
RHRSW A to RHR 

10MOV-149A Cross Tie Dnstr Isol Valve Closed 
RHR Heat Exchanger A 

IOPCV-69A Steam Inlet Press Control Valve Closed 
RHR Heat Exchanger A 

IOAOV-71A Outlet to Torus or RCIC Isol Valve Closed 
RHR Heat Exch A 

IOMOV-166A Upstr Vent to Torus Isol Valve Closed 
RHR Heat Exch A 

10MOV-167A Dnstr Vent to Torus Isol Valve Closed 

10MOV-16A RHR A Min Flow Isol Valve Open 

10AOV-68A RHR A LPCI Testable Check Valve Closed 
RHR Heat Exch A 

IOMOV-89A Serv Water Outlet Isol Valve Closed 

10MOV-57 RHR to Radwaste Throttle Valve Closed 

10MOV-67 RHR to Radwaste Isol Valve Closed

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

IOP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 27 of 79

ACTUAL INITIALS



TABLE 1 - VALVE LINEUP - RHR LOOP A 
RX BLDG. 300 EL.

Page 3 of 19

VALVE NO DESCRI PTION
NORMAL 
POSITION

ACTUAL 
POSITION

INITIALS 
& DATE

RHR Loop A Containment Spray 
10RHR-51A Air Test Connection Isol Valve Closed 

RHR Loop A Containment Spray Locked 
**IORHR-52A Air Test Header Isol Valve Closed 

RHR Loop A Containment 
10RHR-731A1 Spray Air Test Inner Vent Valve Closed 

RHR Loop A Containment 
10RHR-731A2 Spray Air Test Outer Vent Valve Closed 

RHR Loop A Containment Spray 
**1ORHR-748A Inner ILRT Connection Isol Valve Locked Closed 

RHR Loop A Containment Spray Locked Closed 
**1ORHR-749A Outer ILRT Connection Isol Valve and Capped 

RHR Loop A Containment 
10RHR-759A Spray Line 1OLS-100 Root Valve Open 

RHR Loop A Containment 
10RHR-760A Spray Line 1OLS-100 Drain Valve Closed 

RHR Loop A Containment Spray 
10RHR-761A Line IOLS-100 Inner Overflow Valve Closed 

RHR Loop A Containment Spray 
10RHR-762A Line 1OLS-100 Outer Overflow Valve Closed 

RHR Loop A Containment 
10RHR-404A Spray Inner Vent Valve Closed 

RHR Loop A Containment 
10RHR-405A Spray Outer Vent Valve Closed 

RHR Loop A Containment Spray 
10RHR-274 Keep-Full Cond Xfer Connection Valve * 

* Closed when 1OP-2A is running, otherwise throttled.  

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OI P-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 28 of 79

I



TABLE 1 - VALVE LINEUP - RHR LOOP A 
RX BLDG. 300 EL.  

NORMAL

Page 4 of 19

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop A Containment Spray 
10RHR-273 Keep-Full Cond Xfer Connection Valve Closed 

RHR Loop A Containment Spray 
10RHR-275 Keep-Full Drain Valve Closed 

RHR Heat Exchanger A 
10SOV-263A Outlet Inner Sample Solenoid Valve Closed 

RHR Heat Exchanger A 
1OSOV-264A Outlet Outer Sample Solenoid Valve Closed 

RHR Loop A Containment 
*O1RHR-988 Spray 1OFT-136A Hi Side Root Valve Open 

RHR Loop A Containment 
*1ORHR-989 Spray 1OFT-136A Lo Side Root Valve Open 

RHR Loop A Cond Xfer Supply Line Closed and 
1ORHR-414 Check Valve Test Conn Isol Valve Capped 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

II OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 29 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP A 
RX BLDG. 272 EL.  

NORMAL

Page 5 of 19

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHRSW Loop A Supply 
10RHR-420A Line 1OLS-105A Root Valve Open 

RHRSW Loop A Supply 
IORHR-421A Line 1OLS-105A Inner Overflow Valve Closed 

RHRSW Loop A Supply Line 
10RHR-422A 1OLS-105A Outer Overflow Isol Valve Closed 

RHRSW Loop A Supply 
10RHR-423A Line IOLS-105A Drain Valve Closed 

RHRSW Loop A to RHR 
10SOV-150A Cross-Tie Drain Solenoid Valve Energized 

RHRSW Loop A to RHR 
10RHR-721A Cross-Tie Inner Drain Valve Closed 

RHRSW Loop A to RHR 
IORHR-722A Cross-Tie Outer Drain Valve Closed 

RHR Heat Exchanger A RHRSW 
10RHR-205A Rad Element 17RE-457A Inlet Isol Valve Closed 

RHR Heat Exchanger A RHRSW 
10RHR-206A Rad Element 17RE-457A Outlet Isol Valve Closed 

10RHR-773 RHRSW Loop A Return Header Drain Valve Closed 
RHRSW Loop A 

*IORHR-688 1OFT-97A Hi Side Root Valve Open 
RHRSW Loop A 

*QIRHR-689 1OFT-97A Lo Side Root Valve Open 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 30 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP A 
RX BLDG. 272 EL.  

NORMAL

Page 6 of 19

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop A Containment Spray 
1OPT-101A, 05PS-16 & 05PT-12A 

*IORHR-53A Sensing Line Isol Valve Open 
RHR Loop A Containment Spray 
1OPT-101C, PS-119A&C & 05PT-12B 

*1ORHR-53C Sensing Line Isol Valve Open 
* RHR Loop A Containment Spray Locked Closed 
**1IRHR-60A Instrument Line (capped) Isol Valve and Capped 
* RHR Loop A Containment Spray Locked Closed 
**1IRHR-60C Instrument Line (capped) Isol Valve and Capped 

RHR Loop A Containment Spray 05PS-16 Locked 
**1ORHR-983 Sensing Line Inner Drain Valve Closed 

RHR Loop A Containment Spray 05PS-16 Locked Closed 
**1ORHR-984 Sensing Line Outer Drain Valve and Capped 

RHR Loop A Containment Spray 05PS-16 Locked 
**1ORHR-985 Sensing Line Inner Drain Valve Closed 

RHR Loop A Containment Spray 05PS-16 Locked Closed 
**1ORHR-986 Sensing Line Outer Drain Valve and Capped 

*Valves are listed on ST-40H.  

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 31 of 79



TABLE 1.- VALVE LINEUP - RHR LOOP A 
A RHR HX ROOM

Page 7 of 19

NORMAL ACTUAL INITIALS VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Heat Exchanger 

10RHR-11A A RHRSW Inlet Isol Valve Locked Open 
RHR Heat Exchanger A RHRSW 

10RHR-24A Outlet Isol Valve Locked Open 
RHR Heat Exchanger A Tube Side 10RHR-717A Inner Drain Valve Closed 
RHR Heat Exchanger A Tube Side IORHR-718A Outer Drain Valve Closed 
RHR Heat Exchanger A Tube Side 

10RHR-719A Inner Drain Valve Closed 
RHR Heat Exchanger A Tube Side 

IORHR-720A Outer Drain Valve Closed 
RHR Heat Exchanger A Shell Side 

IORHR-727A Inner Drain Valve Closed 
RHR Heat Exchanger A Shell Side 10RHR-728A Outer Drain Valve Closed 
RHR Heat Exchanger A Tube Side 10RHR-747A Chem Clean Isol Valve Closed 
RHR Heat Exchanger A Tube Side 1ORHR-750A Chem Clean Isol Valve Closed 
RHR Heat Exchanger A 10RHR-780A Outlet Sample Isol Valve Open

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  
OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2AI Rev. No. 87 Page 32 of 79 1



TABLE 1 - VALVE LINEUP - RHR LOOP A 
A RHR HX ROOM 

NORMAL

Page 8 of 19

VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Heat Exchanger A 1OLT-98A 

*1OR!HR-690 Lower Root Valve Open 
RHR Heat Exchanger A 1OLT-98A 

*IORHR-691 Upper Root Valve Open 
RHR Heat Exchanger A Steam *lORHR-692 Inlet 1OPT-114A Root Valve Open 
RHR Heat Exchanger A HPCI 

10RHR-401A Steam Supply Inner Vent Valve Closed 
RHR Heat Exchanger A HPCI Steam 

10RHR-402A Supply Outer Vent Valve Closed 
RHR Heat Exchanger A Shell 

10RHR-451A Side Vent Valve Closed 
RHR Heat Exchanger A Steam Inlet 

10RHR-715A Inner Drain Valve Closed 
RHR Heat Exchanger A Steam Inlet 

10RHR-716A Outer Drain Valve Closed 

10MOV-70A RHR Heat Exch A Steam Inlet Isol Valve Closed 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 33 of 79]
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TABLE 1 - VALVE LINEUP - RHR LOOP A 
WEST CRESCENT

VALVE NO.  

10RHR-403A

10RHR-93A

DESCRIPTION 
RHR Pump A Suct Line From Suppression 
Pool ILRT Connection Isol Valve 
RHR Pump A Suct From Suppression Pool 
Spare Tap (welded cap) 
RHR Pumps A & C Suct From

NORMAL ACTUAL 
POSITION POSITION 
Locked Closed 
and Capped 
Locked 
Closed 
Locked

Page 9 of 19

INITIALS & DATE
& DATE

1ORHR-729A Suppression Pool Drain Valve Closed 
RHR Pump A Shutdown Cooling 

10RHR-412A Vent Valve Closed 

10RHR-91A RHR Keep-Full Pump A Suct Isol Valve Open 

IORHR-91C RHR Keep-Full Pump A Suct Isol Valve Open 
RHR Pump A Suct Shutdown 

1ORHR-675A Cooling Vent Valve Closed 
RHR Pump C Suct Shutdown 

10RHR-675C Cooling Vent Valve Closed 

10RHR-251A RHR Pump A Suct Drain Valve Closed 

10RHR-251C RHR Pump C Suct Drain Valve Closed 
RHR Pumps A & C Suct Locked 

10RHR-400A Relief Line Vent Valve Closed 

10RHR-450A RHR Pump A Seal Cavity Vent Valve Closed 

10RHR-742A RHR Pump A Casing Drain Valve Closed 

10RHR-23A RHR Pump A Seal Leakoff Valve Open 

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 34 of 79



TABLE 1 - VALVE LINEUP - RHR 
WEST CRESCENT

VALVE NO.  

10RHR-743A 

10RHR-450C 

10RHR-742C 

10RHR-23C 

1ORHR-743C 

10RHR-28A 

10RHR-28C 

10RHR-96A 

10RHR-250A 

10RHR-250C 

10RHR-730 

10RHR-714A 

10RHR-252A 

10RHR-113A 

10RHR-45A

DESCRIPTION 
RHR Pump A Cooling Water 
Leakage Combined Drain Valve 

RHR Pump C Seal Cavity Vent Valve 

RHR Pump C Casing Drain Valve 

RHR Pump C Seal Leakoff Valve 
RHR Pump C Cooling Water 
Leakage Combined Drain Valve 
Locked 
RHR Pump A Min Flow Isol Valve 
Locked 
RHR Pump C Min Flow Isol Valve 

RHR Keep-Full Pump A Min Flow Valve 

RHR Pump A Disch Drain Valve 

RHR Pump C Disch Drain Valve 
RHR Pumps A & C 
Combined Drains Isol Valve 
RHR Pumps A & C Disch Drains to 
Waste Collector Inlet Header Isol Valve 
RHR Pumps A & C Combined 
Drains to Sump Isol Valve 
RHR Pumps A & C Suct Drain Conduct 
Element 113A Isol Valve 

RHR Pump A Disch Isol Valve
Loced pe

ACTUAL 
POSITIO}

Page 10 of 19 

INITIALS 
N & DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 35 of 79

LOOP A 

NORMAL 
POSITION 

Open 

Closed 

Closed 

Open 

Open 

Open 

Open 

Open 

Closed 

Closed 

Closed 

Closed 

Closed 

Open 

Locked 0Den

POS ITIO] & DATE



TABLE 1 - VALVE LINEUP - RHR LOOP A 
WEST CRESCENT 

NORMAL

Page 11 of 19

VALVE NO. DESCRIPTION POSITION POSITION & DATE 

10RHR-45C RHR Pump C Disch Isol Valve Locked Open 
RHR Keep-Full 

10RHR-99A Pump A Disch to RHR Loop A Isol Valve Open 
RHR Loop A Post 

10RHR-201 Accident Sample Isol Valve Open 
RHR Loop A 

10RHR-776 Supply Line Inner Drain Valve Closed 
RHR Loop A 

10RHR-777 Supply Line Outer Drain Valve Closed 

10RHR-255A RHR Loop A Cond Xfer Isol Valve Closed 
RHR Loop A Torus Spray Locked Closed 

10RHR-409A Line ILRT Connection Isol Valve and Capped 
Locked Closed 10RHR-732A RHR Loop A Torus Spray Line Drain Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

I OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A Rev. No. 87 Page 36 of 79
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TABLE 1 - VALVE LINEUP - RHR LOOP A 
WEST CRESCENT

VALVE NO.  

10RHR-413 

10RHR-696

DESCRIPTION 
RHR Loop A Full Flow 
Test Line Vent Valve 
RHR Pump A Disch Spare 
Instrument Isol Valve 
RHR Pump C Disch Spare

NORMAL 
POSITION 
Locked 
Closed 
Closed 
and Capped 
Closed

Page 12 of 19

ACTUAL 
POSITION

INITIALS & DATE
& DATE

10RHR-697 Instrument Isol Valve and Capped 
RHR Pump A Suct 10PI-106A & Al 

*IORHR-676 Root Valve Open 
RHR Pump C Suct 

*IORHR-677 IOPI-106C & C1 Root Valve Open 
RHR Pump A Disch 10PI-107A2, 

*IORHR-695 1OPS-120A & E Root Valve Open 
RHR Pump C Disch 10PI-107C2, 

*10RHR-693 1OPS-120C & G Root Valve Open 
Closed 

*10RHR-680 RHR Pump A Disch Drain Isol Valve and Capped 
Closed 

*IORHR-681 RHR Pump C Disch Drain Valve and Capped 
RHR Loop A 1OPT-120A & 1OPS-123 

*lORHR-694 Root Valve Open 
RHR Loop A 1OFT-109A & 

*10RPR-971 10DPIS-125A Hi Side Root Valve Open 
RHR Loop A 1OFT-109A & 

*IORHR-972 10DPIS-125A Lo Side Root Valve Open 

*10RHR-973 RHR Loop A 1OPS-122A Root Valve Open 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 37 of 79



VALVE NO.  

10RHR-778A 

1ORHR-779A 

10RHR-778C 

10RHR-779C 

10RHR-425A 

10RHR-426A 

10RHR-1101 

1ORHR-1102

TABLE 1 - VALVE LINEUP - RHR LOOP A 
WEST CRESCENT 

NORMAL

Page 13 of 19

AC'
DESCRIPTION POSITION PO 
RHR Pump A Motor Upper Bearing Closed 
Oil Drain and Sample Valve and Capped 
RHR Pump A Motor Lower Bearing Closed 
Oil Drain and Sample Valve and Capped 
RHR Pump C Motor Upper Bearing Closed 
Oil Drain and Sample Valve and Capped 
RHR Pump C Motor Lower Bearing Closed 
Oil Drain and Sample Valve and Capped 
RHR Keep-Full Pump A Suct 
A Suct 10PI-277A Root Valve Open 
RHR Keep-Full Pump A Disch 
10PI-278A Root Valve Open 
RHR Keep-Full Pump A Min Flow Check Locked Closed 
Valve RHR-95A ILRT Connection Isol Valveand Capped 
RHR Keep-Full Pump A Min Flow Check Locked Closed 
Valve RHR-95A ILRT Connection Isol Valveand Capped

TUAL 
SITION

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 38 of 79

INITIALS & DATE
& DATE



TABLE 1 - VALVE LINEUP - RHR LOOP A 
TORUS AREA

Page 14 of 19

VALVE NO. DESCRIPTION
NORMAL ACTUAL 
POSITION POSITION

***lORHR-408A RHR Loop A Torus Spray Line Vent Valve and Capped 
RHR Pumps A & C Suct From Locked Closed 

10RHR-775A Suppression Pool Drain Valve and Capped 
RHR Pumps 

*1OMOV-151A A & C Suct Suppr Pool Isol Valve Locked Open* 
RHR Loop A Torus Spray 

**IORHR-990 1OFT-137A Hi Side Root Valve Open 
RHR Loop A Torus Spray 

**1ORHR-991 1OFT-137A Lo Side Root Valve Open 

* Electrically Disarmed 

**Valves are listed on ST-40H.  

*** Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

INITIALS 
& DATE
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 39 of 79

DESCRIPTION



TABLE 1 - VALVE LINEUP - RHR LOOP A 
DRYWELL ENTRANCE

Page 15 of 19

VALVE NO.  

1ORHR-78A

DESCRIPTION 
RHR Loop A LPCI Inbd Isol Valve 
10MOV-25A Inner Inlet Drain Valve 
RHR Loop A LPCI Inbd Isol Valve

NORMAL 
POSITION 
Locked

vw,, %

locked 10RHR-79A 10MOV-25A Outer Inlet Drain Valve Closed 
RHR Loop A LPCI Cond Xfer 

10RHR-256A Inner Isol Valve Closed 
RHR Loop A LPCI Cond Xfer 

10RHR-257A Outer Isol Valve Closed 
RHR Loop A LPCI Inbd Isol Valve 

1ORHR-786A 1OMOV-25A Stem Leakoff Valve Open 

IORHR-767A RHR Loop A Keep-Full 1OLS-101 Root ValveOpen

ACTUAL 
POSITION

INITIALS 
&: DATE
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

, OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 40 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP A 
DRYWELL

Page 16 of 19

NORMAL ACTUAL INITIALS VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Loop A Locked Closed 10RHR-735A LPCI ILRT Conn Outer Isol Valve and Capped 
RHR Loop A 

IORHR-736A LPCI ILRT Conn Inner Isol Valve Locked Closed 
RHR Loop A Testable Check AOV-68A 10RHR-700A Inlet Drain Inner Isol Valve Closed 
RHR Loop A Testable Check AOV-68A 10RHR-701A Inlet Drain Outer Isol Valve Closed 
RHR Loop A Testable Check AOV-68A 10RHR-702A Outlet Drain Inner Isol Valve Closed 
RHR Loop A Testable Check AOV-68A 1ORHR-703A Outlet Drain Outer Isol Valve Closed 
RHR Loop A Isol 10RHR-713 RHR-81A Stem Leakoff Isol Valve Closed 
RHR Loop A Testable Check AOV-68A Locked Closed 10RHR-737A ILRT Conn Isol Valve and Capped 

Locked Open 10RHR-81A RHR A LPCI to RWR A Loop Isol Valve & Backseated

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  b OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A I Rev. No. 87 Page 41 of 79



TABLE I - VALVE NEUP - RHR LOOP A 
RHRSW .jMP ROOM

Page 17 • 19

NORMAL ACTUAL INITIALS 
, VALVE NO, __DESCRIPTION POSITION POSITION- & DATE 

1ORHR-22A RHRSW Pump A Disch Isol Valve Open 
RHRSW Pump A Motor Bearing 

1ORHR-272A Cooling Water Supply ISOI Valve Open 
RHRSW Pump A Motor Bearing 

IORHR-744A Cooling Water Return Isol Valve Open 

"1•" RHR-22C RHRSW Pump Disch Isol Valve Open 
RHRSW Pump C Motor Bearing 

IORHR-272C Cooling Water Supply Isol Valve Open 
RHRSW Pump C Motor Bearing 

IORHR-744C Cooling Water Return Isol Valve Open 
RHRSW Pumps A & C Motors Bearing 

10RHR-746 Cooling Water Supply Header Drain Valve Closed 
RXRSW Pumps IORHR-754A -A & C Disch Header-Drain. Valve Closed 
RHRSW Loop A Keep-Full SWS 

1ORHR-43OA Suovly Isol Valve Open e.  
RHRSW Loop A Keep-Full SWS 

10RHR-432A Supply Isol Valve Oven 
RHRSW to Fire Protection Locked Closed 

10RHR-432 Cross-Tie Isol Valve and CaRped 
RHRSW to Fire Protection 

10RHR-792 Cross-Tie Bleed Off Valve Closed 
RHRSW Pumps A & C Disch 

10RHR-757A Strainer Basket 2 Drain Vayle Closed 
RHRSW Pumps A & C Disch 

1ORHR-758A Strainer Basket 1 Drain Valve Closed 
RHRSW Pumps A & C Diech 10RHR-111A -Strainer-A E~ializing Valve Closed 

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER A"-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A Rev. No. 87 Page 42 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP A 
RHRSW PUMP ROOM 

NORMAL

Page 18 of 19

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

10RHR-630A RHRSW Pump A Disch 10PI-117A Root Valve Open 

10RHR-630C RHRSW Pump C Disch 10PI-117C Root Valve Open 
RHRSW Pumps A & C Disch Strainer A 

*IORHR-686 1ODPIS-277A Hi Side Root Valve Open 
RHRSW Pumps A & C Disch Strainer A 

*IORHJR-687 1ODPIS-277A Lo Side Root Valve Open 
RHRSW Pump A Motor Upper Bearing Closed 

10RHR-723A Oil Drain and Sample Valve and Capped 
RHRSW Pump A Motor Lower Bearing Closed 

10RHR-724A Oil Drain and Sample Valve and Capped 
RHRSW Pump C Motor Upper Bearing Closed 

IORHR-723C Oil Drain and Sample Valve and Capped 
RHRSW Pump C Motor Lower Bearing Closed 

10RHR-724C Oil Drain and Sample Valve and Capped 
RHRSW Loop A Keep-Full Check Valve Closed 

10RHR-500A RHR-431A Leak Test Connection Isol Valveand Capped 
RHRSW Loop A Keep-Full Check Valve Closed 

10RHR-501A RHR-431A Leak Test Connection Isol Valveand Capped 

TUNNEL 

10RHR-772A RHRSW Loop A Supply Header Drain Valve Closed 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 43 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP A 
REACTOR BUILDING DRYWELL 

ENTRANCE MEZZANINE 
NORMAL

Page 19 of 19

VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Loop A LPCI Keep-Full 

IORHR-781A 1OLS-101 Isol Valve Open 
RHR Loop A LPCI Keep-Full 

10RHR-784A 1OLS-101 Drain Valve Closed 
RHR Loop A LPCI Keep-Full 

10RHR-783A 1OLS-101 Drain Valve Closed 
RHR Loop A LPCI Keep-Full 

10RHR-782A N2 Connection 1OLS-101 Drain Valve Closed 
RHR Loop A LPCI Keep-Full 

10RHR-788A 10PI-131A Drain Valve Closed 
RHR Loop A LPCI LLRT Closed 

IORHR-789A Connection Isol Valve and Capped 
RHR Loop A LPCI Keep-Full Locked 

10RHR-787A 10PI-131A Root Valve Closed 
RHR Loop A LPCI Keep-Full Closed 

10RHR-785A N2 Isol Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2A 
Rev. No. 87 Page 44 of 79
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TABLE 1 - VALVE LINEUP - RHR 
CONTROL ROOM

VALVE NO.  

10MOV-13B 

10MOV-13D 

10MOV-15B 

1OMOV-15D 

1OMOV-66B 

10MOV-65B 

10MOV-12B 

10MOV-25B 

10MOV-27B 

IOMOV-39B 

10MOV-38B 

10MOV-34B 

10MOV-26B 

10MOV-31B 

10MOV-21B

DESCRIPTION 

RHR Pump B Suct Torus Isol Valve 

RHR Pump D Suct Torus Isol Valve 
RHR Pump B Suct 
Shutdown Cooling Isol Valve 
RHR Pump D Suct 
Shutdown Cooling Isol Valve 

RHR Heat Exch B Bypass Valve 

RHR Heat Exch B Shell Inlet Isol Valve 

RHR Heat Exch B Outlet Isol Valve 

RHR B LPCI Inbd Inj Valve 

RHR B LPCI Outbd Ini Valve 

RHR B Torus Cooling Isol Valve 

RHR B to Torus Spray Isol Valve 

RHR B Torus Cooling Supply Valve 

RHR B Cont Spray Outbd Isol Valve 

RHR B Cont Spray Inbd Isol Valve 
RHR Heat Exch B 
Disch to Torus Isol Valve

LOOP B 

NORMAL 
POSITION 

Open 

open 

Closed 

Closed 

Open 

Open 

Open 

Closed 

Open 

Closed 

Closed 

Closed 

Closed 

Closed 
ICOMA.2.2 
Closed

Page 1 of 21 

INITIALS 
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

, OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B], Rev. No. 87 Page 45 of 79

ACTUAL 
POSITION
POSITION & DATE



TABLE 1 - VALVE LINEUP - RHR LOOP B 
CONTROL ROOM 

NORMAL

Page 2 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHRSW B to RHR 
10MOV-148B Cross Tie Upstr Isol Valve Closed 

RHRSW B to RHR 
10MOV-149B RHR Cross Tie Dnstr Isol Valve Closed 

RHR Heat Exchanger B 
10PCV-69B Steam Inlet Press Control Valve Closed 

RHR Heat Exchanger B 
10AOV-71B Outlet to Torus or RCIC Isol Valve Closed 

RHR Heat Exch B 
10MOV-166B Upstr Vent to Torus Isol Valve Closed 

RHR Heat Exch B 
10MOV-167B Dnstr Vent to Torus Isol Valve Closed 

10MOV-16B RHR B Min Flow Isol Valve Open 

10AOV-68B RHR B LPCI Testable Check Valve Closed 
RHR Heat Exch B 

10MOV-89B Serv Water Outlet Isol Valve Closed

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

"OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 46 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 326 EL.  

NORMAL

Page 3 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

1ORHR-406 Head Spray Line Inner Vent Valve Closed 

1ORHR-407 Head Spray Line Middle Vent Valve Closed 
Reactor Head Spray 

10RHR-411 Line Outer Vent Valve Closed 
Reactor Head Spray 

10RHR-763 Line 1OLS-102 Root Valve Open 
Reactor Head Spray 

1ORHR-764 Line 10LS-102 Drain Valve Closed 
Reactor Head Spray 

10RHR-765 Line 1OLS-102 Inner Drain Valve Closed 
Reactor Head Spray 

10RHR-766 Line IOLS-102 Outer Drain Valve Closed 
Reactor Head Spray Line 

**IORHR-708 Inner ILRT Connection Isol Valve Locked Closed 
Reactor Head Spray Line Locked Closed 

**IORHR-709 Outer ILRT Connection Isol Valve and Capped 

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 47 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 300 EL.  

NORMAL

Page 4 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop B Containment Spray 
10RHR-51B Air Test Connection Isol Valve Closed 

RHR Loop B Containment Spray Locked 
**IORHR-52B Air Test Header Isol Valve Closed 

RHR Loop B Containment Spray 
10RHR-731B Air Test Vent Valve Closed 

RHR Loop B Containment Spray 
**10RHR-748B Inner ILRT Connection Isol Valve Locked Closed 

RHR Loop B Containment Spray Locked Closed 
**IORHR-749B Outer ILRT Connection Isol Valve and Capped 

RHR Loop B Containment Spray 
10RHR-759B Line 1OLS-103 Root Valve Open 

RHR Loop B Containment Spray 
10RHR-760B Line 1OLS-103 Drain Valve Closed 

RHR Loop B Containment Spray 
10RHR-761B Line 1OLS-103 Inner Overflow Valve Closed 

RHR Loop B Containment Spray 
10RHR-762B Line 1OLS-103 Outer Overflow Valve Closed 

RHR Loop B Containment Spray 
10RHR-404B Inner Vent Valve Closed 

RHR Loop B Containment Spray 
10RHR-405B Outer Vent Valve Closed 

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 48 of 79



VALVE NO.  

10SOV-263B 

10SOV-264B 

*10RHR-616 

*1ORHR-617 

*Valves are

TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 300 EL.  

NORMAL 
DESCRIPTION POSITION 
RHR Heat Exchanger B 
Outlet Inner Sample Solenoid Valve Closed 
RHR Heat Exch B 
Outlet Outer Sample Solenoid Valve Closed 

1OFT-136B High Side Root Valve Open 

1OFT-136B Low Side Root Valve Open 

listed on ST-40H.

Page 5 of 21 

ACTUAL INITIALS 
POSITION & DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

O P-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 49 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 272 EL.  

NORMAL

Page 6 of 21

VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Loop B Reactor Head Spray 

10RHR-260 Keep-Full 1OPCV-266 Bypass Valve * 
Reactor Head Spray Keep-Full 

10RHR-268 1OPCV-266 Outlet Isol Valve Closed 
Reactor Head Spray Keep-Full 

10RHR-269 1OPCV-266 Inlet Isol Valve Closed 
Reactor Head Spray 

10RHR-76 Line Drain Valve Closed 
Reactor Head Spray 

10RHR-752 Line Drain Valve Closed 
RHRSW Loop B to RHR 

10SOV-150B Cross-Tie Drain Solenoid Valve Energized 
RHRSW Loop B to RHR 

10RHR-721B Cross-Tie Inner Drain Valve Closed 
RHRSW Loop B to RHR 

10RHR-722B Cross-Tie Outer Drain Valve Closed 
RHRSW Loop B Supply 

10RHR-420B Line 1OLS-105B Root Valve Open 
RHRSW Loop B Supply 

10RHR-421B Line 1OLS-105B Inner Overflow Valve Closed 
RHRSW Loop B Supply Line 

10RHR-422B 1OLS-105B Outer Overflow Isol Valve Closed 
RHRSW Loop B Supply Line 

10RHR-423B 1OLS-105B Drain Valve Closed 

10RHR-609 1OFT-103 High Side Isol Valve Closed 

10RHR-610 1OFT-103 Low Side Isol Valve Closed 

*Closed when 1OP-2B is running, otherwise throttled.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2BI 
Rev. No. 87 Page 50 of 79
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TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 272 EL.  

NORMAL

Page 7 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop B Containment Spray 1OPT-101B, 
*1IRHR-53B 05PT-12C Sensing Line Isol Valve Open 

RHR Loop B Containment Spray 
1OPT-101D, PS-B&D & 05PT-12D 

*lORHR-53D Sensing Line Isol Valve Open 
* RHR Loop B Containment Spray Locked Closed 
**IORHR-60B Instrument Line (capped) Isol Valve and Capped 
* RHR Loop B Containment Spray Locked Closed 
**lORHR-60D Instrument Line (capped) Isol Valve and Capped 

RHRSW Loop B 1OFT-97B & 
*IORHR-664 1OFT-134 Hi Side Root Valve Open 

RHRSW Loop B 1OFT-97B & 
*0IRHR-665 1OFT-134 Lo Side Root Valve Open 

*Valves are listed on ST-40H.  

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 51 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
RX BLDG. 272 EL.

Page 8 of 21

NORMAL ACTUAL INITIALS 
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop B Cont Spray Locked 
**lORHR-611 O5PT-12 Sensing Line Inner Drain Valve Closed 

RHR Loop B Cont Spray Locked Closed 
**lORHR-612 05PT-12 Sensing Line Outer Drain Valve and Capped 

RHR Loop B Cont Spray 05PT-12 Locked 
**lORHR-613 Sensing Line Inner Drain Valve Closed 

RHR Loop B Cont Spray 05PT-12 Locked Closed 
**1ORHR-614 Sensing Line Outer Drain Valve and Capped 

RHR Loop B Cond Xfer Supply Line Closed 
10RHR-415 Check Valve Test Conn Isol Valve and Capped 

RHRSW Loop B to RHR Cross-Tie 
10RHR-797A Inner Drain Valve Closed 

RHRSW Loop B to RHR Cross-Tie Closed 
10RHR-797B Outer Drain Valve and Capped 

RHR 1OPCV-266 
IORHR-992 Sensing Line Isolation Valve Closed 

**Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 52 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
B RHR HX ROOM 

NORMAL

Page 9 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Heat Exchanger B RHRSW 
10RHR-11B Inlet Isol Valve Locked Open 

RHR Heat Exchanger B RHRSW 
10RHR-24B Outlet Isol Valve Locked Open 

RHR Heat Exchanger B Tube Side 
IORHR-717B Inner Drain Valve Closed 

RHR Heat Exchanger B Tube Side 
10RHR-718B Outer Drain Valve Closed 

RHR Heat Exchanger B Tube Side 
10RHR-719B Inner Drain Valve Closed 

RHR Heat Exchanger B Tube Side 
10RHR-720B Outer Drain Valve Closed 

RHR Heat Exchanger B 
10RHR-727B Shell Side Inner Drain Valve Closed 

RHR Heat Exchanger B 
10RHR-728B Shell Side Outer Drain Valve Closed 

RHR Heat Exchanger B 
10RHR-747B Tube Side Chem Clean Isol Valve Closed 

RHR Heat Exchanger B 
10RHR-750B Tube Side Chem Clean Isol Valve Closed 

RHR Heat Exchanger B * Locked 
10RHR-780B Outlet Sample Isol Valve Throttled 

RHR Heat Exchanger B RHRSW Aux 
10RHR-225 Steam Inlet Isol Valve Closed 

RHR Heat Exchanger B RHRSW Steam 
10RHR-227 Trap Outlet Isol Valve Closed 

RHR Heat Exchanger B RHRSW 
10RHR-768 Steam Trap Drain Valve Closed 

RHR Heat Exchanger B RHRSW 
10RHR-769 Steam Trap Drain Valve Closed 

* Throttled and locked to limit flow rate in sample line to 0.5 gpm to comply with 
JAF-SE-99-015.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2Bi 
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TABLE 1 - VALVE LINEUP - RHR LOOP B 
B RHR HX ROOM 

NORMAL

Page 10 of 21

ACTUAL
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Heat Exchanger B RHRSW Rad 
10RHR-205B Element 17RE-457B Inlet Isol Valve Closed 

RHR Heat Exchanger B RHRSW Rad 
10RHR-206B Element 17RE-457B Outlet Isol Valve Closed 

RHR Heat Exchanger B HPCI Steam 
10RHR-401B Supply Inner Vent Valve Closed 

RHR Heat Exchanger B HPCI Steam 
10RHR-402B Supply Outer Vent Valve Closed 

RHR Heat Exchanger B 
10RHR-451B Shell Side Vent Valve Closed 

RHR Heat Exchanger B Steam 
10RHR-715B Inlet Inner Drain Valve Closed 

RHR Heat Exchanger B Steam 
10RHR-716B Inlet Outer Drain Valve Closed 

RHR Heat Exchanger B Steam 
*IORHR-661 Inlet 1OPT-114B Root Valve Open 

RHR Heat Exchanger B 1OLT-98B 
*1ORHR-662 Upper Root Valve Open 

RHR Heat Exchanger B 1OLT-98B 
*IORHR-663 Lower Root Valve Open 

10MOV-70B RHR Heat Exch B Steam Inlet Isol Valve Closed 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 54 of 79
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TABLE 1 - VALVE LINEUP - RHR LOOP B 
EAST CRESCENT

Page 11 of 21

NORMAL ACTUAL INITIALS 
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Pump Suct Line From Suppression Locked Closed 
10RHR-403B Pool ILRT Connection Isol Valve and Capped 

RHR Pump B Suct From Suppression 
10RHR-93B Pool Spare Tap (Welded Cap) Locked Closed 

RHR Pumps B & D Suct From Suppression 
10RHR-729B Pool Drain Valve Locked Closed 

RHR Pumps 
10RHR-412B B & D Suction Header Vent Valve Closed 

IORHR-91B RHR Keep-Full Pump B Suct Isol Valve Open 

10RHR-91D RHR Keep-Full Pump B Suct Isol Valve Open 
RHR Pump B Suct Shutdown 

10RHR-675B Cooling Vent Valve Closed 
RHR Pump D Suct Shutdown 

10RHR-675D Cooling Vent Valve Closed 
RHR Pumps B & D 

10RHR-400B Suct Relief Line Vent Valve Locked Closed 

10RHR-251B RHR Pump B Suct Drain Valve Closed 

10RHR-251D RHR Pump D Suct Drain Valve Closed 
RHR Pumps B & D Disch Drains to Waste 

10RHR-714B Collector Inlet Header Isol Valve Closed 
RHR Pumps B & D Combined Drains 

10RHR-252B to Sump Isol Valve Closed 
RHR Pumps B & D Disch Drains 

10RHR-253 to Equip Sump Isol Valve Closed 

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
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TABLE 1 - VALVE LINEUP 
EAST CRESCENT

VALVE NO.  

10RHR-113B 

10RHR-450B 

10RHR-742B 

10RHR-23B 

10RHR-743B 

1ORHR-450D 

10RHR-742D 

10RHR-23D 

10RHR-743D 

10RHR-28B 

10RHR-28D 

10RHR-250B 

10RHR-250D 

10RHR-45B 

10RHR-45D

DESCRI PTION 
RHR Pumps B & D Suct Drain Conduct

RHR LOOP B 

NORMAL 
POSITION

Page 12 of 21 

ACTUAL INITIALS 
POSITION & DATE

RHR Pump B Seal Cavity Vent Valve Closed

RHR Pump B Casing Drain Valve 

RHR Pump B Seal Leakoff Valve 
RHR Pump B Cooling Water Leakage 
Combined Drain Valve 

RHR Pump D Seal Cavity Vent Valve 

RHR Pump D Casing Drain Valve 

RHR Pump D Seal Leakoff Valve 
RHR Pump D Cooling Water Leakage 
Combined Drain Valve 
Locked 
RHR Pump B Min Flow Isol Valve 
Locked 
RHR Pump D Min Flow Isol Valve 

RHR Pump B Disch Drain Valve 

RHR Pump D Disch Drain Valve 

RHR Pump B Disch Isol Valve 

RHR PumD D Disch Isol Valve

Closed 

Open 

Open 

Closed 

Closed 

Open 

Open 

Open 

Open 

Closed 

Closed 

Locked 

Locked

Open 

Open

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 56 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
EAST CRESCENT 

NORMAL

Page 13 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

IORHR-96B RHR Keep-Full Pump B Min Flow Valve Open 
RHR Keep-Full Pump B 

10RHR-99B Disch to RHR Loop B Isol Valve Open 
RHR Loop B Post Accident 

10RHR-202 Sample Isol Valve Open 
RHR Loop B Torus Spray Line Locked Closed 

10RHR-409B ILRT Connection Isol Valve and Capped 
RHR Loop B Torus Spray Locked Closed 

IORHR-732B Line Drain Valve and Capped 
RHR Heat Exch B 

IOMOV-36B Disch to RCIC Isol Valve Closed 
RHR Pump B Disch Closed 

10RHR-698 Spare Instrument Isol Valve and Capped 
RHR Pump D Disch Closed 

1ORHR-699 Spare Instrument Isol Valve and Capped 
RHR Pump B Suct 10PI-106B & B1 

*IORHR-678 Root Valve Open 
RHR Pump D Suct 10PI-106D 

*IORHR-679 & D1 Root Valve Open 
RHR Pump B 10PI-107B2, 

*IORHR-659 1OPS-120B & 1OPS-120F Root Valve Open 
*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  AOP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page __57 of 79
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TABLE 1 - VALVE LINEUP - RHR LOOP B 
EAST CRESCENT 

NORMAL

Page 14 of 21

ACTUAL INITIALS
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Pump D Disch 
*lORHR-658 10PI-107D2, 1OPS-120D & H Root Valve Open 

Closed 
*lOR!HR-682 RHR Pump B Disch Drain Valve and Capped 

Closed 
*10RPR-683 RHR Pump D Disch Drain Valve and Capped 

RHR Loop B 10PT-120B & 
*lORHR-660 1OPS-123B Root Valve Open 

RHR Loop B 1OFT-109B & 1ODPIS-125B 
*1ORHR-602 Hi Side Root Valve Open 

RHR Loop B 1OFT-109B & 1ODPIS-125B 
*10RHR-601 Lo Side Root Valve Open 

*1ORHR-600 RHR Loop B 1OPS-122B Root Valve Open 
RHR Pump B Motor Upper Closed 

10RHR-778B Bearing Oil Drain and Sample Valve and Capped 
RHR Pump B Motor Lower Closed 

10RHR-779B Bearing Oil Drain and Sample Valve and Capped 
RHR Pump D Motor Upper Closed 

10RHR-778D Bearing Oil Drain and Sample Valve and Capped 
RHR Pump D Motor Lower Closed 

IORHR-779D Bearing Oil Drain and Sample Valve and Capped 
RHR Keep-Full Pump B 

10RHR-425B Suct 10PI-277B Root Valve Open 
RHR Keep-Full Pump B 

10RHR-426B Disch 10PI-278B Root Valve Open 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 58 of 79



VALVE NO.  

10RHR-1103

TABLE 1 - VALVE LINEUP - RHR LOOP B 
EAST CRESCENT

Page 15 of 21

NORMAL ACTUAL 
DESCRIPTION POSITION POSITION 
RHR Keep-Full Pump B Min Flow Check Locked Closed 
Valve RHR-95B ILRT Connection Isol Valveand Capped 
RHR Keep-Full Pump B Min Flow Check Locked Closed

10RHR-1104 Valve RHR-95B ILRT Connection Isol Valveand Capped 
RHR Loop B Torus Cooling Isol Valve 

10RHR-39B-1 1OMOV-39B Bonnet Press Equalizing Valve Locked Open 

WEST CRESCENT 

10RHR-255B RHR Loop B Cond Xfer Isol Valve Closed

INITIALS 
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
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TABLE 1 - VALVE LINEUP - RHR LOOP B 
TORUS AREA

Page 16 of 21

VALVE NO DESCRIPTION
NORMAL ACTUAL 
POSITION POSITION 
Locked Closed

INITIALS 
& DATE

***IOR!HR-408B RHR Loop B Torus Spray Line Vent Valve and Capped 
RHR Pumps B & D Suct From Locked Closed 

10RHR-775B Suppression Pool Drain Valve and Capped 
RHR Pumps 

10MOV-151B B & D Suct Suppr Pool Isol Valve Locked Open* 
RHR Loop B Torus Spray 

**1ORHR-618 1OFT-137B Hi Side Root Valve Open 
RHR Loop B Torus Spray 

**1ORHR-619 IOFT-137B Lo Side Root Valve Open 

* Electrically Disarmed 

**Valves are listed on ST-40H.  

*** Valve position is required to comply with the requirements of 10CFR50, Appendix J.  
Do not administratively change the required position of this valve.ACTS Item 4832

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

O P-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 60 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
DRYWELL ENTRANCE

V1LVRNO-78
10ORHR- 78 B

10RHR-79B

DESCRIPTION 
RHR Loop B LPCI Inbd Isol Valve 
10MOV-25B Inner Inlet Isol Valve 
RHR Loop B LPCI Inbd Isol Valve 
10MOV-25B Outer Inlet Drain Valve

NORMAL 
POSITION 
Locked 
Closed 
Locked 
Closed

Page 17 of 21

ACTUAL 
POSITION

INITIALS 
& DATE

10RHR-767B RHR Loop B Keep-Full 1OLS-104 Root ValveOpen 
RHR Loop B LPCI 

10RHR-256B Cond Xfer Inner Isol Valve Closed 
RHR Loop B LPCI 

10RHR-257B Cond Xfer Outer Isol Valve Closed 
RHR Loop B LPCI Inbd Isol Valve 

10RHR-786B 10MOV-25B Stem Leakoff Valve Open

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  B OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B 
Rev. No. 87 Page 61 of 79



TABLE 1 - VALVE LINEUP - RHR LOOP B 
DRYWELL 

NORMAL

Page 18 of 21

ACTUAL
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Loop B Isol RHR-81B 
10RHR-706 Stem Leakoff Isol Valve Closed 

Locked Open 
10RHR-81B RHR B LPCI to RWR B Loop Isol Valve & Backseated 

RHR Loop B Testable Check AOV-68B 
10RHR-700B Inlet Drain Inner Isol Valve Closed 

RHR Loop B Testable Check AOV-68B 
10RHR-701B Inlet Drain Outer Isol Valve Closed 

RHR Loop B Testable Check AOV-68B 
10RHR-702B Outlet Drain Inner Isol Valve Closed 

RHR Loop B Testable Check AOV-68B 
10RHR-703B Outlet Drain Outer Isol Valve Closed 

RHR Loop B Locked Closed 
1ORHR-735B LPCI ILRT Conn Outer Isol Valve and Capped 

RHR Loop B 
10RHR-736B LPCI ILRT Conn Inner Isol Valve Locked Closed 

RHR Loop B Testable Check AOV-68B 
IORHR-737B Inner ILRT Isol Valve Locked Closed 

RHR Loop B Testable Check AOV-68B Locked Closed 
1ORHR-738B Outer ILRT Isol Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  N OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B Rev. No. 87 Page 62 of 79

INITIALS



TABLE I - VALVE 1EUP - RHR LOOP B 
RHRSW ..,MP ROOM

VALVE NO.

4 , V

NORMAL
DESCRIPTION 

eekje -
9wySITI- POSITION & DATE

g

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  
OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B Rev. No. §7 Page 63 of 79 S., ,, ., .. . . .... , •;

J'�4

It 
L ilvo/.

Page 19 t

ACTUAL INITIALS

-~hd L&- S'ICJzJ. IL -I.o _L1± v e Openl 
RHRSW Pump B Motor Bearing IORHR-272B Cooling Water SuDDly Isol Valve Open 
RHRSW Pump B Motor Bearing 

10H R-744B Coolinq Water Return Tool Valve OnenA 
lxmkled I -ack tRH'-22D RHRSW Pum- D Disch Isol Valve Open 
RHRSW Pump D Motor Bearing 1ORHR-272D Coolin. Water Supnlv Isol Valve ODen.  
RRRSW Pump D Motor Bearing 

IORHR-744D Cooling Water Return Isol Valve Open 
RHRSW Loop B Keep-Full 

JORHR-430B SWS Supply Isol Valve Onen 
RHRSW Loop B Keep-Full 

10RHR-432B SWS Supply Isol Valve Open 
RHRSW Pumps B & D Motors Bearing 10RHR-745 Cooling Water Supply Header Drain Valve Closed 
RHRSW Pumps 1ORHR-754B B & D Disch Header Drain Valve Closed 
RHRSW Pumps B & D Disch 

lORHR-757B Strainer Rasket 2 Drain Valve Closed 
RHRSW Pumps B & D Disch 

1ORHR-7588 Strainer Basket I Drain Valve Closed 
RHRSW Pumps B & D Disch 

10RHR-IIB Strainer B-Eaualizing Valve Closed



TABLE 1 - VALVE LINEUP - RHR LOOP B Page 20 of 21 
RHRSW PUMP ROOM 

NORMAL ACTUAL INITIALS VALVE No. DESCRIPTION 
POSITION POSITION & DATE 

10RHR-630B RHRSW Pump B Disch 10PI-117B Root Valve Open 
10RHR-630D RHRSW Pump D Disch 10PI-117D Root Valve Open 

RHRSW Pumps B & D Disch Strainer B *IORHR-666 1ODPIS-277B Hi Side Root Valve Open 
RHRSW Pumps B & D Disch Strainer B *1IRHR-667 1ODPIS-277B Lo Side Root Valve Open RHRSW Pump B Motor Upper Bearing Closed 10RHR-723B Oil Drain and Sample Valve and Capped 
RHRSW Pump B Motor Lower Bearing Closed 1ORHR-724B Oil Drain and Sample Valve and Capped RHRSW Pump D Motor Upper Bearing Closed 10RHR-723D Oil Drain and Sample Valve and Capped RHRSW Pump D Motor Lower Bearing Closed 10RHR-724D Oil Drain and Sample Valve and Capped RHRSW Loop B Keep-Full Check Valve Closed 10RHR-500B RHR-431B Leak Test Connection Isol Valveand Capped RHRSW Loop B Keep-Full Check Valve Closed 10RHR-501B RHR-431B Leak Test Connection Isol Valveand Capped 

TUNNEL 
10RHR-772B RHRSW Loop B Supply Header Drain Valve Closed 
*Valves are listed on ST-40H.  

COM4PLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  IIOP-13 RESIDUAL HEAT REMOVALSYTMATCHET2 
Rev No 87Page _64 of 79E]j



TABLE 1 - VALVE LINEUP - RHR LOOP B 
REACTOR BUILDING DRYWELL 

ENTRANCE MEZZANINE

Page 21 of 21

NORMAL ACTUAL INITIALS VALVE NO. DESCRIPTION POSITION POSITION & DATE 
RHR Loop B LPCI Keep-Full 

10RHR-781B 1OLS-104 Isol Valve Open 
RHR Loop B LPCI Keep-Full 

IORHR-784B 1OLS-104 Drain Valve Closed 
RHR Loop B LPCI Keep-Full 10RHR-783B 1OLS-104 Drain Valve Closed 
RHR Loop B LPCI Keep-Full 1ORHR-782B N2 Connection 1OLS-104 Drain Valve Closed 
RHR Loop B LPCI Keep-Full 

10RHR-788B 10PI-131B Drain Valve Closed 
RHR Loop B LPCI LLRT Locked Closed 10RHR-789B Connection Isol Valve and Capped 
RHR Loop B LPCI Keep-Full Locked 10RHR-787B 10PI-131B Root Valve Closed 
RHR Loop B LPCI Keep-Full Closed 10RHR-785B N2 Isol Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

IOP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2B II Rev. No. 87 Page 65 of 79 _!



VALVE NO.  

IOMOV-17 

IOMOV-18

DE 

RE 

RE

TABLE 1 - VALVE LINEUP - COMMON TO RHR LOOPS A AND B 
CONTROL ROOM 

NORMAL ACTUAL 
•SCRIPTION POSITION POSITION 

[R Shutdown Cooling Outbd Isol Valve Closed 

ER Shutdown Cooling Inbd Isol Valve Closed

Page 1 of 5 

INITIALS 
& DATE
& DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2C Rev. No. 87 Page 66 of 79



TABLE 1 - VALVE LINEUP - COMMON TO RHR LOOPS A AND B 
EAST CRESCENT

NORMAL

Page 2 of 5

ACTUAL INITIALS

VALVE NO. DESCRIPTION POSITION POSITION & DATEi 
RHR Loops A & B Headers 

lORHR-09 Cross-Tie Isol Valve Locked Closed 
RHR Loops A & B Cross-Tie 

10RHR-770 Inner Drain Valve Closed 
RHR Loops A & B Cross-Tie 

10RHR-771 Outer Drain Valve Closed 

10RHR-410 RHR to RCIC Line Vent Valve Closed 
RHR Shutdown Cooling 

*OPRHR-982 1OPS-118 Root Valve Open 
RHR Loop B Cross-Tie to Fuel 

10RHR-795A Pool Outer Drain Valve Closed 
RHR Loop B Cross-Tie to Fuel Closed 

10RHR-795B Pool Inner Drain Valve and Capped 
RHR Pumps Suct From Fuel Pool 

10RHR-796A Outer Drain Valve Closed 
RHR Pumps Suct From Fuel Closed 

10RHR-796B Pool Inner Drain Valve and Capped 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

I OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2C 
Rev. No. 87 Page 67 of 79



TABLE 1 - VALVE LINEUP - COMMON TO 
WEST CRESCENT

RHR LOOPS A AND B Page 3 of 5

VALVE NO. DESCRIPTION
NORMAL

10RHR-254 RHR Loops A & B Cond Xfer Isol Valve Closed 
RHR Disch Locked 

1OMOV-20 Hdr Cross Tie Valve Closed 
RHR Pumps A & C Shutdown 

10RHR-725 Cooling Inner Drain Valve Closed 
RHR Pumps A & C Shutdown 

10RHR-726 Cooling Outer Drain Valve Closed 
Locked Closed 

1ORHR-741 RHR to RCIC Relief Line Vent Valve and Capped 
RHR Return to RCIC 1OPT-146 & 

*IORHR-603 IOPI-147 Root Valve Open 

*Valves are listed on ST-40H.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

I OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2C 
Rev. No. 87 Page 68 of 79

ACTUAL INITIALS



TABLE 1 - VALVE LINEUP - COMMON TO RHR LOOPS A AND B 
DRYWELL ENTRANCE

Page 4 of 5

NORMAL ACTUAL
VALVE NO. DESCRIPTION POSITION POSITION & DATE 

RHR Shutdown Cooling Outbd Isol Valve 
10RHR-84 1OMOV-17 Upstr Inner ILRT Isol Valve Locked Closed 

RHR Shutdown Cooling Outbd Isol Valve Locked Closed 
10RHR-85 1OMOV-17 Upstr Outer ILRT Isol Valve and Capped 

RHR Shutdown Cooling Outbd Isol Valve 
10RHR-86 10MOV-17 Dnstr Inner ILRT Isol Valve Locked Closed 

RHR Shutdown Cooling Outbd Isol Valve Locked Closed 
10RHR-87 10MOV-17 Dnstr Outer ILRT Isol Valve and Capped 

RHR Shutdown Cooling Outer 
1ORHR-258 Cond Xfer Isol Valve Closed 

RHR Shutdown Cooling Inner 
10RHR-259 Cond Xfer Isol Valve Closed 

RHR Shutdown Cooling Outbd Isol Valve Locked 
10RHR-17-1 10MOV-17 Bonnet Press Equalizing Valve Open 

Locked 
10RHR-440 RHR SDC High Point Vent Valve Closed 

Locked Closed 
10RHR-441 RHR SDC High Point Vent Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2C 
Rev. No. 87 Page 69 of 79
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TABLE 1 - VALVE LINEUP - COMMON TO RHR LOOPS A AND B 
DRYWELL

Page 5 of 5

VALVE NO.  

10RHR-704 

1ORHR-800

10RHR-88

DESCRIPTION 
RHR Shutdown Cooling 
Isol RHR-88 Stem Leakoff Isol Valve 
Shutdown Cooling Inbd Isol MOV-18 
Press Equalizing Valve

RHR Shutdown Coolinq Inbd Isol Valve 
Shutdown Cooling Inner

NORMAL

POSI TIONT C TT~ mm

ACTUAL 
POSTTnTT

INITIALS

Closed 
Locked Open 
& Backseated 
Locked Open 
& Backseated

10RHR-739 ILRT Isol Valve Locked Closed 
Shutdown Cooling Locked Closed 

10RHR-740 Outer ILRT Isol Valve and Capped 

1ORHR-790 Shutdown Cooling Inner Drain Valve Locked Closed 
Locked Closed 

10RHR-791 Shutdown Cooling Outer Drain Valve and Capped

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

I OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 2C 
Rev. No. 87 Page 70 of 79



COMPONENT 
NUMBER 

1oP-3A 

10P-3C

1OP-lA 

lOP-iC 

10MOV-166A 

1OMOV-167A 

10MOV-12A 

10MOV-65A 

10MOV-27A 

10MOV-25A 

1OMOV-13A 

10MOV-13C 

10MOV-15A 

10MOV-15C 

10MOV-16A

TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP A

A 

C

DESCRIPTION 

Residual Heat Removal Pump 

Residual Heat Removal Pump 

RHR Service Water Pump A 

RHR Service Water Pump C 
RHR Heat Exch A Upstr Vent 
to Torus Isol Valve 
RHR Heat Exch A Dnstr 
Vent to Torus Isol Valve 
RHR Heat Exch A 
Outlet Isol Valve 
RHR Heat Exch A 
Shell Inlet Isol Valve 

RHR A LPCI Outbd Ini Valve 

RHR A LPCI Inbd Inj Valve 
RHR Pump A 
Suct Torus Isol Valve 
RHR Pump C 
Suct Torus Isol Valve 
RHR Pump A Suct 
Shutdown Cooling Isol Valve 
RHR Pump C Suct 
Shutdown Cooling Isol Valve 

RHR A Min Flow Isol Valve

ACTUAL INITIALS 
POSITION & DATE

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3A 
Rev. No. 87 Page 71 of 79

POWER 
SUPPLY 

71-10550 

71-10650 

71-10520 

71-10510 

71MCC-151-OCI 

71MCC-151-OC2 

71MCC-151-ODl 

71MCC-153-OD2 

71MCC-155-OH2 

71MCC-155-OJ4 

71MCC-153-OA4 

71MCC-153-OA5 

71MCC-153-0C4 

71MCC-153-OFI 

71MCC-153-OB3

Page 1 of 4

NORMAL 
POSITION 

Racked In 

Racked In 

Racked In 

Racked In 

ON 

ON

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON



TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP A Page 2 of 4 
COMPONENT POWER NORMAL ACTUAL INITIALS NUMBER DESCRIPTION SUPPLY POSITION POSITION & DATE 

RHR Heat Exch A 10MOV-89A Serv Water Outlet Isol Valve 71MCC-151-OD2 ON 
RHR A Cont 

10MOV-26A Spray Outbd Isol Valve 71MCC-152-OF1 ON 
RHR A Cont 1OMOV-31A Spray Inbd Isol Valve 71MCC-152-OF4 ON 
RHR A Torus 

1OMOV-34A Cooling Supply Valve 71MCC-153-OCI ON 
RHR A to Torus 

10MOV-38A Spray Isol Valve 71MCC-153-OC3 ON 
RHR A Torus 10MOV-39A Cooling Isol Valve 71MCC-153-OD1 ON 

10MOV-67 RHR to Radwaste Isol Valve 71BMCC-2-OC2 ON 
RHR to 10MOV-57 Radwaste Throttle Valve 71MCC-151-OD4 ON 
RHR Heat Exch A 10MOV-36A Disch to RCIC Isol Valve 71MCC-153-0C2 ON 
RHR Heat Exch A 10MOV-21A Disch to Torus Isol Valve 71MCC-153-OB4 ON 
RHR Heat Exch A 10MOV-70A Steam Inlet Isol Valve 71MCC-151-OE2 OFF * 

10MOV-66A RHR Heat Exch A Bypass Valve 71MCC-155-OHI ON 
• Valve power supply normal position is OFF to prevent spurious valve operation during 

a postulated Appendix R fire per MOD M1-92-334.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  IReOP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT3Ao 
Re. No. 87 
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TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP A

COMPONENT POWER
NUMBER DESCRIPTION SUPPLY POSITION POSITION & DATE 

RHRSW A to RHR 
10MOV-148A Cross-Tie Upstr Isol Valve 71MCC-151-OD3 ON 

RHRSW A to RHR 
10MOV-149A Cross-Tie Dnstr Isol Valve 71MCC-151-OE3 ON 

RHR Heat Exchanger A Steam 71ESSAI, Fuse 
Inlet 1OPCV-69A 1OA-F20A in 

10SOV-69A Solenoid Valve 09-32 Fuse In 
RHR Heat Exchanger A to 71ESSAI, Fuse 
Torus or RCIC Isol Valve 1OA-F26A in 

IOSOV-71A 10AOV-71A Solenoid Valve 09-32 Fuse In 
RHRSW Loop A to 71ESSAI, Fuse 
RHR Cross-Tie Drain 10A-F30A in 

10SOV-150A Solenoid Valve 09-32 Fuse In 
RHR Heat Exchanger A 71ESSAI, Fuse 
Outlet Inner Sample 10A-FI8A in 

10SOV-263A Solenoid Valve 09-3 Fuse In 
RHR Heat Exchanger A 71ESSAl, Fuse 
Outlet Outer Sample 1OA-F31A in 

10SOV-264A Solenoid Valve 09-3 Fuse In

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

IIOP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3A 
Rev. No. 87 Page 73 of 79

Page 3 of 4

NORMAL



TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP A

COMPONENT POWER NORMAL ACTUAL INITIALS 
NUMBER DESCRIPTION SUPPLY POSITION POSITION & DATE 

71ACUPS, Fuse 
RHR A Testable Check Air 10A-F33 in 

10SOV-68A Supply Isol Solenoid Valve 09-3 Fuse In 

RHR A Logic 71DC-A2 CKT #4 ON 
Fuse 10A-FIA 

Panel 09-32 RHR A Logic & 2A in 09-32 Fuse In 
RHR A LPCI to RWR A 

10RHR-81A Loop Isol Valve Fuse 10A-F15A 
Indication Inside Drywell in 09-3 Fuse In 

Bkrs 3,4,5 
and 12 

Panel 09-3 RHR Instruments Bus A 71ESSAl ON 
RHRSW Pump A Motor Cooling ACB 10520 Trip 

10SOV-101A Water Return Solenoid Valve Coil Circuit Fuse In 
RHRSW Pump C Motor Cooling ACB 10510 Trip 

1OSOV-101C Water Return Solenoid Valve Coil Circuit Fuse In 

10P-2A RHR Keep-Full Pump A 71MCC-153-OEI ON

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

O P-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3A 
Rev. No. 87 Page 74 of 79
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COMPONENT 
NUMBER 

10P-3B 

10P-3D 

1OP-lB 

1OP-ID 

1OMOV-166B 

10MOV-167B 

10MOV-12B 

10MOV-65B 

10MOV-27B 

10MOV-25B 

10MOV-13B 

10MOV-13D 

10MOV-15B 

10MOV-15D 

1OMOV-16B

TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP B

POWER 
CTTDDT.V

,71 -1 n~

71 -1 fl•4f

Residual Heat Removal Pump B 

Residual Heat Removal Pump D 

RHR Service Water Pump B 

RHR Service Water Pump D 
RHR Heat Exch B Upstr 
Vent to Torus Isol Valve 
RHR Heat Exch B Dnstr 
Vent to Torus Isol Valve 
RHR Heat Exch B 
Outlet Isol Valve 
RHR Heat Exch B 
Shell Inlet Isol Valve 

RHR B LPCI Outbd Inj Valve 

RHR B LPCI Inbd Inj Valve 
RHR Pump B 
Suct Torus Isol Valve 
RHR Pump D 
Suct Torus Isol Valve 
RHR Pump B Suct 
Shutdown Cooling Isol Valve 
RHR Pump D Suct 
Shutdown Cooling Isol Valve 

RHR B Min Flow Isol Valve

71MCC-165-OA4 

71MCC-163-OJ4 

71MCC-163-OJ5 

71MCC-163-ODI 

71MCC-163-OG4 

71MCC-163-OH3

NORMAL 
POSITION 

Racked In 

Racked In 

Racked In 

Racked In 

ON 

ON

ACTUAL INITIALS 
POSITION & DATE

ON 

ON

71-10620 

71-10610 

71MCC-161-OCI 

71MCC-161-0C2 

71MCC-161-OBI 

71MCC-163-OF2 

71MCC-165-OB2

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3B 
Rev. No. 87 Page 75 of 79
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J-1 Q 0 %-

'71 -10640

ON 

ON

ON 

ON 

ON 

ON 

ON 

ON 

ON



COMPONENT 
NUMBER 

10MOV-89B 

10MOV-26B 

1OMOV-31B 

10MOV-34B 

10MOV-38B 

10MOV-39B 

10MOV-36B 

10MOV-21B 

1OMOV-70B 

IOMOV-66B

TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP B Pa•

ACTUAL 
POSITION

ge 2 of 4 

INITIALS 
& DATE

* Valve power supply normal position is OFF to prevent spurious valve operation during 
a postulated Appendix R fire per MOD M1-92-334.  

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3B 
Rev. No. 87 Page 76 of 79

DESCRIPTION 
RHR Heat Exch B 
Serv Water Outlet Isol Valve 
RHR B Cont 
Spray Outbd Isol Valve 
RHR B Cont 
Spray Inbd Isol Valve 
RHR B Torus 
Cooling Supply Valve 
RHR B to Torus 
Spray Isol Valve 
RHR B Torus 
Cooling Isol Valve 
RHR Heat Exch B 
Disch to RCIC Isol Valve 
RHR Heat Exch B 
Disch to Torus Isol Valve 
RHR Heat Exch B 
Steam Inlet Isol Valve 

RHR Heat Exch B Bypass Valve

POWER 
SUPPLY 

71MCC-161-OB2 

71MCC-161-0C3 

71MCC-161-OD2 

71MCC-163-OGI 

71MCC-163-OG3 

71MCC-163-OFl 

71MCC-163-OG2 

71MCC-163-OH4 

71MCC-161-OA2 

71MCC-165-OB1

NORMAL 
POSITION 

ON 

ON 

ON 

ON 

ON 

ON 

OFF * 

ON 

OFF * 

ON



TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP B Page 3 of 4

COMPONENT POWER NORMAL ACTUAL INITIALS
NUMBER DESCRIPTION SUPPLY POSITION POSITION & DATE 

RHRSW B to RHR 
10MOV-148B Cross-Tie Upstr Isol Valve 71MCC-161-OB3 ON 

RHRSW B to RHR 
10MOV-149B Cross-Tie Dnstr Isol Valve 71MCC-161-OA3 ON 

RHR Heat Exchanger B Steam 71ESSBl, Fuse 
Inlet 1OPCV-69B 1OA-F20B in 

10SOV-69B Solenoid Valve 09-33 Fuse In 
RHR Heat Exchanger B to 71ESSB1, Fuse 
Torus or RCIC Isol Valve 1OA-F26B in 

IOSOV-71B 1OAOV-71B Solenoid Valve 09-33 Fuse In 
RHRSW Loop B to 71ESSBl, Fuse 
RHR Cross-Tie Drain 1OA-F30B in 

10SOV-150B Solenoid Valve 09-33 Fuse In 
RHR Heat Exchanger B 71ESSBI, Fuse 
Outlet Inner Sample 10A-Fl8B in 

10SOV-263B Solenoid Valve 09-3 Fuse In 
RHR Heat Exchanger B 71ESSBI, Fuse 
Outlet Outer Sample 1OA-F31B in 

10SOV-264B Solenoid Valve 09-3 Fuse In 
71ACUPS, Fuse 

RHR B Testable Check Air 1OA-F33 in 
10SOV-68B Supply Isol Solenoid Valve 09-3 Fuse In 

RHR B Logic 71DC-B2 CKT #1 ON 
Fuse 10A-FIB 

Panel 09-33 RHR B Logic & 2B in 09-33 Fuse In 
RHR B LPCI to RWR B 

10RHR-81B Loop Isol Valve Fuse 10A-F15B 
Indication Inside Drywell in 09-3 Fuse In 

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3B 
Rev. No. 87 Page 77 of 79
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TABLE 2 - MAJOR COMPONENT POWER SUPPLIES - RHR LOOP B Page 4 of 4

COMPONENT POWER NORMAL ACTUAL INITIALS 
NUMBER DESCRIPTION SUPPLY POSITION POSITION & DATE 

Bkrs 3,4,5 
and 8 

Panel 09-3 RHR Instruments Bus B 71ESSBl ON 
RHRSW Pump B Motor Cooling ACB 10620 Trip 

10SOV-101B Water Return Solenoid Valve Coil Circuit Fuse In 
RHRSW Pump D Motor Cooling ACB 10610 Trip 

10SOV-101D Water Return Solenoid Valve Coil Circuit Fuse In 

1OP-2B RHR Keep-Full Pump B 71MCC-163-OE1 ON

I

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3B 
Rev. No. 87 Page 78 of 79



TABLE 2 - MAJOR COMPONENT POWER SUPPLIES 
COMMON TO RHR LOOP A AND B

Page 1 of 1

COMPONENT 
NUMBER

POWER 
SUPPLYDESCRIPTION

NORMAL 
POSITION 
OFF-OVERLOAD

ACTUAL 
POSITION

INITIALS 
& DATE

10MOV-20 RHR Disch Hdr Cross Tie Valve7lMCC-132-OB3 HTRS REMOVED 
RHR Shutdown 

10MOV-18 Cooling Inbd Isol Valve 71MCC-156-OD2 ON 

1ODS-IPCIA07 RHR MOV-18 Disconnect Switch LOCKED OFF 

10IS-1PCIA07 RHR MOV-18 Isol Switch REMOTE 

10MOV-17 Outbd Isol Valve 71BMCC-4-OD2 ON

COMPLETED LINEUPS ARE A QUALITY RECORD TO BE RETAINED PER AP-02.08.  

OP-13 RESIDUAL HEAT REMOVAL SYSTEM* ATTACHMENT 3C 
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RHR - CONTAINMENT CONTROL*

REVISION SUMMARY SHEET 

REV. NO. CHANGE AND REASON FOR CHANGE 

3 Updated cover page to reflect completion of periodic 
review. Superceeds EC dated 4/23/98.  

Incorporated operator aids 513, 514, and 517 for torus 
spray, torus cooling and drywell spray into posted 
attachments. One common posted attachment was created to 
be used for both loops to minimize excessive posted 
attachments. (pcr#6 dated 1/23/98) (posted attachments not 
rev barred) 

Included steps to shut down loop in service into 
Subsections G.1 and G.2 instead of referencing Section F.  
Minimizes chance of missing steps when utilizing multiple 
subsections during a frequently used procedure. (pcr#5 
dated 11/14/97) 

Added information to Section E indicating RHR is 
maintained in standby lineup per ODSO-4. Previous 
information referenced OP-13 which then referenced ODSO-4.  

Deleted note in Subsections D.3 through D.6 which stated 
that the SPRAY CONTROL switch had to be manipulated on 
each successive spray. The step should be performed 
regardless of whether there is a note or not.  

Moved caution boxes to more appropriate locations within 
Subsections G.1, G.2 and D.1 through D.6 to improve user 
interface.  

Added note specifying procedure may continue during 
isolation of condensate transfer in Subsections D.1 
through D.6. The steps following the isolation are not 
impacted.  

Rev. No. 3 Page 2 of 47
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TABLE OF CONTENTS

SECTION 

A. REQUIREMENTS ..... ........  

B. SYSTEM DESCRIPTION......  

C. PLANT OPERATING REQUIREMENTS 

D. STARTUP ..........  

E. NORMAL OPERATION ..........  

F. SHUTDOWN .... ..........

SPECIAL PROCEDURES .... ........  

ATTACHMENTS ...........  

1. REFERENCES .... ..........  

2. TORUS COOLING STARTUP (POSTED) 

3. TORUS SPRAY STARTUP (POSTED) .  

4. DRYWELL SPRAY STARTUP (POSTED)

RHRSW STARTUP AND TEMPERATURE CONTROL (POSTED) 

CONTAINMENT COOLING/SPRAY SHUTDOWN (POSTED)

5.  

6.

PAGE 

4 

4 

4 

6 

S. .. . 23 

S. .. . 24

S. . . . .. . 30 

. . . . . .. . 41 

S. . . . .. . 42 

S. . . . .. . 43 

S. . . . .. . 44 

S. . . . .. . 45

46 

47

Page 3 of 47

G.  

H.

OP-13B

Rev. No. 3



RHR - CONTAINMENT CONTROL*

A. REQUIREMENTS 

A.l Technical Specifications 

Sections 3.5.A, 3.5.B, 3.5.F, and 3.5.G 

A.2 Commitments 

A.2.1 JAFP-94-0228, Response to NRC Bulletin No. 93-02, 
Supplement 1, Debris Plugging of Emergency Core 
Cooling Suction Strainers. Added precaution to 
alert operators of the potential for ECCS suction 
strainer clogging and to adjust flow consistent 
with required needs to mitigate the clogging.  

A.3 Validation 

Procedure developed from OP-13, Revision 74, which was 
validated per ODSO-35.  

B. SYSTEM DESCRIPTION 

Refer to Section B of OP-13.  

C. PLANT OPERATING REQUIREMENTS 

C.1 Prerequisites 

RHR System valves, power supplies, and support systems are 
lined up per OP-13, with exceptions approved by Shift 
Manager.  

C.2 Precautions 

I COMA. 2.1 
C.2.1 Blockage of ECCS pump suction strainers could occur 

due to debris in the Torus. Within the latitude 
provided by EOPs to restore and maintain parameters 
within specified limits, potential mitigative 
actions may include: 

"* Minimizing ECCS flow or removing affected 
ECCS pumps from service 

"* Alternating ECCS pumps from one division 
to another, if available 

" Shifting ECCS pump suction to another source, 
if available 

"* Operation of alternate injection sources

Page 4 of 47
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C.2.2 RES Radiation Protection shall be notified before: 

"* RHR System piping is drained 

"* RHR System is started up in any mode of 
operation, unless an emergency exists 

C.2.3 An extremely large drain path exists from the RPV 
to the torus if either of the following conditions 
occur: 

" 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
and the associated 10MOV-13A, B, C, or D are 
open at the same time.  

" 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
are open and the associated RHR loop torus spray 
or torus cooling motor operated isolation valves 
are open.  

The following valves are interlocked to prevent 
establishing this drain path: 

"* 10MOV-15A, B, C, and D 

"* 10MOV-13A, B, C, and D 

"* 10MOV-39A and B 

These interlocks shall not be defeated unless 
system boundaries are isolated.  

C.2.4 Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in 
parallel at flows less than 13000 gpm should be 
minimized to prevent high pump vibration.  

C.2.5 Running an RHR pump for greater than 10 minutes 
with only its minimum flow valve open could damage 
the pump.  

C.2.6 An RHR loop will drain down if power is lost to RHR 
pumps operating in a containment control mode. RHR 
loop keepfull alarms shall be cleared prior to 
manually restarting an RHR pump in that loop. ARP 
09-3-1-18 RHR A OR B DISCH LINE NOT FULL provides 
guidance for clearing keepfull alarms.  

Rev. No. 3 Page 5 of 47
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RHR - CONTAINMENT CONTROL*

NOTE: The LPCI MOV bus charger/inverters are affected by harsh 
radiation fields. LPCI MOV Bus A Inverter 71INV-3A could 
be limited to 80 hours of operation due to radiation 
induced failure following a LOCA. LPCI MOV Bus B Inverter 
71INV-3B could be limited to 6 hours of operation due to 
radiation induced failure following a LOCA.  

D. STARTUP 

NOTE: Subsections D.1 through D.6 may be performed independently 
or concurrently.  

TABLE OF CONTENTS

SUBSECTION 

D.l RHR Loop A Torus Cooling Startup 

D.2 RHR Loop B Torus Cooling Startup 

D.3 RHR Loop A Torus Spray Startup 

D.4 RHR Loop B Torus Spray Startup 

D.5 RHR Loop A Drywell Spray Startup 

D.6 RHR Loop B Drywell Spray Startup

PAGE 

. . . . . . . . . . . . 7 

S. . . . . . . . . .. . 10 

S. . . . . . . . . .. . 13 

S. . . . . . . . . .. . 15 

S. . . . . . . . . .. . 17 

S. . . . . . . . . .. . 20
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RHR - CONTAINMENT CONTROL*

D.1 RHR Loop A Torus Cooling Startup 

D.1.1 IF a LPCI auto-initiation signal is sealed in, 
THEN perform the following: 

a. IF RPV water level is LESS THAN zero inches on 
fuel zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-SlBA keylock switch in MANUAL 
OVERRD.  

b. Place SPRAY CNTRL 10A-S17A switch to MANUAL, 
spring return to normal.  

c. Verify white SPRAY PERM 1OA-DS67A light is on.  

CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.

NOTE: Both RHR pumps are required to be running for 
maximum torus cooling.

D.1.2 Ensure at least one of the following RHR pumps is 
running: 

"* RHR PMP 1OP-3A 
"* RHR PMP 1OP-3C

Page 7 of 47

CAUTION 

Operating both RHR loops in torus cooling should be 
avoided, unless it is required to maintain torus water 
temperature less than 95 0 F, or it has been directed by 
an AOP, EOP, or test procedure.
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RHR - CONTAINMENT CONTROL*

NOTE: 10MOV-34A may be throttled when 10MOV-39A has dual 
position indication.  

D.1.3 Open RHR TEST TORUS CLG & SPRAY 10MOV-39A.  

D.1.4 Throttle RHR TEST & TORUS CLG 10MOV-34A to 
establish desired flow.  

D.1.5 WHEN RHR Loop A flow is GREATER THAN 1100 gpm, 
ensure closed MIN FLOW VLV 10MOV-16A.  

D.1.6 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-134 1OLS-105A

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.

NOTE: Both RHRSW pumps are required to be running 
for maximum torus cooling.  

b. Start at least one of the following RHRSW pumps: 

"* RHRSW PMP 10P-lA 
"* RHRSW PMP 10P-IC 

c. Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish 2500 to 4000 gpm per RHRSW pump.  

NOTE: If a LPCI auto-initiation signal is present, 
10MOV-66A will have a sealed in open signal for 
3 minutes from when LPCI auto-initiated.  

D.1.7 Close HX A BYP VLV 10MOV-66A.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated.  

D.1.8 IF RHR Loop A condensate transfer keep-full 
is in service, 
AND RHR Loop A pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).

Page 8 of 47
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RHR - CONTAINMENT CONTROL* OP-13B 

D.1.9 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 680F.  

D.1.10 Control containment heat removal rate using one or 
a combination of the following methods: 

"* Throttle RHR TEST & TORUS CLG 10MOV-34A.  

"* Start or stop second RHR pump in RHR Loop A.  

* Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A.  

* Start or stop second RHRSW pump in RHRSW Loop A.  

* Shut down RHRSW Loop A per Section F of OP-13C.  

Rev. No. 3 Page 9 of 47



RHR - CONTAINMENT CONTROL*

D.2 RHR Loop B Torus Cooling Startup

D.2.1

NOTE:

IF a LPCI auto-initiation signal is sealed in, 
THEN perform the following: 

a. IF RPV water level is LESS THAN zero inches on 
fuel zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-S18B keylock switch in MANUAL 
OVERRD.  

b. Place SPRAY CNTRL 10A-S17B switch to MANUAL, 
spring return to normal.  

c. Verify white SPRAY PERM 1OA-DS67B light is on.

Both RHR pumps are required to be running for 
maximum torus cooling.

D.2.2 Ensure at least one of the following RHR pumps is 
running: 

"* RHR PMP 1OP-3B 
"* RHR PMP 1OP-3D

Rev. No. 3

CAUTION 

Operating both RHR loops in torus cooling should be 
avoided, unless it is required to maintain torus water 
temperature less than 95 0 F, or it has been directed by 
an AOP, EOP, or test procedure.

CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.

OP-13B
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RHR - CONTAINMENT CONTROL*

RE

NOTE: 10MOV-34B may be throttled when 10MOV-39B has dual 
position indication.  

D.2.3 Open RHR TEST TORUS CLG & SPRAY 10MOV-39B.  

D.2.4 Throttle RHR TEST & TORUS CLG 10MOV-34B to 
establish desired flow.  

D.2.5 WHEN RHR Loop B flow is GREATER THAN 1100 gpm, 
ensure closed MIN FLOW VLV 10MOV-16B.  

D.2.6 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-135 1OLS-105B 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

NOTE: Both RHRSW pumps are required to be running 

for maximum torus cooling.  

b. Start at least one of the following RHRSW pumps: 

"* RHRSW PMP 1OP-lB 
"* RHRSW PMP 1OP-lD 

c. Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish 2500 to 4000 gpm per RHRSW pump.  

NOTE: If a LPCI auto-initiation signal is present, 
10MOV-66B will have a sealed in open signal for 
3 minutes from when LPCI auto-initiated.  

D.2.7 Close HX B BYP VLV 10MOV-66B.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated.  

D.2.8 IF RHR Loop B condensate transfer keep-full is in 
service, 
AND RHR Loop B pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

ev. No. 3 Page 11 of 47
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RHR - CONTAINMENT CONTROL*

D.2.9 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 68 0 F.  

D.2.10 Control containment heat removal rate using one or 

a combination of the following methods: 

* Throttle RHR TEST & TORUS CLG 10MOV-34B.  

* Start or stop second RHR pump in RHR Loop B.  

* Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B.  

* Start or stop second RHRSW pump in RHRSW Loop B.  

* Shut down RHRSW Loop B per Section F of OP-13C.

Page 12 of 47
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RHR - CONTAINMENT CONTROL*

D.3 RHR Loop A Torus Spray Startup 

D.3.1 Verify torus pressure is GREATER THAN 2.7 psig.  

D.3.2 IF RPV water level is LESS THAN zero inches on fuel 
zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-S18A keylock switch in MANUAL OVERRD.  

D.3.3 Place SPRAY CNTRL 10A-S17A switch to MANUAL, spring 
return to normal.  

D.3.4 Verify white SPRAY PERM 1OA-DS67A light is on.  

CAUTION 

Starting-an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.

D.3.5 Ensure available RHR pumps in RHR Loop A are 
running: 

"* RHR PMP 1OP-3A 
"* RHR PMP 1OP-3C 

NOTE: 10MOV-38A may be throttled when 10MOV-39A has dual 
position indication.  

D.3.6 Open RHR TEST TORUS CLG & SPRAY 10MOV-39A.  

D.3.7 Throttle TORUS SPRAY INBD VLV 10MOV-38A to 
establish desired torus spray flow rate.  

D.3.8 WHEN RHR Loop A flow is GREATER THAN 1100 gpm, 
ensure closed MIN FLOW VLV 10MOV-16A.  

Rev. No. 3 Paae 13 of 47
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Subsection D.3 shall only be used when directed by 
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RHR - CONTAINMENT CONTROL*

D.3.9 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-134 1OLS-105A 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

b. Ensure available RHRSW pumps in RHRSW Loop A are 
running: 

"* RHRSW PMP 10P-lA 
"* RHRSW PMP 10P-IC 

c. Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish 4000 gpm per RHRSW pump.  

NOTE: 10MOV-66A will have a sealed in open signal for 
3 minutes from when LPCI logic auto-initiated.  

D.3.10 Close HX A BYP VLV 10MOV-66A.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated.  

D.3.11 IF RHR Loop A condensate transfer keep-full is in 
service, 
AND RHR Loop A pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).  

D.3.12 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 68 0 F.  

D.3.13 Control containment heat removal rate using one or 

a combination of the following methods: 

* Throttle TORUS SPRAY INBD VLV 10MOV-38A.  

"* Start or stop second RHR pump in RHR Loop A.  

"* Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A.  

"* Start or stop second RHRSW pump in RHRSW Loop A.  

"* Shut down RHRSW Loop A per Section F of OP-13C.  

Rev. No. 3 Page 14 of 47
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D.4 RHR Loop B Torus Spray Startup

D.4.1 

D.4.2

Verify torus pressure is GREATER THAN 2.7 psig.  

IF RPV water level is LESS THAN zero inches on fuel 
zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-S18B keylock switch in MANUAL OVERRD.

D.4.3 Place SPRAY CNTRL 10A-Sl7B switch to MANUAL, spring 
return to normal.  

D.4.4 Verify white SPRAY PERM 1OA-DS67B light is on.  

CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

D.4.5 Ensure available RHR pumps in RHR Loop B are 
running: 

"* RHR PMP 10P-3B 
"* RHR PMP 1OP-3D 

NOTE: 10MOV-38B may be throttled when 10MOV-39B has dual 
position indication.  

D.4.6 Open RHR TEST TORUS CLG & SPRAY 10MOV-39B.  

D.4.7 Throttle TORUS SPRAY INBD VLV 10MOV-38B to 
establish desired torus spray flow rate.  

D.4.8 WHEN RHR Loop B flow is GREATER THAN 1100 gpm, 
ensure closed MIN FLOW VLV 10MOV-16B.

Page 15 of 47
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D.4.9 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-135 1OLS-105B 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

b. Ensure available RHRSW pumps in RHRSW Loop B are 
running: 

"• RHRSW PMP 10P-lB 
"* RHRSW PMP 10P-ID 

c. Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish 4000 gpm per RHRSW pump.  

NOTE: 10MOV-66B will have a sealed in open signal for 
3 minutes from when LPCI logic actuated.  

D.4.10 Close HX B BYP VLV 10MOV-66B.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated. I 

D.4.11 IF RHR Loop B condensate transfer keep-full is in 
service, 
AND RHR Loop B pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

D.4.12 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 68 0 F.  

D.4.13 Control containment heat removal rate using one or 

a combination of the following methods: 

"* Throttle TORUS SPRAY INBD VLV 10MOV-38B.  

"* Start or stop second RHR pump in RHR Loop B.  
"* Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B.  

"* Start or stop second RHRSW pump in RHRSW Loop B.  

"* Shut down RHRSW Loop B per Section F of OP-13C.  

Rev. No. 3 Page 16 of 47
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D.5 RHR Loop A Drywell Spray Startup 

D.5.1 Ensure the following components are tripped:

RWR Pumps 

"* 02-2P-IA 
"* 02-2P-IB

Drvwell Coolinq Fans

"* 68FN-2A, B, C, and D 
"* 68FN-4A, B, C, and D

D.5.2 Verify drywell temperature and pressure are within 
the Drywell Spray Initiation Limit.  

D.5.3 IF RPV water level is LESS THAN zero inches on 
fuel zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-S18A keylock switch in MANUAL OVERRD.  

D.5.4 Place SPRAY CNTRL 10A-S17A switch to MANUAL, 
spring return to normal.  

D.5.5 Verify white SPRAY PERM 10A-DS67A light is on.  

CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and e 'quipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

D.5.6 Ensure available RHR pumps in RHR Loop A are 
running: 

"* RHR PMP 1OP-3A 
"* RHR PMP 10P-3C

Page 17 of 47
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D.5.7 Open DW SPRAY OUTBD VLV 10MOV-26A.  

D.5.8 Throttle DW SPRAY INBD VLV 10MOV-31A to establish 
desired drywell spray flow rate.  

D.5.9 WHEN RHR Loop A flow is GREATER THAN 1100 gpm, 

ensure closed MIN FLOW VLV 10MOV-16A.  

D.5.10 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-134 1OLS-105A 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

b. Ensure available RHRSW pumps in RHRSW Loop A are 
running: 

"* RHRSW PMP 10P-lA 
"* RHRSW PMP 10P-IC 

c. Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish 4000 gpm per RHRSW pump.  

NOTE: 10MOV-66A will have a sealed in open signal for 

3 minutes from when LPCI auto-initiated.  

D.5.11 Close HX A BYP VLV 10MOV-66A.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated.  

D.5.12 IF RHR Loop A condensate transfer keep-full is in 
service, 
AND RHR Loop A pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).
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D.5.13 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 68 0 F.  

D.5.14 Control containment heat removal rate using one or 
a combination of the following methods: 

"* Throttle DW SPRAY INBD VLV 10MOV-31A.  

"* Start or stop second RHR pump in RHR Loop A.  

"* Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A.  

"* Start or stop second RHRSW pump in RHRSW Loop A.  

* Shut down RHRSW Loop A per Section F of OP-13C.
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RHR - CONTAINMENT CONTROL*

D.6 RHR Loop B Drywell Spray Startup 

D.6.1 Ensure the following components are tripped:

RWR Pumps 

"* 02-2P-IA 
"* 02-2P-IB

Drvwell Coolinq Fans

"* 68FN-2A, B, C, and D 
"* 68FN-4A, B, C, and D

D.6.2 Verify drywell temperature and pressure are within 
the Drywell Spray Initiation Limit.  

D.6.3 IF RPV water level is LESS THAN zero inches on fuel 
zone water level indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL 
ZONE LVL 10A-S18B keylock switch in MANUAL OVERRD.  

D.6.4 Place SPRAY CNTRL 10A-S17B switch to MANUAL, spring 

return to normal.  

D.6.5 Verify white SPRAY PERM 1OA-DS67B light is on.

CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

D.6.6 Ensure available RHR pumps in RHR Loop B are 
running: 

"* RHR PMP 1OP-3B 
"* RHR PMP 1OP-3D
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CAUTION 

Subsection D.6 shall only be used when directed by 
EOP-4.
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RHR - CONTAINMENT CONTROL*

D.6.7 Open DW SPRAY OUTBD VLV 10MOV-26B.  

D.6.8 Throttle DW SPRAY INBD VLV 10MOV-31B to establish 
desired drywell spray flow rate.  

D.6.9 WHEN RHR Loop B flow is GREATER THAN 1100 gpm, 
ensure closed MIN FLOW VLV 10MOV-16B.  

D.6.10 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-135 1OLS-105B 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

b. Ensure available RHRSW pumps in RHRSW Loop B are 
running: 

"* RHRSW PMP 10P-lB 
"* RHRSW PMP 10P-ID 

c. Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish 4000 gpm per RHRSW pump.  

NOTE: 10MOV-66B will have a sealed in open signal for 

3 minutes from when LPCI auto-initiated.  

D.6.11 Close HX B BYP VLV 10MOV-66B.  

NOTE: Procedure may be continued while condensate 
transfer is being isolated. I 

D.6.12 IF RHR Loop B condensate transfer keep-full is in 
service, 
AND RHR Loop B pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  
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RHR - CONTAINMENT CONTROL*

D.6.13 WHILE performing the following step, maintain torus 
water temperature GREATER THAN 68OF.  

D.6.14 Control containment heat removal rate using one or 

a combination of the following methods: 

"* Throttle DW SPRAY INBD VLV 10MOV-31B.  

"* Start or stop second RHR pump in RHR Loop B.  

"* Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B.  

"* Start or stop second RHRSW pump in RHRSW Loop B.  

"* Shut down RHRSW Loop B per Section F of OP-13C.
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RHR - CONTAINMENT CONTROL* OP-13B 

E. NORMAL OPERATION 

During normal plant operation, RHR System is maintained in a 

standby LPCI lineup, Control Room indications, controls, and 
switches lined up per ODSO-4.  
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RHR - CONTAINMENT CONTROL*

NOTE: The LPCI MOV bus charger/inverters are affected by harsh 
radiation fields. LPCI MOV Bus A Inverter 71INV-3A could 
be limited to 80 hours of operation due to radiation 
induced failure following a LOCA. LPCI MOV Bus B Inverter 
71INV-3B could be limited to 6 hours of operation due to 
radiation induced failure following a LOCA.  

F. SHUTDOWN 

NOTE: Subsections F.1 through F.8 may be performed independently 
or concurrently.  

TABLE OF CONTENTS

SUBSECTION 

F.1 RHR Loop A Torus Cooling Shutdown 
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RHR - CONTAINMENT CONTROL*

F.1 RHR Loop A Torus Cooling Shutdown 

F.1.1 Close RHR TEST & TORUS CLG 10MOV-34A.  

F.1.2 IF RHR Loop A flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16A.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.1.3 IF RHR Loop A operation is not required, 

THEN shut down RHR Loop A per Subsection F.7.  

F.2 RHR Loop B Torus Cooling Shutdown 

F.2.1 Close RHR TEST & TORUS CLG 10MOV-34B.  

F.2.2 IF RHR Loop B flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16B.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.2.3 IF RHR Loop B operation is not required, 
THEN shut down RHR Loop B per Subsection F.8.
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RHR - CONTAINMENT CONTROL*

F.3 RHR Loop A Torus Spray Shutdown 

F.3.1 Close TORUS SPRAY INBD VLV 10MOV-38A.  

F.3.2 IF RHR Loop A flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16A.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.3.3 IF RHR Loop A operation is not required, 

THEN shut down RHR Loop A per Subsection F.7.  

F.4 RHR Loop B Torus Spray Shutdown 

F.4.1 Close TORUS SPRAY INBD VLV 10MOV-38B.  

F.4.2 IF RHR Loop B flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16B.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.4.3 IF RHR Loop B operation is not required, 
THEN shut down RHR Loop B per Subsection F.8.

Page 26 of 47

OP-13B

Rev. No. 3



RHR - CONTAINMENT CONTROL* OP-13B 

F.5 RHR Loop A Drywell Spray Shutdown 

F.5.1 Close DW SPRAY INBD VLV 10MOV-31A.  

F.5.2 IF RHR Loop A flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16A.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.5.3 IF RHR Loop A operation is not required, 

THEN shut down RHR Loop A per Subsection F.7.  

F.6 RHR Loop B Drywell Spray Shutdown 

F.6.1 Close DW SPRAY INBD VLV 10MOV-31B.  

F.6.2 IF RHR Loop B flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16B.  

CAUTION 

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.  

F.6.3 IF RHR Loop B operation is not required, 
THEN shut down RHR Loop B per Subsection F.8.
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RHR - CONTAINMENT CONTROL* OP-13B 

F.7 RHR Loop A Shutdown From Torus Cooling or Containment Spray 
Mode 

F.7.1 Ensure one of the RUR Loop A keep-full systems is 

in service as follows: 

* RMR KEEP-FULL PMP 1OP-2A is running, 

OR 

* 1ORHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is 
throttled open.  

F.7.2 Ensure closed the following valves: 

a RHR TEST & TORUS CLG IOMOV-34A 

* TORUS SPRAY INBD VLV 10MOV-38A 

• DW SPRAY INBD VLV 10MOV-31A 

F.7.3 Ensure the following R}IR pumps are stopped: 

"* RIUR PMP 10P-3A 

"* RHR PMP 10P-3C 

F.7.4 Ensure closed the following valves: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39A 

"* DW SPRAY OUTED VLV 10MOV-26A 

F.7.5 Ensure open MIN FLOW VLV 10MOV-16A.  

F.7.6 Ensure open HX A BYP VLV 10MOV-66A.  

F.7.7 IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

a. Close RHRSW DISCH VLV FROM HX A 10MOV-89A.  

b. Ensure the following RHRSW pumps are stopped: 

* RHRSW PMP 10P-IA 

* RHRSW PMP lOP-iC

Page 28 of 47Rev. No. 3



RHR - CONTAINMENT CONTROL*

F.8 RHR Loop B Shutdown From Torus Cooling or Containment Spray 
Mode 

F.B.1 Ensure one of the RHR Loop B keep-full systems is 
in service as follows: 

* RHR KEEP-FULL PMP 1OP-2B is running, 

OR 

* 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is throttled 
open.  

F.8.2 Ensure closed the following valves: 

"• RHR TEST & TORUS CLG 10MOV-34B 

"* TORUS SPRAY INBD VLV 10MOV-38B 

"* DW SPRAY INBD VLV 10MOV-31B 

F.8.3 Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3B 

"* RHR PMP 1OP-3D 

F.8.4 Ensure closed the following valves: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39B 

"* DW SPRAY OUTBD VLV 10MOV-26B 

F.8.5 Ensure-open MIN FLOW VLV 10MOV-16B.  

F.8.6 Ensure open HX B BYP VLV 10MOV-66B.  

F.8.7 IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

a. Close RHRSW DISCH VLV FROM HX B 10MOV-89B.  

b. Ensure the following RHRSW pumps are stopped: 

"* RHRSW PMP 10P-lB 

"• RHRSW PMP 10P-ID 
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RHR - CONTAINMENT CONTROL* OP-13B 

G. SPECIAL PROCEDURES 

NOTE: Subsections G.1 through G.4 are independent procedures and 
may be performed in any order, provided steps within each 
subsection are performed in the order written.  

TABLE OF CONTENTS 

SUBSECTION PAGE 

G.1 Pumping Torus Water to Reactor Building 
Equipment Drain Discharge Header With RHR Loop A . . .. 31 

G.2 Pumping Torus Water to Reactor Building 
Equipment Drain Discharge Header With RHR Loop B . . . . 35 

G.3 Raising Torus Water Level With RHR Loop A .. ....... .. 39 

G.4 Raising Torus Water Level With RHR Loop B .. ....... .. 40
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RHR - CONTAINMENT CONTROL*

G.1 Pumping Torus Water to Reactor Building 
Equipment Drain Discharge Header With RHR Loop A 

G.1.1 IF water is to be pumped to a radwaste storage 
tank, 
THEN direct radwaste operator to perform the 
following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to the desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.1.2 IF water is to be pumped to the main condenser 
hotwell, 
THEN perform the following: 

a. Notify RES Radiation Protection.  

b. Ensure main condenser vacuum is approximately 
zero inches Hg (atmospheric pressure).  

c. Close 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

d. Open 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

G.1.3 Open RHR pump discharge drain valve: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3A 10RHR-250A 

1OP-3C 10RHR-250C
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CAUTION 

Operating both RHR loops in torus cooling should be 
avoided, unless it is required to maintain torus water 
temperature less than 950 F, or it has been directed by 
an AOP, EOP, or test procedure.
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RHR - CONTAINMENT CONTROL*

G.1.4 Ensure one of the following RHR pumps is running: 

"* RHR PMP 1OP-3A 

"* RHR PMP 1OP-3C 

NOTE: 10MOV-34A may be throttled when 10MOV-39A has dual 
position indication.  

G.1.5 Ensure open RHR TEST TORUS CLG & SPRAY 10MOV-39A.  

G.1.6 Throttle RHR TEST & TORUS CLG 10MOV-34A to 
establish desired RHR Loop A flow.  

G.1.7 IF RHR Loop A condensate transfer keep-full is in 
service, 
AND RHR Loop A pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).  

G.1.8 Open RHR DISCH TO RADW 10MOV-67.  

G.1.9 Throttle RHR DISCH TO RADW 10MOV-57 to control flow 
to reactor building equipment drain discharge 
header.  

G.1.10 WHILE pumping torus water, monitor torus water 
level using multiple indications.  

G.1.11 WHEN desired torus water level is reached, close 
RHR DISCH TO RADW 10MOV-57.  

G.1.12 Close RHR DISCH TO RADW 10MOV-67.  
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CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.
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G.1.13 IF RHR Loop A operation is not required, 
THEN shut down RHR Loop A as follows: 

a. Ensure one of the RHR Loop A keep-full systems 

is in service as follows: 

"* RHR KEEP-FULL PMP 1OP-2A is running, 

OR 

"* 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is 
throttled open.  

b. Ensure closed RHR TEST & TORUS CLG 10MOV-34A.  

c. Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3A 

"* RHR PMP 1OP-3C 

d. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39A.  

e. Ensure open MIN FLOW VLV 10MOV-16A.  

f. Ensure open HX A BYP VLV 10MOV-66A.  

g. IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

1) Close RHRSW DISCH VLV FROM HX A 10MOV-89A.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-IA 

"• RHRSW PMP 10P-IC 

G.1.14 Close RHR pump discharge drain valve for the RHR 
pump that was used to pump torus water: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3A 10RHR-250A 

1OP-3C 10RHR-250C
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RHR - CONTAINMENT CONTROL* OP-13B 

G.1.15 IF the reactor building equipment drain discharge 
header was lined up to the main condenser hotwell, 
THEN perform the following: 

a. Close 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

b. Open 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).
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G.2 Pumping Torus Water to Reactor Building 
Equipment Drain Discharge Header With RHR Loop B 

G.2.1 IF water is to be pumped to a radwaste storage 
tank, 
THEN direct radwaste operator to perform the 
following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.2.2 IF water is to be pumped to the main condenser 
hotwell, 
THEN perform the following: 

a. Notify RES Radiation Protection.  

b. Ensure main condenser vacuum is zero inches Hg 
(atmospheric pressure).  

c. Close 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

d. Open 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

G.2.3 Open RHR pump discharge drain valve: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3B 10RHR-250B 

1OP-3D 10RHR-250D
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CAUTION 

Operating both RHR loops in torus cooling should be 
avoided, unless it is required to maintain torus water 
temperature less than 950 F, or it has been directed by 
an AOP, EOP, or test procedure.
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G.2.4 Ensure one of the following RHR pumps is running: 

"* RHR PMP 10P-3B 

"* RHR PMP 1OP-3D 

NOTE: 10MOV-34B may be throttled when 10MOV-39B has dual 
position indication.  

G.2.5 Ensure open RHR TEST TORUS CLG & SPRAY 10MOV-39B.  

G.2.6 Throttle RHR TEST & TORUS CLG 10MOV-34B to 
establish desired RHR Loop B flow.  

G.2.7 IF RHR Loop B condensate transfer keep-full is in 
service, 
AND RHR Loop B pressure is LESS THAN condensate 
transfer pressure, 
THEN close 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

G.2.8 Throttle open 10RHR-253 (RHR pumps B & D disch 
drains to equip sump isol valve) to control flow to 
reactor building equipment drain discharge header.  

G.2.9 WHILE pumping torus water, monitor torus water 
level using multiple indications.  

G.2.10 WHEN desired torus water level is reached, close 
10RHR-253.  
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CAUTION 

Starting an RHR pump in an RHR loop that is not full 
could result in severe water hammer and equipment 
damage. RHR loop piping shall be full prior to 
manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 
6500 gpm or operation of any two RHR pumps in parallel 
at flows less than 13000 gpm should be minimized to 
prevent high pump vibration.
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G.2.11 IF RHR Loop B operation is not required, 
THEN shut down RHR Loop B as follows: 

a. Ensure one of the RHR Loop B keep-full systems 
is in service as follows: 

"* RHR KEEP-FULL PMP 10P-2B is running, 

OR 

"* 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is 
throttled open.  

b. Ensure closed RHR TEST & TORUS CLG 10MOV-34B.  

c. Ensure the following RHR pumps are stopped: 

"* RHR PMP 10P-3B 

"* RHR PMP 1OP-3D 

d. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39B.  

e. Ensure open MIN FLOW VLV 10MOV-16B.  

f. Ensure open HX B BYP VLV 10MOV-66B.  

g. IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

1) Close RHRSW DISCH VLV FROM HX B 10MOV-89B.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-lB 

"* RHRSW PMP 10P-ID 

G.2.12 Close RHR pump discharge drain valve for the RHR 
pump that was used to pump torus water: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3B 10RHR-250B 

1OP-3D 10RHR-250D
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G.2.13 IF the reactor building equipment drain discharge 
header was lined up to the main condenser hotwell, 
THEN perform the following: 

a. Close 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

b. Open 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  
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G.3 Raising Torus Water Level With RHR Loop A 

G.3.1 IF RHR Loop A is in a LPCI standby lineup, 
THEN raise torus water level as follows: 

a. Ensure open 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve).  

b. Open HX A INBD VENT VLV 10MOV-166A.  

c. Open HX A OUTBD VENT VLV 10MOV-167A.  

d. WHILE raising torus water level, monitor torus 
water level using multiple indications.  

e. WHEN desired torus water level is reached, close 

the following valves: 

* HX A INBD VENT VLV 10MOV-166A 

* HX A OUTBD VENT VLV 10MOV-167A 

f. IF RHR KEEP-FULL PMP 1OP-2A is running, 
THEN close 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve).  

G.3.2 IF RHR Loop A flow is being returned to the torus, 
THEN raise torus water level as follows: 

a. Open 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).  

b. Raise RHR Loop A flow until RHR Loop A pressure 
is LESS THAN condensate transfer pressure.  

c. WHEN desired torus water level is reached, 
perform the following: 

1) IF RHR KEEP-FULL PMP 1OP-2A is running, 
THEN close 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve).  

2) IF RHR KEEP-FULL PMP 1OP-2A is stopped, 
AND RHR Loop A pressure is LESS THAN 
condensate transfer pressure, 
THEN close 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve).  
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G.4 Raising Torus Water Level With RHR Loop B 

G.4.1 IF RHR Loop B is in a LPCI standby lineup, 
THEN raise torus water level as follows: 

a. Open 1ORHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

b. Open HX B INBD VENT VLV 10MOV-166B.  

c. Open HX B OUTBD VENT VLV 10MOV-167B.  

d. WHILE raising torus water level, monitor torus 
water level using multiple indications.  

e. WHEN desired torus water level is reached, close 

the following valves: 

"* HX B INBD VENT VLV 10MOV-166B 

"* HX B OUTBD VENT VLV 10MOV-167B 

f. IF RHR KEEP-FULL PMP 1OP-2B is running, 
THEN close 10RHR-260 (RHR loop B reactor head 
spray keep-full 1OPCV-266 bypass valve).  

G.4.2 IF RHR Loop B flow is being returned to the torus, 
THEN raise torus water level as follows: 

a. Open 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

b. Raise RHR Loop B flow until RHR Loop B pressure 
is LESS THAN condensate transfer pressure.  

c. WHEN desired torus water level is reached, 
perform the following: 

1) IF RHR KEEP-FULL PMP 1OP-2B is running, 
THEN close 10RHR-260 (RHR loop B reactor 
head spray keep-full 1OPCV-266 bypass 
valve).  

2) IF RHR KEEP-FULL PMP 1OP-2B is stopped, 
AND RHR Loop B pressure is LESS THAN 
condensate transfer pressure, 
THEN close 10RHR-260 (RHR loop B reactor 
head spray keep-full 1OPCV-266 bypass 
valve).  
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H. ATTACHMENTS 

1. REFERENCES 

2. TORUS COOLING STARTUP (POSTED) 

3. TORUS SPRAY STARTUP (POSTED) 

4. DRYWELL SPRAY STARTUP (POSTED) 

5. RHRSW STARTUP AND TEMPERATURE CONTROL (POSTED) 

6. CONTAINMENT COOLING/SPRAY SHUTDOWN (POSTED)
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ATTACHMENT 1 Page 1 of 1 

REFERENCES 

1.0 Performance References 

1.1 OP-13, Residual Heat Removal System* 

1.2 OP-13C, RHR Service Water* 

2.0 Developmental References 

2.1 OP-13, Revision 74, Residual Heat Removal System* 

2.2 FSAR Section 4.8 

2.3 System Flow Diagrams: 

"* FM-20A Flow Diagram Residual Heat Removal Sheet 1 

"* FM-20B Flow Diagram Residual Heat Removal Sheet 2 

2.4 JSEM-91-082, QA Classification of 10MOV-57 and 10MOV-67 

2.5 Evaluation Of 10MOV-16A/B As Normally Open Valve 

2.6 JSEM-92-047, RHR Pump Suction Valves 

2.7 JAF-CALC-ELEC-00589, Rev 0, Removal of LPCI Inverters From 
EQ Program 

2.8 JPEM-92-029, Revise OP-13 to state that operation of any 
single RHR pump at less than 6500 gpm or operation of any 
two RHR pumps in parallel at flows less 13,000 gpm should be 
avoided. ACTS Item 5857 

2.9 IE Information Notice No. 87-10, Potential for Water Hammer 
During Restart of Residual Heat Removal Pumps 

2.10 JAF-SE-95-063, Operation of Four RHR Pumps in Torus Cooling 
Flow Mode 
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POSTED ATTACHMENT Page 1 of 
(Location: 09-3 panel-Control Room and Simulator) 

TORUS COOLING STARTUP 

IF a LPCI auto-initiation signal is sealed in, 
THEN perform the following: 

a. IF RPV water level is LESS THAN zero inches on fuel zone water level 
indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL ZONE LVL 10A-S18A(B) 
keylock switch in MANUAL OVERRD.  

b. Place SPRAY CNTRL 10A-S17A(B) switch to MANUAL, spring return to 

normal.  

c. Verify white SPRAY PERM 1OA-DS67A(B) light is on.

1

NOTE: Both RHR pumps are required to be running for maximum torus cooling.  

2. Ensure at least one of the following RHR pumps is running: 

* RHR PMP 1OP-3A(B) 
* RHR PMP 1OP-3C(D) 

NOTE: 10MOV-34A(B) may be throttled when 10MOV-39A(B) has dual position 
indication.  

3. Open RHR TEST TORUS CLG & SPRAY 10MOV-39A(B).  

4. Throttle RHR TEST & TORUS CLG 10MOV-34A(B) to establish desired flow.  

5. WHEN RHR Loop A(B) flow is GREATER THAN 1100 gpm, ensure closed MIN FLOW 
VLV 10MOV-16A(B).  

NOTE: Procedure may be continued while condensate transfer is being isolated.  

6. IF RHR Loop A(B) condensate transfer keep-full is in service, 
AND RHR Loop A(B) pressure is LESS THAN condensate transfer pressure, 
THEN close 10RHR-274(10RHR-260).  

7. Establish RHRSW flow and temperature control.

OP-13B RHR - CONTAINMENT CONTROL* ATTACHMENT 2 
1Rev. No. 0 I1

1.

CAUTION 

Starting an RHR pump in an RHR loop that is not full could result in 
severe water hammer and equipment damage. RHR loop piping shall be 
full prior to manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 6500 gpm or 
operation of any two RHR pumps in parallel at flows less than 13000 gpm 
should be minimized to prevent high pump vibration.



POSTED ATTACHMENT Page 1 of 
(Location: 09-3 panel-Control Room and Simulator) 

TORUS SPRAY STARTUP 

1. Verify torus pressure is GREATER THAN 2.7 psig.  

2. IF RPV water level is LESS THAN zero inches on fuel zone water level 
indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL ZONE LVL 10A-S18A(B) 
keylock switch in MANUAL OVERRD.  

3. Place SPRAY CNTRL 10A-S17A(B) switch to MANUAL, spring return to normal.  

4. Verify white SPRAY PERM 1OA-DS67A(B) light is on.

5. Ensure available RHR pumps in RHR Loop A(B) are running: 

* RHR PMP 1OP-3A(B) 
* RHR PMP 1OP-3C(D)

NOTE: 10MOV-38A(B) may be throttled when 10MOV-39A(B) has dual position 
indication.

6. Open RHR TEST TORUS CLG & SPRAY 10MOV-39A(B).  

7. Throttle TORUS SPRAY INBD VLV 10MOV-38A(B) to establish desired torus spray 
flow rate.  

8. WHEN RHR Loop A(B) flow is GREATER THAN 1100 gpm, ensure closed MIN FLOW 
VLV 10MOV-16A(B).  

NOTE: Procedure may be continued while condensate transfer is being isolated.  

9. IF RHR Loop A(B) condensate transfer keep-full is in service, 
AND RHR Loop A(B) pressure is LESS THAN condensate transfer pressure, 
THEN close 10RHR-274(10RHR-260).  

10. Establish RHRSW flow and temperature control.

II OP-13B RHR - CONTAINMENT CONTROL* ATTACHMENT 3 
Rev. No. 0

CAUTION 

Starting an RHR pump in an RHR loop that is not full could result in 
severe water hammer and equipment damage. RHR loop piping shall be 
full prior to manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 6500 gpm or 
operation of any two RHR pumps in parallel at flows less than 13000 gpm 
should be minimized to prevent high pump vibration.



POSTED ATTACHMENT 
(Location: 09-3 panel-Control Room and Simulator) 

DRYWELL SPRAY STARTUP 

1. Ensure the following components are tripped: 

RWR Pumps Drywell Cooling Fans

Page 1 of J

"* 02-2P-1A 
"* 02-2P-lB

"* 68FN-2A, B, C, and D 
"* 68FN-4A, B, C, and D

2. Verify drywell temperature and pressure are within the Drywell Spray 

Initiation Limit.  

3. IF RPV water level is LESS THAN zero inches on fuel zone water level 
indication, 
AND the EOPs permit diverting LPCI flow, 
THEN place DW & TORUS SPRAY VLV OVERRIDE OF FUEL ZONE LVL 10A-S18A(B) 
keylock switch in MANUAL OVERRD.  

4. Place SPRAY CNTRL 10A-SI7A(B) switch to MANUAL, spring return to normal.  

5. Verify white SPRAY PERM 1OA-DS67A(B) light is on.

6. Ensure available RHR pumps in RHR Loop A(B) are running: 

* RHR PMP 1OP-3A(B) 
* RHR PMP 1OP-3C(D) 

7. Open DW SPRAY OUTBD VLV 10MOV-26A(B).  

8. Throttle DW SPRAY INBD VLV 10MOV-31A(B) to establish desired drywell spray 
flow rate.  

9. WHEN RHR Loop A(B) flow is GREATER THAN 1100 gpm, ensure closed MIN FLOW 
VLV 10MOV-16A(B).  

NOTE: Procedure may be continued while condensate transfer is being isolated.  

10. IF RHR Loop A(B) condensate transfer keep-full is in service, 
AND RHR Loop A(B) pressure is LESS THAN condensate transfer pressure, 
THEN close 10RHR-274(10RHR-260).  

11. Establish RHRSW flow and temperature control.

OP-13B RHR - CONTAINMENT CONTROL* ATTACHMENT 4 
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CAUTION 

Starting an RHR pump in an RHR loop that is not full could result in 
severe water hammer and equipment damage. RHR loop piping shall be 
full prior to manually starting an RHR pump in that loop.  

Operation of any single RHR pump at flows less than 6500 gpm or 
operation of any two RHR pumps in parallel at flows less than 13000 gpm 
should be minimized to prevent high pump vibration.



POSTED ATTACHMENT Page 1 of 
(Location: 09-3 panel-Control Room and Simulator) 

RHRSW STARTUP AND TEMPERATURE CONTROL 

1. Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE NOT FULL 
* EPIC-D-134 1OLS-105A(EPIC-D-135 1OLS-105B) 

NOTE: Both RHRSW pumps are required to be running for maximum torus 
cooling.  

b. Start at least one of the following RHRSW pumps: 

• RHRSW PMP 10P-1A(B) 
* RHRSW PMP 10P-IC(D) 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or greater than 
4000 gpm per pump could damage pump.  

c. Throttle RHRSW DISCH VLV FROM HX A(B) 10MOV-89A(B) to establish 2500 
to 4000 gpm per RHRSW pump.  

d. IF drywell or torus sprays are in service, 
THEN establish 4000 gpm per RHRSW pump.  

NOTE: If a LPCI auto-initiation signal is present, 10MOV-66A(B) will have a 
sealed in open signal for 3 minutes from when LPCI auto-initiated.  

2. Close HX A(B) BYP VLV 10MOV-66A(B).  

3. WHILE performing the following step, maintain torus water temperature 
GREATER THAN 68 0 F.  

4. Control containment heat removal rate using one or a combination of the 
following methods: 

0 Throttle applicable loop throttle valve: 

- RHR TEST & TORUS CLG 10MOV-34A(B).  
- TORUS SPRAY INBD VLV 10MOV-38A(B) 
- DW SPRAY INBD VLV 10MOV-31A(B) 

0 Start or stop second RHR pump in RHR Loop A(B).  

0 Throttle RHRSW DISCH VLV FROM HX A(B) 10MOV-89A(B).  

* Start or stop second RHRSW pump in RHRSW Loop A(B).  

0 Shut down RHRSW Loop A(B) per Section F of OP-13C.

OP-13B RHR - CONTAINMENT CONTROL* ATTACHMENT 5 I Rev. No. 0
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POSTED ATTACHMENT 
(Location: 09-3 panel-Control Room and Simulator) 

CONTAINMENT COOLING/SPRAY SHUTDOWN

Page 1 of 1

1. IF securing torus cooling, 
THEN close RHR TEST & TORUS CLG 10MOV-34A(B).  

2. IF securing torus spray, 
THEN close TORUS SPRAY INBD VLV 10MOV-38A(B).  

3. IF securing drywell spray, 
THEN close DW SPRAY INBD VLV 10MOV-31A(B).  

4. IF RHR Loop A(B) flow is LESS THAN 500 gpm, 
THEN ensure open MIN FLOW VLV 10MOV-16A(B).  

5. IF RHR Loop A(B) operation is not required, 
THEN shut down RHR Loop A(B) per Subsection F.7(F.8) of OP-13B.

OP-13B RHR - CONTAINMENT CONTROL* ATTACHMENT 6 Rev. No. 0

CAUTION 

Operation of any single RHR pump at flows less than 6500 gpm or 
operation of any two RHR pumps in parallel at flows less than 13000 gpm 
should be minimized to prevent high pump vibration.
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REVISION SUMMARY SHEET 

REV. NO. CHANGE AND REASON FOR CHANGE 

3 Added note before Steps D.l.2 and D.2.2 to indicate 
that EPIC strainer dP alarms are expected with both 
RHRSW pumps running. (PCR #6 dated 11/15/99) 

Added note and caution before Steps G.1.5 and G.1.6 
to indicate that strainer pointer might not exactly 
align with basket position, and that use of 
excessive force could damage strainer. (PCR dated 
10/21/99) 

2 Updated cover page due to periodic review.  

Added guidance to Subsections G.1 and G.2 for 
placing strainers in service following maintenance.  
Ensures proper filling and venting. (pcr#2 dated 
6/28/96) 

Added guidance to Subsections G.1 and G.2 for 
strainer baskets that fail to isolate. The basket 
that is capable of being isolated is the one to be 
maintained in service to maintain the ability to 
clean a clogged basket.  

Changed order of Steps G.I.3/G.2.3 and G.I.4/G.2.4.  
Improved clarity and human factors.  

Added Step G.3.2 and G.4.2 to throttle open two 
turns from the closed seat the discharge valve that 
was closed in the previous step. This valve is 
difficult to open from the full closed position 
when the RHRSW pump is running. Opening the valve 
several turns will reduce the differential pressure 
across the valve, making it easier to open the 
valve. This change incorporates PCR #1 dated 
3/18/95.  

Revised note above Step G.4.1 to state that 10P-ID 
is the preferred pump to be used for filling RHRSW 
Loop B because it is in better mechanical condition 
than RHRSW Pump 10P-lB. 1OP-lD was changed out 
recently, and 10P-lB has WRs 95-03776-00 and 
95-03776-04 against it for degraded pump 
performance.
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RHR SERVICE WATER* OP-13C 

A. REQUIREMENTS 

A.1 Technical Specifications 

Sections 3.5.A, 3.5.B, 3.5.F, and 3.5.G 

A.2 Commitments 

None 

A.3 Validation 

Procedure developed from OP-13, Revision 74, which was 
validated per ODSO-35.  

B. SYSTEM DESCRIPTION 

Refer to Section B of OP-13.  

C. PLANT OPERATING REQUIREMENTS 

C.1 Prerequisites 

RHR System valves, power supplies, and support systems are 
lined up per OP-13, with exceptions approved by Shift 
Manager.  

C.2 Precautions 

Racking out an RHRSW pump breaker de-energizes the pump 
motor bearing cooling water SOV and will drain the RHRSW 
header. To prevent draining the RHRSW header, the bearing 
cooling water isolation valve shall be closed before racking 
out pump breaker.
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RHR SERVICE WATER* OP-13C 

D. STARTUP 

NOTE: Subsections D.1 and D.2 may be performed independently or 
concurrently.  

TABLE OF CONTENTS 

SUBSECTION PAGE 

D.1 RHR Service Water Loop A Startup ........ ........... 6 

D.2 RHR Service Water Loop B Startup ........ ........... 7
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D.1 RHR Service Water Loop A Startup 

D.1.1 Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE NOT 
FULL 

"* EPIC-D-134 10LS-105A 

NOTE 1: Both RHRSW pumps are required to be running for 
maximum cooling.  

NOTE 2: EPIC-D-127 RHRSW STRAINER S5A DIFF PRESS is 
expected to alarm with both RHRSW pumps running.  
This is acceptable provided that desired RHRSW loop 
flow rate can be maintained. WR-97-08136-02 tracks 
an evaluation of the alarm setpoint.  

D.1.2 Start at least one of the following RHRSW pumps: 

"* RHRSW PMP 10P-lA 

"* RHRSW PMP 10P-IC 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

D.1.3 Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish 2500 to 4000 gpm per RHRSW pump.
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D.2 RHR Service Water Loop B Startup 

D.2.1 Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE NOT 
FULL 

"* EPIC-D-135 1OLS-105B 

NOTE 1: Both RHRSW pumps are required to be running for 
maximum cooling.  

NOTE 2: EPIC-D-128 RHRSW STRAINER S5B DIFF PRESS is 
expected to alarm with both RHRSW pumps running.  
This is acceptable provided that desired RHRSW loop 
flow rate can be maintained. WR-97-08136-02 tracks 
an evaluation of the alarm setpoint.  

D.2.2 Start at least one of the following RHRSW pumps: 

"* RHRSW PMP 10P-lB 

"* RHRSW PMP 10P-ID 

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

D.2.3 Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish 2500 to 4000 gpm per RHRSW pump.
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RHR SERVICE WATER* OP-13C 

E. NORMAL OPERATION 

Refer to Section E of OP-13.  
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F. SHUTDOWN 

NOTE: Subsections F.l and F.2 may be performed independently or 
concurrently.  

F.1 RHR Service Water Loop A Shutdown 

F.1.1 Close RHRSW DISCH VLV FROM HX A 10MOV-89A.  

F.1.2 Ensure the following RHRSW pumps are stopped: 

"* RHRSW PMP 10P-IA 

"* RHRSW PMP 10P-IC 

F.2 RHR Service Water Loop B Shutdown 

F.2.1 Close RHRSW DISCH VLV FROM HX B 10MOV-89B.  

F.2.2 Ensure the following RHRSW pumps are stopped: 

"* RHRSW PMP 10P-lB 

"* RHRSW PMP 10P-ID
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G. SPECIAL PROCEDURES 

NOTE: Subsections G.1 through G.4 are independent procedures and 
may be performed in any order, provided steps within each 
subsection are performed in the order written.  

TABLE OF CONTENTS 

SUBSECTION PAGE 

G.1 Shifting Baskets in Twin Basket Strainer 10S-5A 11 

G.2 Shifting Baskets in Twin Basket Strainer 10S-5B 15 

G.3 Filling RHR Service Water Loop A With an RHRSW Pump 19 

G.4 Filling RHR Service Water Loop B With an RHRSW Pump 21 
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RHR SERVICE WATER* OP-13C 

G.1 Shifting Baskets in Twin Basket Strainer 10S-5A 

NOTE: Possible strainer basket positions are as follows: 

"* NO.1 BASKET 

"* BOTH 

"* NO.2 BASKET 

G.1.1 Determine which basket is in service by observing 
position indicator plates on 10S-5A.  

G.1.2 Following maintenance on strainers, the following 
steps should be adhered to while performing the 
remainder of this subsection: 

a. IF work was performed on only one strainer, 
THEN perform the following: 

1) Ensure the non-worked strainer is placed in 
service.  

2) Shift strainers to place the 
repaired/cleaned strainer in service.  

b. IF work was performed on both strainers, 
THEN gradually pressurize each strainer 
simultaneously.  

G.1.3 IF RHRSW Pump 10P-lA and C are shutdown, 
THEN perform the following: 

a. Open IORHR-111A (RHRSW pumps A & C 
disch strainer A equalizing valve).  

b. Open petcock vent valve on top cover plate for 
the strainer that is to be placed in service.  

c. WHEN solid stream of water flows from petcock 
vent valve, close petcock vent valve.
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G.1.4 IF RHRSW Pump 10P-lA or C is running, 
THEN perform the following: 

a. IF only NO.1 Basket is in service, 
THEN flush loose debris from NO.1 Basket 
as follows: 

1) Open 10RHR-758A (RHRSW pumps A & C 
disch strainer A drain valve).  

2) WHEN water flowing from drain is 
free of debris, close 10RHR-758A.  

b. IF only NO.2 Basket is in service, 
THEN flush loose debris from NO.2 Basket 
as follows: 

1) Open 10RHR-757A (RHRSW pumps A & C 
disch strainer A drain valve).  

2) WHEN water flowing from drain is 
free of debris, close 10RHR-757A.  

c. IF BOTH baskets are in service, 
THEN flush loose debris from both 
baskets as follows: 

1) Open the following valves: 

"* 10RHR-757A (RHRSW pumps A & C 
disch strainer A drain valve) 

" 10RHR-758A (RHRSW pumps A & C 
disch strainer A drain valve) 

2) WHEN water flowing from drains is free of 
debris, close the following valves: 

"* 10RHR-757A 

"* 10RHR-758A 

d. Open 10RHR-111A (RHRSW pumps A & C 
disch strainer A equalizing valve).  

e. Open petcock vent valve on top cover plate for 
the strainer that is to be placed in service.  

f. WHEN solid stream of water flows from petcock 
vent valve, close petcock vent valve.  
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RHR SERVICE WATER* OP-13C 

CAUTION 

Placing both baskets in service at the same time could 
result in clogging both strainer baskets and a 
subsequent loss of RHRSW flow.  

G.1.5 Shift strainer baskets as follows: 

NOTE: Pointer is used as a guide; pointer might 
not exactly align with basket position.  

CAUTION 

Use of excessive force to align pointer could damage 
strainer.  

a. IF shifting from BOTH OR NO.2 BASKET to 
NO.1 BASKET, 
THEN rotate handwheel clockwise until pointer is 
lined up with NO.1 BASKET.  

b. IF shifting from NO.2 BASKET to BOTH, 
THEN rotate handwheel clockwise until pointer is 
lined up with BOTH.  

c. IF shifting from BOTH OR NO.1 BASKET to 
NO.2 BASKET, 
THEN rotate handwheel counterclockwise until 
pointer is lined up with NO.2 BASKET.  

d. IF shifting from NO.1 BASKET to BOTH, 
THEN rotate handwheel counterclockwise until 
pointer is lined up with BOTH.

G.I.6 Ensure closed 10RHR-111A (RHRSW pumps A & 
disch strainer A equalizing valve).

C
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RHR SERVICE WATER* OP-13C 

G.1.7 IF maintenance is required on the out-of-service 
strainer basket, 
THEN perform the following: 

a. Open petcock vent valve on top cover plate 
for the out-of-service strainer basket.  

b. Open drain valve on the out-of-service strainer 

basket.  

Basket Number Drain Valve 

NO.1 10RHR-758A 

NO.2 10RHR-757A 

G.1.8 IF a strainer basket fails to isolate, 
THEN perform the following: 

a. Ensure the basket that is capable of being 
isolated is maintained in service.  

b. Special condition tag the basket selector to 
indicate, "NO.(1 or 2) Basket is to be 
maintained in service to maintain the ability to 
clean a clogged basket strainer." 

G.1.9 IF strainer baskets were shifted due to high 
strainer differential pressure (GREATER THAN 
15 psid), 
THEN direct Performance Engineering to determine if 
high differential pressure is due to high flow 
rates or strainer basket fouling, before opening 
basket covers for inspection.
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RHR SERVICE WATER* OP-13C 

G.2 Shifting Baskets in Twin Basket Strainer 10S-5B 

NOTE: Possible strainer basket positions are as follows: 

"* NO.1 BASKET 

"* BOTH 

"* NO.2 BASKET 

G.2.1 Determine which basket is in service by observing 
position indicator plates on 10S-5B.  

G.2.2 Following maintenance on strainers, the following 
steps should be adhered to while performing the 
remainder of this subsection: 

a. IF work was performed on only one strainer, 
THEN perform the following: 

1) Ensure the non-worked strainer is placed in 
service.  

2) Shift strainers to place the 
repaired/cleaned strainer in service.  

b. IF work was performed on both strainers, 
THEN gradually pressurize each strainer 
simultaneously.  

G.2.3 IF RHRSW Pump 10P-lB and D are shutdown, 
THEN perform the following: 

a. Open 10RHR-111B (RHRSW pumps B & D 
disch strainer B equalizing valve).  

b. Open petcock vent valve on top cover plate for 
the strainer that is to be placed in service.  

c. WHEN solid stream of water flows from petcock 
vent valve, close petcock vent valve.
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G.2.4 IF RHRSW Pump 10P-lB or D is running, 
THEN perform the following: 

a. IF only NO.1 Basket is in service, 
THEN flush loose debris from NO.1 Basket 
as follows: 

1) Open 10RHR-758B (RHRSW pumps B & D 
disch strainer B drain valve).  

2) WHEN water flowing from drain is 
free of debris, close 10RHR-758B.  

b. IF only NO.2 Basket is in service, 
THEN flush loose debris from NO.2 Basket 
as follows: 

1) Open 10RHR-757B (RHRSW pumps B & D 
disch strainer B drain valve).  

2) WHEN water flowing from drain is 
free of debris, close 10RHR-757B.  

c. IF BOTH baskets are in service, 
THEN flush loose debris from both 
baskets as follows: 

1) Open the following valves: 

" 10RHR-757B (RHRSW pumps B & D 
disch strainer B drain valve) 

" 10RHR-758B (RHRSW pumps B & D 
disch strainer B drain valve) 

2) WHEN water flowing from drains is free of 
debris, close the following valves: 

"* 10RHR-757B 

"* 10RHR-758B 

d. Open 10RHR-111B (RHRSW pumps B & D 
disch strainer B equalizing valve).  

e. Open petcock vent valve on top cover plate for 
the strainer that is to be placed in service.  

f. WHEN solid stream of water flows from petcock 
vent valve, close petcock vent valve.
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RHR SERVICE WATER* OP-13C 

CAUTION 

Placing both baskets in service at the same time could 
clog strainer and reduce RHRSW flow.  

G.2.5 Shift strainer baskets as follows: 

NOTE: Pointer is used as a guide; pointer might 
not exactly align with basket position.  

CAUTION 

Use of excessive force to align pointer could damage 
strainer.  

a. IF shifting from BOTH OR NO.2 BASKET to 
NO.1 BASKET, 
THEN rotate handwheel clockwise until pointer is 
lined up with NO.1 BASKET.  

b. IF shifting from NO.2 BASKET to BOTH, 
THEN rotate handwheel clockwise until pointer is 
lined up with BOTH.  

c. IF shifting from BOTH OR NO.1 BASKET to 
NO.2 BASKET, 
THEN rotate handwheel counterclockwise until 
pointer is lined up with NO.2 BASKET.  

d. IF shifting from NO.1 BASKET to BOTH, 
THEN rotate handwheel counterclockwise until 
pointer is lined up with BOTH.  

G.2.6 Ensure closed 10RHR-111B (RHRSW pumps B & D 
disch strainer B equalizing valve).
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RHR SERVICE WATER* OP-13C 

G.2.7 IF maintenance is required on the out-of-service 
strainer basket, 
THEN perform the following: 

a. Open petcock vent valve on top cover plate 
for the out-of-service strainer basket.  

b. Open drain valve on the out-of-service strainer 

basket.  

Basket Number Drain Valve 

NO.1 10RHR-758B 

NO.2 10RHR-757B 

G.2.8 IF a strainer basket fails to isolate, 
THEN perform the following: 

a. Ensure the basket that is capable of being 
isolated is maintained in service.  

b. Special condition tag the basket selector to 
indicate, "NO.(1 or 2) Basket is to be 
maintained in service to maintain the ability to 
clean a clogged basket strainer." 

G.2.9 IF strainer baskets were shifted due to high 
strainer differential pressure (GREATER THAN 
15 psid), 
THEN direct Performance Engineering to determine if 
high differential pressure is due to high flow 
rates or strainer basket fouling, before opening 
basket covers for inspection.
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G.3 Filling RHR Service Water Loop A With an RHRSW Pump 

NOTE: RHRSW Pump 1OP-IC is the preferred pump to be used 
for filling RHRSW Loop A because it is in better 
mechanical condition than RHRSW Pump 10P-lA.  

G.3.1 Close the RHRSW pump discharge valve for the pump 
to be used to fill RHR Service Water Loop A: 

0 10RHR-22A (RHRSW pump A disch isol valve)

OR

* 10RHR-22C (RHRSW pump C disch isol valve) 

G.3.2 Throttle open two turns off closed seat the RHRSW 
pump discharge valve that was closed in Step G.3.1.  

G.3.3 Perform Steps G.3.4 through G.3.7 without delay 
between steps to minimize time that the RHRSW pump 
is operated at low flow.  

G.3.4 Start one of the following RHRSW pumps: 

"* RHRSW PMP 10P-lA 

OR 

"* RHRSW PMP 10P-IC 

G.3.5 Throttle open RHRSW DISCH VLV FROM HX A 10MOV-89A 
to establish dual position indication.  

G.3.6 Slowly open the RHRSW pump discharge valve for the 
pump to be used to fill RHR Service Water Loop A: 

"* 10RHR-22A (RHRSW pump A disch isol valve) 

OR 

"* 10RHR-22C (RHRSW pump C disch isol valve)
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RHR SERVICE WATER* OP-13C 

NOTE: RHRSW Loop A flow rate indication could be 
unavailable until I&C vents the flow transmitter.  

G.3.7 Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish one or both of the following conditions: 

"* RHRSW Loop A flow rate 2500 to 4000 gpm, if flow 
indication is available 

"* RHRSW pump motor current slightly LESS THAN max 
normal amps 

G.3.8 IF operation of both RHRSW pumps is desired, 
THEN perform the following: 

a. Start the other RHRSW pump: 

* RHRSW PMP 10P-lA 

OR 

* RHRSW PMP 10P-IC 

b. Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish one or both of the following 
conditions: 

"* RHRSW Loop A flow rate 5000 to 8000 gpm, 
if flow indication is available 

"* RHRSW Pump 10P-lA and RHRSW Pump 10P-iC 
motor current slightly LESS THAN max normal 
amps 

G.3.9 Vent RHRSW A Line Level Switch 1OLS-105A per 
Section G of OP-13E.  

G.3.10 IF RHRSW Loop A operation is not desired, 
THEN shut down RHR Service Water Loop A per 
Subsection F.1.  
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G.4 Filling RHR Service Water Loop B With an RHRSW Pump 

NOTE: RHRSW Pump 1OP-ID is the preferred pump to be used 
for filling RHRSW Loop B because it is in better 
mechanical condition than RHRSW Pump 10P-lB.  

G.4.1 Close the RHRSW pump discharge valve for the pump 
to be used to fill RHR Service Water Loop B: 

"* 10RHR-22B (RHRSW pump B disch isol valve) 

OR 

"* 10RHR-22D (RHRSW pump D disch isol valve) 

G.4.2 Throttle open two turns off closed seat the RHRSW 
pump discharge valve that was closed in Step G.4.1.  

G.4.3 Perform Steps G.4.4 through G.4.7 without delay 
between steps to minimize time that the RHRSW pump 
is operated at low flow.  

G.4.4 Start one of the following RHRSW pumps: 

"* RHRSW PMP 1OP-lB 

OR 

"* RHRSW PMP 1OP-ID 

G.4.5 Throttle open RHRSW DISCH VLV FROM HX B 10MOV-89B 
to establish dual position indication.  

G.4.6 Slowly open the RHRSW pump discharge valve for the 
pump to be used to fill RHR Service Water Loop B: 

"* 10RHR-22B (RHRSW pump B disch isol valve) 

OR 

"* 10RHR-22D (RHRSW pump D disch isol valve)
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NOTE: RHRSW Loop B flow rate indication could be 
unavailable until I&C vents the flow transmitter.  

G.4.7 Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish one or both of the following conditions: 

"* RHRSW Loop B flow rate 2500 to 4000 gpm, if flow 
indication is available 

"* RHRSW pump motor current slightly LESS THAN max 
normal amps 

G.4.8 IF operation of both RHRSW pumps is desired, 
THEN perform the following: 

a. Start the other RHRSW pump: 

* RHRSW PMP 10P-lB 

OR 

* RHRSW PMP 10P-ID 

b. Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish one or both of the following 
conditions: 

"* RHRSW Loop B flow rate 5000 to 8000 gpm, 
if flow indication is available 

"* RHRSW Pump 10P-lB and RHRSW Pump 10P-ID 
motor current slightly LESS THAN max normal 
amps 

G.4.9 Vent RHRSW B Line Level Switch 1OLS-105B per 
Section G of OP-13E.  

G.4.10 IF RHRSW Loop B operation is not desired, 
THEN shut down RHR Service Water Loop B per 
Subsection F.2.
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H. ATTACHMENTS 

1. REFERENCES
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RHR SERVICE WATER* OP-13C 

ATTACHMENT 1 Page 1 of 1 

REFERENCES 

1.0 Performance References 

1.1 OP-13, Residual Heat Removal System* 

1.2 OP-13E, RHR - Keep-Full* 

2.0 Developmental References 

2.1 OP-13, Revision 74, Residual Heat Removal System* 

2.2 FSAR Section 4.8 

2.3 System Flow Diagrams: 

"* FM-20A Flow Diagram Residual Heat Removal Sheet 1 

"* FM-20B Flow Diagram Residual Heat Removal Sheet 2 

2.4 JSEM-92-109, Revise annunciator response procedures to have 
performance engineering monitor RHRSW flow to verify basket 
fouling when a high strainer dP signal is received. ACTS 
Item 6256.  

2.5 JTS-93-0514, Lack of RHRSW and ESW Keepfull During the 
Upcoming Service Water Outage 

2.6 JTS-93-0279, ESW Strainer 46STR-5Al Functionality Due to 
Failure to Meet ST-8R Test Requirements 

2.7 JPLN-96-179, A RHR/RHRSW LCO Critique Recommendation 
Resolutions
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RHR - SHUTDOWN COOLING*

REVISION SUMMARY SHEET 

REV. NO. CHANGE AND REASON FOR CHANGE 

12 Incorporated EC dated 10/18/99 to correct step 
cross-reference in notes on pages 33 and 40. Also 
relocated the notes to just before Steps D.5.22 and 
D.6.22.  

Added Steps A.3.8, D.1.3, and D.2.3 to ensure continuous 
vent lineup is secured before establishing shutdown 
cooling lineup. (DER-00-01306, ACT-00-49763) 

Revised Steps D.1.7.c, D.l.8.c, D.2.7.c, D.2.8.c, D.5.3.c, 
D.5.4.c, D.6.3.c, and D.6.4.c to ensure 10MOV-16A/B and 
10MOV-39A/B handwheels are protective tagged closed. This 
change clarifies the intent of these steps which is to tag 
the valves locally. (PCR #16 dated 5/8/00) 

Added Steps F.1.11 and F.2.11 to verify DHR System is 
capable of assuming the spent fuel pool and core decay 
heat load before rendering RHR shutdown cooling 
unavailable. (JAF-SE-96-042, ACT-98-36998) 

11 Updated cover page due to periodic review.  

Revised Subsection D.1 and D.2 to allow omitting loop 
flush and venting and delay PTR hanging when the expected 
recovery time exceeds the time to boil. (pcr#14 dated 
10/21/98) 

Incorporated TC dated 11/6/98 which added valves 10RHR-440 
and 441 per Mod Ml-97-021. Affects Subsection G.1.  

Incorporated EC dated 11/28/98 to correct typographical 
error.  

Added local valve as a component required to be closed and 
tagged for SDC. Affects Steps D.1.6, D.1.7, D.2.6, and 
D.2.7. Valves could have been omitted on PTR. (pcr#15 
dated 12/9/98) 

Deleted requirement to obtain initial chemistry sample 
from Subsections D.1, D.2, D.5, and D.6. Initial sample 
results have normally resulted in the need to flush loop.  
(pcr#13 dated 10/6/98) 
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RHR - SHUTDOWN COOLING*

A. REQUIREMENTS 

A.l Technical Specifications 

Sections 3.5.A, 3.5.B, 3.5.F, and 3.5.G 

A.2 Commitments 

A.2.1 LER-93-005, ACTS Item 7265, revise OP-13 to fill 
shutdown cooling suction piping by cycling 10MOV-17 
and 18.  

A.2.2 LER-93-012, ACTS Item 8142, ACTS Item 8143, revise 
OP-13 to require shutdown cooling piping be filled 
and vented using the condensate transfer system 
prior to opening 10MOV-17 and 10MOV-18 any time 
shutdown cooling is out of service for greater than 
24 hours 

A.3 Expectations 

A.3.1 JPEM-92-029, ACTS Item 5857, revise OP-13 to state 
that operation of any single RHR pump at less than 
6500 gpm or operation of any two RHR pumps in 
parallel at flows less 13,000 gpm should be 
avoided.  

A.3.2 JSEM-92-047, ACTS Item 4476, update OP-13 to 
require isolation of 10MOV-15s each time SDC is 
secured.  

A.3.3 SER 87-11, OE/VI 870081, Water Hammer in the 
Component Cooling System 

A.3.4 ACTS Item 13988, revise OP-13 to open 10MOV-16 
valves prior to opening 10MOV-13 valves to go into 
SDC.  

A.3.5 JTS-97-0031, Revision 1, ACTS Item 24604, revised 
procedure to require a minimum vent time of 30 
minutes for venting shutdown cooling suction 
piping.  

A.3.6 DER-96-1504, ACTS Item 23524, SIL 406, Rev. 1, 
Added steps to minimize flow induced vibration of 
in-core detectors when detector is not fully 
supported on all sides by a fuel assembly or blade 
guide.  

A.3.7 JAF-SE-96-042, ACT-98-36998, Added steps to verify 
DHR System is capable of assuming the spent fuel 
pool and core decay heat load before rendering RHR 
shutdown cooling unavailable.  
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RHR - SHUTDOWN COOLING*

A.3.8 DER-00-01306, ACT-00-49763, Revised OP-13D to 
provide additional link to ensure continuous vent 
lineup is secured before establishing shutdown 
cooling lineup.  

A.4 Validation 

Procedure developed from OP-13, Revision 74, which was 
validated per ODSO-35.  

B. SYSTEM DESCRIPTION 

Refer to Section B of OP-13.  

C. PLANT OPERATING REQUIREMENTS 

C.1 Prerequisites 

RHR System valves, power supplies, and support systems are 
lined up per OP-13, with exceptions approved by Shift 
Manager.  

C.2 Precautions 

C.2.1 RES Radiation Protection shall be notified before: 

"* RHR System piping is drained 

"* RHR System is started up in any mode of 
operation, unless an emergency exists 
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RHR - SHUTDOWN COOLING*

C.2.2 An extremely large drain path exists from the RPV 
to the torus if either of the following conditions 
occur: 

"* 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
and the associated 10MOV-13A, B, C, or D are 
open at the same time.  

" 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, or D 
are open and the associated RHR loop torus spray 
or torus cooling motor operated isolation valves 
are open.  

The following valves are interlocked to prevent 

establishing this drain path: 

"* 10MOV-15A, B, C, and D 

"* 10MOV-13A, B, C, and D 

"* 10MOV-39A and B 

These interlocks shall not be defeated unless 
system boundaries are isolated.  

C.2.3 The RHR System shall not be filled by opening 
Torus Suction Valve 10MOV-13A, B, C, or D or 
Shutdown Cooling Suction Valve 10MOV-15A, B, C, 
or D.  

1EXPA. 3.1 
C.2.4 Operation of any single RHR pump at flows less than 

6500 gpm or operation of any two RHR pumps in 
parallel at flows less than 13000 gpm should be 
minimized to prevent high pump vibration.  

C.2.5 Running an RHR pump for greater than 10 minutes 
with only its minimum flow valve open could damage 
the pump.  

C.2.6 As a good operating practice, only one RHR shutdown 
cooling loop should be placed in the SDC mode until 
the reactor coolant temperature has been decreased 
to 212 0 F.  

C.2.7 Before securing Shutdown Cooling, decay heat levels 
should be evaluated such that they are low enough 
to allow sufficient time to complete the required 
evolution(s) without allowing boiling to occur, or 
that other systems are available with adequate 
decay heat removal capacity.  
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NOTE: The LPCI MOV bus charger/inverters are affected by harsh 
radiation fields. LPCI MOV Bus A Inverter 71INV-3A could 
be limited to 80 hours of operation due to radiation 
induced failure following a LOCA. LPCI MOV Bus B Inverter 
71INV-3B could be limited to 6 hours of operation due to 
radiation induced failure following a LOCA.  

D. STARTUP 

NOTE: Subsections D.1 through D.6 are independent procedures and 
may be performed in any order, provided steps within each 
subsection are performed in the order written.  

TABLE OF CONTENTS 

SUBSECTION PAGE 

D. REHR Loop A Shutdown Cooling Startup/Shifting Shutdown 
Cooling Loops ................... ..................... 8 

D.2 RHR Loop B Shutdown Cooling Startup/Shifting Shutdown 
Cooling Loops ............... ..................... 17

D.3 Shifting RER Pumps with RHR Loop A in Shutdown Cooling 

D.4 Shifting RER Pumps with RHR Loop B in Shutdown Cooling

D.5 RER Loop A Shutdown Cooling Startup With RER Loop B 
Already in Shutdown Cooling (No Interruption in 
Shutdown Cooling Flow) .......... ................  

D.6 RER Loop B Shutdown Cooling Startup With RHR Loop A 
Already in Shutdown Cooling (No Interruption in 
Shutdown Cooling Flow) .......... ................

26 

27

. . 28

35

Page 7 of 78

OP-13DRHR - SHUTDOWN COOLING*

Rev. No. 12



RHR - SHUTDOWN COOLING*

NOTE: RHR Loop B is preferred for shutdown cooling because RHR 
Pump 1OP-3B or 1OP-3D can be operated at maximum flow with 
lower motor winding temperatures than RHR Pump 10P-3A or 
1OP-3C.  

D.1 RHR Loop A Shutdown Cooling Startup/Shifting Shutdown 
Cooling Loops 

1EXPA.3.6 
D.1.1 IF fuel assemblies have been removed from the 

reactor vessel such that any in-core detector 
is not fully supported on all sides by a fuel 
assembly or blade guide, 
THEN perform one of the following as determined 
by the Shift Manager: 

a. Minimize the amount of time that shutdown 
cooling is in operation, unless required for 
decay heat removal.  

OR 

b. Arrange blade guides (in accordance with the 
appropriate RAP) to provide proper protection 
from flow induced vibration of in-core 
detectors.  

D.1.2 Ensure required LCO's are entered per ODSO-34 for 
LPCI/Containment Cooling.  

1EXPA.3.8 

D.1.3 Ensure continuous venting of RHR Header A and B is 
secured per Section G of OP-13.  

D.1.4 IF rapid recovery of SDC is necessary, 
AND expected time for restoration of SDC exceeds 
time-to-boil, 
THEN the following exceptions may be taken at the 
Shift Manager's discretion: 

"* Loop flush per Step D.1.5 may be omitted 

" Tags for Steps D.1.6 through D.1.8 may be 
delayed until after restoration complete 

" If 10MOV-17 and/or 10MOV-18 isolated, they may 
be re-opened in Step D.1.19. Fill and vent is 
not required.  

D.1.5 IF RHR Loop A suction is lined up to the torus, 
THEN flush RHR Loop A per Subsection G.2.
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RHR - SHUTDOWN COOLING*

NOTE: Steps D.l.6 through D.1.9 may be performed 
concurrently.  

D.l.6 Ensure RHR Keep-Full Pump 1OP-2A is protective 
tagged/removed from service as follows: 

a. Ensure RHR KEEP-FULL PMP 10P-2A control switch 
is in STOP.  

b. Ensure circuit breaker 71MCC-153-OEl 
(10P-2A(M) RHR keep-full pump A motor) is in 

OFF.  

c. Ensure closed 10RHR-96A (RHR keep-full pump A 
min flow valve).  

d. Ensure closed 10RHR-99A (RHR keep-full pump A 
disch to RHR loop A isol valve).  

e. Ensure closed the following valves: 

"* 10RHR-91A (RHR keep-full pump A suct isol 
valve) 

"* 10RHR-91C (RHR keep-full pump A suct isol 
valve) 

D.1.7 Ensure 10MOV-16A is protective tagged/closed as 
follows: 

a. Ensure closed MIN FLOW VLV 10MOV-16A.  

b. Ensure circuit breaker 71MCC-153-OB3 (10MOV-16A 
RHR loop A min flow isol valve) is in OFF.  

c. Ensure 10MOV-16A (RHR loop A min flow isol 
valve) handwheel is protective tagged closed.  

D.1.8 Ensure 10MOV-39A is protective tagged/closed as 
follows: 

a. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39A.  

b. Ensure circuit breaker 71MCC-153-ODI (10MOV-39A 
RHR loop A torus cooling isol valve) is in OFF.  

c. Ensure 10MOV-39A (RHR A torus cooling isol 
valve) handwheel is protective tagged closed.
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D.1.9 IF 10MOV-18 power supply is not lined up, 
THEN line up IOMOV-18 power supply as follows: 

a. Place IS-1PCIA07 (control circuit isolation 
switch for 10MOV-18) in LOCAL.  

b. Place IS-lPCIA07 (control circuit isolation 
switch for 10MOV-18) in REMOTE.  

c. Unlock DS-IPCIA07 (power disconnect switch 
for 10MOV-18).  

d. Place DS-IPCIA07 (power disconnect switch 
for 10MOV-18) in ON.  

D.1.10 IF RHR Loop B is in a shutdown cooling lineup, 
THEN secure RHR Loop B from the shutdown cooling 
lineup as follows: 

CAUTION 

10MOV-16B is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

a. Close LPCI OUTBD INJ VLV 10MOV-27B.  

b. Ensure the following RHR pumps are stopped: 

" RHR PMP 1OP-3B 

"* RHR PMP 1OP-3D 

c. Close LPCI INBD INJ VLV 10MOV-25B.  

d. Open LPCI OUTBD INJ VLV 10MOV-27B.  

e. Ensure open the following valves: 

* HX B BYP VLV 10MOV-66B 

* HX B OUTLET VLV 10MOV-12B 

(Step D.1.10 continued on next page)
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D.1.10 (Cont) 

f. IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

1) Ensure closed RHRSW DISCH VLV FROM HX B 
10MOV-89B.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-lB 

"* RHRSW PMP 10P-ID

g. IF RWR Pumps 02-2P-lA and 02-2P-1B are shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches 
on REFUEL WTR LVL 02-3LI-86 at panel 09-4.

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

1EXPA.3.2 

h. Ensure closed the following valves: 

* SHUTDOWN CLG SUCT VLV 10MOV-15B 

* SHUTDOWN CLG SUCT VLV 10MOV-15D
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D.1.11 IF RWR Pumps 02-2P-IA and 02-2P-IB are shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches on 
REFUEL WTR LVL 02-3LI-86 at panel 09-4.  

D.1.12 Ensure RPV pressure is LESS THAN 75 psig.  

D.1.13 IF RHR shutdown cooling isolation logic has 
actuated, 
THEN reset isolation logic as follows: 

a. Verify the following relays indicate ON: 

* 16A-K28 in panel 09-41 

* 16A-K50 in panel 09-42 

b. Simultaneously rotate the following PCIS 
VLV RESET switches to both RESET positions, 
spring return to NOR: 

"* 16A-$32 

"* 16A-S33 

c. Verify the following relays indicate ON: 

"* 16A-K29 in panel 09-41 

"* 16A-K53 in panel 09-41 

"* 16A-K30 in panel 09-42 

"* 16A-K54 in panel 09-42 

D.1.14 IF white HI DW OR LO LVL CLOSE OF 10MOV-25A IN 
SHUTDOWN CLG 1OA-DS85A light is on, 
THEN reset logic as follows: 

a. Depress 10MOV-25A CLOSE SIG RESET 1OA-S32A 
pushbutton.  

b. Verify white HI DW OR LO LVL CLOSE OF 10MOV-25A 
IN SHUTDOWN CLG 1OA-DS85A light is off.
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D.1.15 Ensure closed the following valves: 

"* TORUS SUCT VLV 10MOV-13A 

"* TORUS SUCT VLV 10MOV-13C 

D.1.16 Ensure open the shutdown cooling suction valve 
for the RHR pump that is to be used for shutdown 
cooling: 

RHR Pump Shutdown Cooling Suction Valve 

1OP-3A SHUTDOWN CLG SUCT VLV 10MOV-15A 

1OP-3C SHUTDOWN CLG SUCT VLV 10MOV-15C 

D.1.17 Ensure open the following valves: 

"* HX A BYP VLV 10MOV-66A 

"* HX A INLET VLV 10MOV-65A 

"* HX A OUTLET VLV 10MOV-12A 

D.1.18 Ensure RPV pressure is LESS THAN 10 psig, if 
practicable.  

ICOMA. 2. 1 

D.1.19 IF either of the following valves is closed: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

THEN fill shutdown cooling suction piping per 
Subsection G.1.  

D.l.20 Verify open the following valves: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

D.1.21 Ensure Recirc Loops A and B are shutdown per OP-27, 
with the following exceptions: 

a. If both suction and discharge valves will be 
closed at the same time, ensure pump min purge 
flow is isolated prior to isolating pump.  

b. Ensure closed pump suction and/or discharge 
valve to prevent back flow through loop.  
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RHR - SHUTDOWN COOLING*

D.1.22 Close HX A OUTLET VLV 10MOV-12A.  

D.1.23 IF any RHR Loop A keep-full alarms are present, 
THEN perform the following: 

a. Ensure 1ORHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve) 
is throttled open.  

b. Ensure RHR Loop A keep-full alarms are clear.  

NOTE: RPV water level will trend downward when an RHR 
pump is started. Expected RPV water level response 
to RHR pump startup is shown on Attachment 2.  

D.1.24 Ensure RPV water level is GREATER THAN 215 inches.  

D.1.25 IF 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is open, 
THEN station an operator at 10RHR-274.

CAUTION 

10MOV-16A is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

D.1.26 Start the RHR pump in RHR Loop A that is lined up 
for shutdown cooling (RHR PMP 1OP-3A or 
RHR PMP 1OP-3C).  

D.1.27 Open LPCI INBD INJ VLV 10MOV-25A.  

D.1.28 IF 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is open, 
THEN immediately close 10RHR-274.  

D.1.29 Throttle open HX A OUTLET VLV IOMOV-12A for 
15 to 20 seconds.  

1EXPA. 3.3 

CAUTION 

When reactor coolant temperature is greater than 
212 0 F, delay in establishing RHRSW flow could cause 
water hammer in RHRSW piping due to heatup of the RHR 
heat exchanger.

D.1.30 Control temperature per Section E.  

No. 12
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RHR - SHUTDOWN COOLING*

D.1.31 IF RWR Loop B operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN 14 0 0F.  

b. Place RWR Loop B in service per OP-27.  

NOTE: If RHR Loop B is to be returned to the shutdown 
cooling lineup, and is not required to be in the 
LPCI standby lineup, performance of Step D.1.32 may 
be delayed or waived at the discretion of the Shift 
Manager.  

D.1.32 IF RHR Loop B was in shutdown cooling prior to 
placing RHR Loop A in shutdown cooling, 
THEN place RHR Loop B in the LPCI standby lineup as 
follows: 

1EXPA.3.2 
a. Verify closed the following valves: 

0 SHUTDOWN CLG SUCT VLV 10MOV-15B 

* SHUTDOWN CLG SUCT VLV 10MOV-15D 

|EXPA.3.4 
b. Release protective tags and line up the 

following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-163-OH3 
(10MOV-16B RHR loop B min flow isol valve) 

in ON.  

2) Open MIN FLOW VLV 10MOV-16B.  

c. Open the following valves: 

"* TORUS SUCT VLV 10MOV-13B 

"* TORUS SUCT VLV 10MOV-13D 

(Step D.1.32 continued on next page) 
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D.1.32 (Cont) 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 10P-2B control 

switch is in STOP.  

2) Open the following valves: 

" 10RHR-91B (RHR keep-full pump B suct isol 
valve) 

" 10RHR-91D (RHR keep-full pump B suct isol 
valve) 

3) Open 10RHR-96B (RHR keep-full pump B min 
flow valve).  

4) Open 10RHR-99B (RHR keep-full pump B disch 
to RHR loop B isol valve).  

5) Place circuit breaker 71MCC-163-OEI 
(10P-2B(M) RHR keep-full pump B motor) 

in ON.  

6) Ensure closed 10MOV-39B.  

7) Place circuit breaker 71MCC-163-OFI 
(10MOV-39B RHR loop B torus cooling isol 

valve) in ON.  

e. Place RHR Loop B keep-full in service per 
Section G of OP-13E.
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NOTE: RHR Loop B is preferred for shutdown cooling because RHR 
Pump 10P-3B or 1OP-3D can be operated at maximum flow with 
lower motor winding temperatures than RHR Pump 1OP-3A or 
1OP-3C.  

D.2 RHR Loop B Shutdown Cooling Startup/Shifting Shutdown 
Cooling Loops 

1EXPA.3.6 
D.2.1 IF fuel assemblies have been removed from the 

reactor vessel such that any in-core detector 
is not fully supported on all sides by a fuel 
assembly or blade guide, 
THEN perform one of the following as determined 
by the Shift Manager: 

a. Minimize the amount of time that shutdown 
cooling is in operation, unless required for 
decay heat removal.  

OR 

b. Arrange blade guides (in accordance with the 
appropriate RAP) to provide proper protection 
from flow induced vibration of in-core 
detectors.  

D.2.2 Ensure required LCO's are entered per ODSO-34 for 
LPCI/Containment Cooling.  

1EXPA.3.8 

D.2.3 Ensure continuous venting of RHR Header A and B is 
secured per Section G of OP-13.  

D.2.4 IF rapid recovery of SDC is necessary, 
AND expected time for restoration of SDC exceeds 
time-to-boil, 
THEN the following exceptions may be taken at the 
Shift Manager's discretion: 

* Loop flush per Step D.2.5 may be omitted 

Tags for Steps D.2.6 through D.2.8 may be 
delayed until after restoration complete 

If 10MOV-17 and/or 10MOV-18 isolated, they may 
be re-opened in Step D.2.19. Fill and vent is 
not required.  

D.2.5 IF RHR Loop B suction is lined up to the torus, 
THEN flush RHR Loop B per Subsection G.3.  
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NOTE: Steps D.2.6 through D.2.9 may be performed 
concurrently.  

D.2.6 Ensure RHR Keep-Full Pump 1OP-2B is protective 
tagged/removed from service as follows: 

a. Ensure RHR KEEP-FULL PMP 10P-2B control switch 
is in STOP.  

b. Ensure circuit breaker 71MCC-163-OE1 
(10P-2B(M) RHR keep-full pump B motor) is in 
OFF.  

c. Ensure closed 10RHR-96B (RHR keep-full pump B 
min flow valve).  

d. Ensure closed 10RHR-99B (RHR keep-full pump B 
disch to RHR loop B isol valve).  

e. Ensure closed the following valves: 

10RHR-91B (RHR keep-full pump B suct isol 
valve) 

10RHR-91D (RHR keep-full pump B suct isol 
valve) 

D.2.7 Ensure 10MOV-16B is protective tagged/closed as 
follows: 

a. Ensure closed MIN FLOW VLV 10MOV-16B.  

b. Ensure circuit breaker 71MCC-163-OH3 (10MOV-16B 
RHR loop B min flow isol valve) is in OFF.  

c. Ensure 10MOV-16B (RHR loop B min flow isol 
valve) handwheel is protective tagged closed.  

D.2.8 Ensure 10MOV-39B is protective tagged/closed as 
follows: 

a. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39B.  

b. Ensure circuit breaker 71MCC-163-OFl (10MOV-39B 
RHR loop B torus cooling isol valve) is in OFF.  

c. Ensure 10MOV-39B (RHR B torus cooling isol 
valve) handwheel is protective tagged closed.  
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D.2.9 IF 10MOV-18 power supply is not lined up, 
THEN line up 10MOV-18 power supply as follows: 

a. Place IS-IPCIA07 (control circuit isolation 
switch for 10MOV-18) in LOCAL.  

b. Place IS-IPCIA07 (control circuit isolation 
switch for 10MOV-18) in REMOTE.  

c. Unlock DS-lPCIA07 (power disconnect switch 
for 10MOV-18).  

d. Place DS-1PCIA07 (power disconnect switch 
for 10MOV-18) in ON.  

D.2.10 IF RHR Loop A is in a shutdown cooling lineup, 
THEN secure RHR Loop A from the shutdown cooling 
lineup as follows: 

CAUTION 

10MOV-16A is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

a. Close LPCI OUTBD INJ VLV 10MOV-27A.  

b. Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3A 

"* RHR PMP 1OP-3C 

c. Close LPCI INBD INJ VLV 10MOV-25A.  

d. Open LPCI OUTBD INJ VLV 10MOV-27A.  

e. Ensure open the following valves: 

"* HX A BYP VLV 10MOV-66A 

"* HX A OUTLET VLV 10MOV-12A 

(Step D.2.10 continued on next page)
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D.2.10 (Cont) 

f. IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

1) Ensure closed RHRSW DISCH VLV FROM HX A 
10MOV-89A.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-IA 

"* RHRSW PMP 10P-IC

g. IF RWR Pumps 02-2P-IA and 02-2P-IB are shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches 
on REFUEL WTR LVL 02-3LI-86 at panel 09-4.

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

1EXPA.3.2 

h. Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15A 

"* SHUTDOWN CLG SUCT VLV 10MOV-15C
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RHR - SHUTDOWN COOLING* OP-13D 

CAUTION 

If RPV water level is less than 234.5 inches with no 
forced core recirculation, reactor coolant temperature 
indications could be invalid due to insufficient 
natural circulation.  

D.2.11 IF RWR Pumps 02-2P-1A and 02-2P-lB are shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches on 
REFUEL WTR LVL 02-3LI-86 at panel 09-4.  

D.2.12 Ensure RPV pressure is LESS THAN 75 psig.  

D.2.13 IF RHR shutdown cooling isolation logic has 
actuated, 
THEN reset isolation logic as follows: 

a. Verify the following relays indicate ON: 

"* 16A-K28 in panel 09-41 

"* 16A-K50 in panel 09-42 

b. Simultaneously rotate the following PCIS VLV 
RESET switches to both RESET positions, spring 
return to NOR: 

"* 16A-$32 

"* 16A-$33 

c. Verify the following relays indicate ON: 

• 16A-K29 in panel 09-41 

* 16A-K53 in panel 09-41 

* 16A-K30 in panel 09-42 

* 16A-K54 in panel 09-42 

D.2.14 IF white HI DW OR LO LVL CLOSE OF 10MOV-25B IN 
SHUTDOWN CLG 1OA-DS85B light is on, 
THEN reset logic as follows: 

a. Depress 10MOV-25B CLOSE SIG RESET 1OA-S32B 
pushbutton.  

b. Verify white HI DW OR LO LVL CLOSE OF 10MOV-25B 
IN SHUTDOWN CLG 1OA-DS85B light is off.  
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D.2.15 Ensure closed the following valves': 

"* TORUS SUCT VLV 10MOV-13B 

"* TORUS SUCT VLV 10MOV-13D 

D.2.16 Ensure open the shutdown cooling suction valve 
for the RHR pump that is to be used for shutdown 
cooling: 

RHR Pump Shutdown Cooling Suction Valve 

1OP-3B SHUTDOWN CLG SUCT VLV 10MOV-15B 

1OP-3D SHUTDOWN CLG SUCT VLV 10MOV-15D 

D.2.17 Ensure open the following valves: 

"* HX B BYP VLV 10MOV-66B 

"* HX B INLET VLV 10MOV-65B 

"* HX B OUTLET VLV 10MOV-12B 

D.2.18 Ensure RPV pressure is LESS THAN 10 psig, if 
practicable.  

ICOMA. 2.1 
D.2.19 IF either of the following valves is closed: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"• SHUTDOWN CLG SUCT 10MOV-17 

THEN fill shutdown cooling suction piping per 
Subsection G.1.  

D.2.20 Verify open the following valves: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

D.2.21 Ensure Recirc Loops A and B are shutdown per OP-27, 
with the following exceptions: 

a. If both suction and discharge valves will be 
closed at the same time, ensure pump min purge 
flow is isolated prior to isolating pump.  

b. Ensure closed pump suction and/or discharge 
valve to prevent back flow through loop.  
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D.2.22 Close HX B OUTLET VLV 10MOV-12B.  

D.2.23 IF any RHR Loop B keep-full alarms are present, 
THEN perform the following: 

a. Ensure 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is throttled 
open.  

b. Ensure RHR Loop B keep-full alarms are clear.  

NOTE: RPV water level will trend downward when an RHR 
pump is started. Expected RPV water level response 
to RHR pump startup is shown on Attachment 2.  

D.2.24 Ensure RPV water level is GREATER THAN 215 inches.  

D.2.25 IF 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is open, 
THEN station an operator at 10RHR-260.  

CAUTION 

10MOV-16B is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

D.2.26 Start the RHR pump in RHR Loop B that is lined up 

for shutdown cooling (RHR PMP 1OP-3B or 
RHR PMP 1OP-3D).  

D.2.27 Open LPCI INBD INJ VLV 10MOV-25B.  

D.2.28 IF 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is open, 
THEN immediately close 10RHR-260.  

D.2.29 Throttle open HX B OUTLET VLV 10MOV-12B for 

15 to 20 seconds.  

1EXPA.3.3 

CAUTION 

When reactor coolant temperature is greater than 
212 0 F, delay in establishing RHRSW flow could cause 
water hammer in RHRSW piping due to heatup of the RHR 
heat exchanger.  

D.2.30 Control temperature per Section E.  
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D.2.31 IF RWR Loop A operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN 140 0 F.  

b. Place RWR Loop A in service per OP-27.  

NOTE: If RHR Loop A is to be returned to the shutdown 
cooling lineup, and is not required to be in the 
LPCI standby lineup, performance of Step D.2.32 may 
be delayed or waived at the discretion of the Shift 
Manager.  

D.2.32 IF RHR Loop A was in shutdown cooling prior to 
placing RHR Loop B in shutdown cooling, 
THEN place RHR Loop A in the LPCI standby lineup as 
follows: 

1EXPA.3.2 

a. Verify closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15A 

"• SHUTDOWN CLG SUCT VLV 10MOV-15C 

1EXPA.3.4 
b. Release protective tags and line up the 

following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-153-OB3 
(10MOV-16A RHR loop A min flow isol valve) 
in ON.  

2) Open MIN FLOW VLV 10MOV-16A.  

c. Open the following valves: 

* TORUS SUCT VLV 10MOV-13A 

• TORUS SUCT VLV 10MOV-13C 

(Step D.2.32 continued on next page) 
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D.2.32 (Cont) 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 1OP-2A control 
switch is in STOP.  

2) Open the following valves: 

"* 10RHR-91A (RHR keep-full pump A suct isol 
valve) 

"• 10RHR-91C (RHR keep-full pump A suct isol 
valve) 

3) Open 10RHR-96A (RHR keep-full pump A min 
flow valve).  

4) Open 10RHR-99A (RHR keep-full pump A disch 
to RHR loop A isol valve).  

5) Place circuit breaker 71MCC-153-OEl 
(10P-2A(M) RHR keep-full pump A motor) 
in ON.  

6) Ensure closed 10MOV-39A.  

7) Place circuit breaker 71MCC-153-OD1 
(10MOV-39A RHR loop A torus cooling isol 
valve) in ON.  

e. Place RHR Loop A keep-full in service per 
Section G of OP-13E.  
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NOTE: Reactor coolant temperature could rise while shifting RHR 
pumps due to 10MOV-12A being closed.  

D.3 Shifting RHR Pumps with RER Loop A in Shutdown Cooling 

D.3.1 Ensure open HX A BYP VLV 10MOV-66A.  

D.3.2 Ensure closed HX A OUTLET VLV 10MOV-12A.  

CAUTION 

Operation of two RHR pumps at a flow rate less than 
13,000 gpm could cause high pump vibration.  

D.3.3 IF shifting from RHR Pump A to RHR Pump C, 
THEN perform the following: 

a. Ensure closed TORUS SUCT VLV 10MOV-13C.  

b. Open SHUTDOWN CLG SUCT VLV 10MOV-15C.  

c. Start RHR PMP 1OP-3C.  

d. Stop RHR PMP 1OP-3A.  

e. Close SHUTDOWN CLG SUCT VLV 10MOV-15A.  

D.3.4 IF shifting from RHR Pump C to RHR Pump A, 
THEN perform the following: 

a. Ensure closed TORUS SUCT VLV 10MOV-13A.  

b. Open SHUTDOWN CLG SUCT VLV 10MOV-15A.  

c. Start RHR PMP 1OP-3A.  

d. Stop RHR PMP 1OP-3C.  

e. Close SHUTDOWN CLG SUCT VLV 10MOV-15C.  

D.3.5 Control temperature per Section E.  

D.3.6 IF RWR Loop B operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN 140 0 F.  

b. Place RWR Loop B in service per OP-27.
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NOTE: Reactor coolant temperature could rise while shifting RHR 
pumps due to 10MOV-12B being closed.  

D.4 Shifting RHR Pumps with RHR Loop B in Shutdown Cooling 

D.4.1 Ensure open HX B BYP VLV 10MOV-66B.  

D.4.2 Ensure closed HX B OUTLET VLV 10MOV-12B.  

CAUTION 

Operation of two RHR pumps at a flow rate less than 
13,000 gpm could cause high pump vibration.  

D.4.3 IF shifting from RHR Pump B to RHR Pump D, 

THEN perform the following: 

a. Ensure closed TORUS SUCT VLV 10MOV-13D.  

b. Open SHUTDOWN CLG SUCT VLV 10MOV-15D.  

c. Start RHR PMP 1OP-3D.  

d. Stop RHR PMP 1OP-3B.  

e. Close SHUTDOWN CLG SUCT VLV 10MOV-15B.  

D.4.4 IF shifting from RHR Pump D to RHR Pump B, 
THEN perform the following: 

a. Ensure closed TORUS SUCT VLV 10MOV-13B.  

b. Open SHUTDOWN CLG SUCT VLV 10MOV-15B.  

c. Start RHR PMP 1OP-3B.  

d. Stop RHR PMP 1OP-3D.  

e. Close SHUTDOWN CLG SUCT VLV 10MOV-15D.  

D.4.5 Control temperature per Section E.  

D.4.6 IF RWR Loop A operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN !40°F.  

b. Place RWR Loop A in service per OP-27.  
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NOTE 1: This procedure is to be used to place RHR Loop A in the 
Shutdown Cooling mode when RHR Loop B is already in 
Shutdown Cooling, the reactor is in the cold condition, and it is desired to provide uninterrupted shutdown 
cooling flow through the reactor core.  

NOTE 2: RHR Loop B is preferred for shutdown cooling because RHR Pump 1OP-3B or 1OP-3D can be operated at maximum flow with lower motor winding temperatures than RHR Pump 
1OP-3A or 1OP-3C.  

D.5 RHR Loop A Shutdown Cooling Startup With RHR Loop B Already in Shutdown Cooling (No Interruption in Shutdown Cooling 
Flow) 

D.5.1 IF RHR Loop A suction is lined up to the torus, 
THEN flush RHR Loop A per Subsection G.2.  

NOTE: Steps D.5.2 through D.5.4 may be performed 
concurrently.  

D.5.2 Ensure RHR Keep-Full Pump 1OP-2A is protective 
tagged/removed from service as follows: 

a. Ensure RHR KEEP-FULL PMP 1OP-2A control switch 
is in STOP.  

b. Ensure circuit breaker 71MCC-153-OEl 
(10P-2A(M) RHR keep-full pump A motor) is in 
OFF.  

c. Ensure closed 10RHR-96A (RHR keep-full pump A 
min flow valve).  

d. Ensure closed 10RHR-99A (RHR keep-full pump A 
disch to RHR loop A isol valve).  

e. Ensure closed the following valves: 

"* 10RHR-91A (RHR keep-full pump A suct isol 
valve) 

"* 10RHR-91C (RHR keep-full pump A suct isol 
valve) 
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D.5.3 Ensure lOMOV-16A is protective tagged/closed as

D.5.3 Ensure 10MOV-16A is protective tagged/closed as 
follows: 

a. Ensure closed MIN FLOW VLV 10MOV-16A.  

b. Ensure circuit breaker 71MCC-153-OB3 (10MOV-16A 
RHR loop A min flow isol valve) is in OFF.  

c. Ensure 10MOV-16A (RHR loop A min flow isol 
valve) handwheel is protective tagged closed.  

D.5.4 Ensure 10MOV-39A is protective tagged/closed as 
follows: 

a. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39A.  

b. Ensure circuit breaker 71MCC-153-ODl (10MOV-39A 
RHR loop A torus cooling isol valve) is in OFF.  

c. Ensure 10MOV-39A (RHR A torus cooling isol 
valve) handwheel is protective tagged closed. I 

D.5.5 IF white HI DW OR LO LVL CLOSE OF 10MOV-25A IN 
SHUTDOWN CLG 1OA-DS85A light is on, 
THEN reset logic as follows: 

a. Depress 10MOV-25A CLOSE SIG RESET 1OA-S32A 
pushbutton.  

b. Verify white HI DW OR LO LVL CLOSE OF 10MOV-25A 
IN SHUTDOWN CLG 1OA-DS85A light is off.  

NOTE: In order to minimize the time required to recover 
from a loss of shutdown cooling, this procedure may 
be performed up through Step D.5.6 to place RHR 
Loop A in a standby shutdown cooling lineup. While 
RHR Loop A is in a standby shutdown cooling lineup, 
Step D.5.11 may be performed at the discretion of 
the Shift Manager to maintain RHR Loop A full of 
water.  

D.5.6 Ensure closed the following valves: 

"* TORUS SUCT VLV IOMOV-13A 
"* TORUS SUCT VLV 10MOV-13C 
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D.5.7 Ensure open the shutdown cooling suction valve 
for the RHR pump that is to be used for shutdown 
cooling: 

RHR Pump Shutdown Cooling Suction Valve 

1OP-3A SHUTDOWN CLG SUCT VLV 10MOV-15A 
1OP-3C SHUTDOWN CLG SUCT VLV 10MOV-15C 

D.5.8 Ensure open the following valves: 

"* HX A BYP VLV 10MOV-66A 

"* HX A INLET VLV IOMOV-65A 

"* HX A OUTLET VLV 10MOV-12A 

D.5.9 Ensure Recirc Loops A and B are shutdown per OP-27, 
with the following exceptions: 

a. If both suction and discharge valves will be 
closed at the same time, ensure pump min purge 
flow is isolated prior to isolating pump.  

b. Ensure closed pump suction and/or discharge 
valve to prevent back flow through loop.  

D.5.10 Close HX A OUTLET VLV 10MOV-12A.  

D.5.11 IF any RHR Loop A keep-full alarms are present, 
THEN perform the following: 

a. Ensure 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve) 
is throttled open.  

b. Ensure RHR Loop A keep-full alarms are clear.  

NOTE: RPV water level will trend downward when an RHR 
pump is started. Expected RPV water level response 
to RHR pump startup is shown on Attachment 2.  

D.5.12 Ensure RPV water level is GREATER THAN 215 inches.  

D.5.13 IF 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is open, 
THEN station an operator at 10RHR-274.  
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CAUTION 

10MOV-16A is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

D.5.14 Start the RHR pump in RHR Loop A that is lined up 
for shutdown cooling (RHR PMP 10P-3A or 
RHR PMP 1OP-3C).  

D.5.15 Open LPCI INBD INJ VLV 10MOV-25A.  

D.5.16 IF 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve) is open, 
THEN immediately close 10RHR-274.  

D.5.17 Throttle open HX A OUTLET VLV 10MOV-12A for 

15 to 20 seconds.  

D.5.18 Control temperature per Section E.  

D.5.19 Secure RHR Loop B from the shutdown cooling lineup 
as follows: 

CAUTION 

10MOV-16B is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

a. Close LPCI OUTBD INJ VLV 10MOV-27B.  

b. Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3B 

"* RHR PMP 10P-3D 

c. Close LPCI INBD INJ VLV 10MOV-25B.  

d. Open LPCI OUTBD INJ VLV 10MOV-27B.  

e. Ensure open the following valves: 

• HX B BYP VLV 10MOV-66B 

* HX B OUTLET VLV 10MOV-12B 

(Step D.5.19 continued on next page)
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D.5.19 (Cont) 

f. IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

1) Ensure closed RHRSW DISCH VLV FROM HX B 
10MOV-89B.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-IB 

"* RHRSW PMP 10P-ID 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

1EXPA.3.2 

g. Ensure closed the following valves: 

* SHUTDOWN CLG SUCT VLV 10MOV-15B 

* SHUTDOWN CLG SUCT VLV 10MOV-15D 

D.5.20 IF RWR Loop B operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN 140 0 F.  

b. Place RWR Loop B in service per OP-27.  

D.5.21 IF RHR Loop B will be maintained in a standby 
shutdown cooling lineup, 
THEN throttle open 10RHR-260 (RHR loop B reactor 
head spray keep-full 1OPCV-266 bypass valve) at the 
discretion of the Shift Manager to maintain RHR 
Loop B full of water.
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NOTE: If RHR Loop B is to be returned to the shutdown 
cooling lineup, and is not required to be in the 
LPCI standby lineup, performance of Step D.5.22 may 
be delayed or waived at the discretion of the Shift 
Manager.  

D.5.22 Place RHR Loop B in the LPCI standby lineup as 
follows: 

1EXPA.3.2 
a. Verify closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15B 

"• SHUTDOWN CLG SUCT VLV 1OMOV-15D 

1EXPA.3.4 
b. Release protective tags and line up the 

following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-163-OH3 
(10MOV-16B RHR loop B min flow isol valve) 
in ON.  

2) Open MIN FLOW VLV 10MOV-16B.  

c. Open the following valves: 

"* TORUS SUCT VLV 10MOV-13B 

"• TORUS SUCT VLV 10MOV-13D 

(Step D.5.22 continued on next page)
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D.5.22 (Cont) 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 1OP-2B control 

switch is in STOP.  

2) Open the following valves: 

"* 10RHR-91B (RHR keep-full pump B suct isol 
valve) 

" 10RHR-91D (RHR keep-full pump B suct isol 
valve) 

3) Open 10RHR-96B (RHR keep-full pump B min 
flow valve).  

4) Open 10RHR-99B (RHR keep-full pump B disch 
to RHR loop B isol valve).  

5) Place circuit breaker 71MCC-163-OEI 
(10P-2B(M) RHR keep-full pump B motor) 
in ON.  

6) Ensure closed 10MOV-39B.  

7) Place circuit breaker 71MCC-163-OFI 
(10MOV-39B RHR loop B torus cooling isol 

valve) in ON.  

e. Place RHR Loop B keep-full in service per 
Section G of OP-13E.
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NOTE 1: This procedure is to be used to place RHR Loop B in the 
Shutdown Cooling mode when RHR Loop A is already in 
Shutdown Cooling, the reactor is in the cold condition, 
and it is desired to provide uninterrupted shutdown 
cooling flow through the reactor core.  

NOTE 2: RHR Loop B is preferred for shutdown cooling because RHR 
Pump 1OP-3B or 1OP-3D can be operated at maximum flow 
with lower motor winding temperatures than RHR Pump 
1OP-3A or 1OP-3C.  

D.6 RHR Loop B Shutdown Cooling Startup With RHR Loop A Already 
in Shutdown Cooling (No Interruption in Shutdown Cooling 
Flow) 

D.6.1 IF RHR Loop B suction is lined up to the torus, 
THEN flush RHR Loop B per Subsection G.3.  

NOTE: Steps D.6.2 through D.6.4 may be performed 
concurrently.  

D.6.2 Ensure RHR Keep-Full Pump 1OP-2B is protective 
tagged/removed from service as follows: 

a. Ensure RHR KEEP-FULL PMP 1OP-2B control switch 
is in STOP.  

b. Ensure circuit breaker 71MCC-163-OE1 
(10P-2B(M) RHR keep-full pump B motor) is in 

OFF.  

c. Ensure closed 10RHR-96B (RHR keep-full pump B 
min flow valve).  

d. Ensure closed 10RHR-99B (RHR keep-full pump B 
disch to RHR loop B isol valve).  

e. Ensure closed the following valves: 

"* 10RHR-91B (RHR keep-full pump B suct isol 
valve) 

"* 10RHR-91D (RHR keep-full pump B suct isol 
valve) 
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D.6.3 Ensure 10MOV-16B is protective tagged/closed as 
follows: 

a. Ensure closed MIN FLOW VLV 10MOV-16B.  

b. Ensure circuit breaker 71MCC-163-OH3 (10MOV-16B 
RHR loop B min flow isol valve) is in OFF.  

c. Ensure 10MOV-16B (RHR loop B min flow isol 
valve) handwheel is protective tagged closed.  

D.6.4 Ensure 10MOV-39B is protective tagged/closed as 
follows: 

a. Ensure closed RHR TEST TORUS CLG & SPRAY 
10MOV-39B.  

b. Ensure circuit breaker 71MCC-163-OFI (10MOV-39B 
RHR loop B torus cooling isol valve) is in OFF.  

c. Ensure IOMOV-39B (RHR B torus cooling isol 
valve) handwheel is protective tagged closed.  

D.6.5 IF white HI DW OR LO LVL CLOSE OF 10MOV-25B IN 
SHUTDOWN CLG 1OA-DS85B light is on, 
THEN reset logic as follows: 

a. Depress 10MOV-25B CLOSE SIG RESET 1OA-S32B 
pushbutton.  

b. Verify white HI DW OR LO LVL CLOSE OF 10MOV-25B 
IN SHUTDOWN CLG 1OA-DS85B light is off.  

NOTE: In order to minimize the time required to recover 
from a loss of shutdown cooling, this procedure may 
be performed up through Step D.6.6 to place RHR 
Loop B in a standby shutdown cooling lineup. While 
RHR Loop B is in a standby shutdown cooling lineup, 
Step D.6.11 may be performed at the discretion of 
the Shift Manager to maintain RHR Loop B full of 
water.  

D.6.6 Ensure closed the following valves: 

"* TORUS SUCT VLV 10MOV-13B 
"* TORUS SUCT VLV 10MOV-13D 
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D.6.7 Ensure open the shutdown cooling suction valve 
for the RHR pump that is to be used for shutdown 
cooling: 

RHR Pump Shutdown Cooling Suction Valve 

1OP-3B SHUTDOWN CLG SUCT VLV 10MOV-15B 
1OP-3D SHUTDOWN CLG SUCT VLV 10MOV-15D 

D.6.8 Ensure open the following valves: 

"* HX B BYP VLV 10MOV-66B 

"* HX B INLET VLV 10MOV-65B 

"* HX B OUTLET VLV 10MOV-12B 

D.6.9 Ensure Recirc Loops A and B are shutdown per OP-27, 
with the following exceptions: 

a. If both suction and discharge valves will be 
closed at the same time, ensure pump min purge 
flow is isolated prior to isolating pump.  

b. Ensure closed pump suction and/or discharge 
valve to prevent back flow through loop.  

D.6.10 Close HX B OUTLET VLV 10MOV-12B.  

D.6.11 IF any RHR Loop B keep-full alarms are present, 
THEN perform the following: 

a. Ensure 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is throttled 
open.  

b. Ensure RHR Loop B keep-full alarms are clear.  

NOTE: RPV water level will trend downward when an RHR 
pump is started. Expected RPV water level response 
to RHR pump startup is shown on Attachment 2.  

D.6.12 Ensure RPV water level is GREATER THAN 215 inches.  

D.6.13 IF 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is open, 
THEN station an operator at 10RHR-260.  
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CAUTION 

10MOV-16B is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

D.6.14 Start the RHR pump in RHR Loop B that is lined up 
for shutdown cooling (RHR PMP 1OP-3B or 
RHR PMP 1OP-3D).  

D.6.15 Open LPCI INBD INJ VLV 10MOV-25B.  

D.6.16 IF 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve) is open, 
THEN immediately close 10RHR-260.  

D.6.17 Throttle open HX B OUTLET VLV 10MOV-12B for 

15 to 20 seconds.  

D.6.18 Control temperature per Section E.  

D.6.19 Secure RHR Loop A from the shutdown cooling lineup 
as follows: 

CAUTION 

10MOV-16A is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

a. Close LPCI OUTBD INJ VLV 10MOV-27A.  

b. Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3A 

"* RHR PMP 1OP-3C 

c. Close LPCI INBD INJ VLV 10MOV-25A.  

d. Open LPCI OUTBD INJ VLV 10MOV-27A.  

e. Ensure open the following valves: 

"* HX A BYP VLV 10MOV-66A 

"* HX A OUTLET VLV 10MOV-12A 

(Step D.6.19 continued on next page) 
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D.6.19 (Cont) 

f. IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

1) Ensure closed RHRSW DISCH VLV FROM HX A 
10MOV-89A.  

2) Ensure the following RHRSW pumps are 
stopped: 

"* RHRSW PMP 10P-lA 

"* RHRSW PMP 10P-IC 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

|EXPA.3.2 

g. Ensure closed the following valves: 

• SHUTDOWN CLG SUCT VLV 10MOV-15A 

• SHUTDOWN CLG SUCT VLV 10MOV-15C 

D.6.20 IF RWR Loop A operation is required, 
THEN perform the following: 

a. Ensure reactor coolant temperature is 
LESS THAN 140 0 F.  

b. Place RWR Loop A in service per OP-27.  

D.6.21 IF RHR Loop A will be maintained in a standby 
shutdown cooling lineup, 
THEN throttle open 10RHR-274 (RHR loop A 
containment spray keep-full cond xfer connection 
valve) at the discretion of the Shift Manager to 
maintain RHR Loop A full of water.  
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NOTE: If RHR Loop A is to be returned to the shutdown 
cooling lineup, and is not required to be in the 
LPCI standby lineup, performance of Step D.6.22 may 
be delayed or waived at the discretion of the Shift 
Manager.  

D.6.22 Place RHR Loop A in the LPCI standby lineup as 
follows: 

1EXPA.3.2 

a. Verify closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15A 

"* SHUTDOWN CLG SUCT VLV 10MOV-15C 

1EXPA.3.4 
b. Release protective tags and line up the 

following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-153-OB3 
(10MOV-16A RHR loop A min flow isol valve) 
in ON.  

2) Open MIN FLOW VLV 10MOV-16A.  

c. Open the following valves: 

"* TORUS SUCT VLV 10MOV-13A 

"* TORUS SUCT VLV 10MOV-13C 

(Step D.6.22 continued on next page)
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D.6.22 (Cont) 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 1OP-2A control 
switch is in STOP.  

2) Open the following valves: 

"* 10RHR-91A (RHR keep-full pump A suct isol 
valve) 

"* 10RHR-91C (RHR keep-full pump A suct isol 
valve) 

3) Open 10RHR-96A (RHR keep-full pump A min 
flow valve).  

4) Open 10RHR-99A (RHR keep-full pump A disch 
to RHR loop A isol valve).  

5) Place circuit breaker 71MCC-153-OEl 
(10P-2A(M) RHR keep-full pump A motor) 
in ON.  

6) Ensure closed 10MOV-39A.  

7) Place circuit breaker 71MCC-153-ODI 
(10MOV-39A RHR loop A torus cooling isol 
valve) in ON.  

e. Place RHR Loop A keep-full in service per 
Section G of OP-13E.
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NOTE: Section written for A loop, use designations in 
parentheses for B loop.  

E. NORMAL OPERATION 

E.1 Refer to ODSO-32 for shutdown operation guidance.  

NOTE: It is normal for 10FI-136A(B) to indicate up to 1200 gpm 
when a RHR pump is running with 10MOV-26A(B) closed.  

E.2 Control RPV and reactor coolant temperatures using one or a 
combination of the following methods: 

1EXPA.3.3 

CAUTION 

When reactor coolant temperature is greater than 
212 0 F, delay in establishing RHRSW flow could cause 
water hammer in RHRSW piping due to heatup of the RHR 
heat exchanger.  

0 Start up RHRSW Loop per Section D of OP-13C.  

NOTE: 10MOV-12A(B) or 10MOV-66A(B) is maintained full 
open to ensure maximum RHR pump flow at all times 
while in shutdown cooling.  

* With 10MOV-66A(B) full open, throttle HX A(B) 
OUTLET VLV 10MOV-12A(B).  

0 With 10MOV-12A(B) full open, throttle HX A(B) BYP 
VLV 10MOV-66A(B).  

CAUTION 

Running an RHRSW pump with flow less than 2500 gpm or 
greater than 4000 gpm per pump could damage pump.  

0 Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A(B).  

0 Start or stop second RHRSW pump in RHRSW Loop.  

0 Shut down RHRSW Loop per Section F of OP-13C.  

E.3 IF RHR pump motor winding temperature reaches 284°F while 
running in shutdown cooling, 
THEN immediately perform Subsection G.6 OR G.7.  

E.4 Maintain reactor coolant temperature GREATER THAN 68 0 F.
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E.5 Maintain cooldown rate of the following parameters LESS THAN 
OR EQUAL TO 80 0 F per hour: 

"* RHR Loop A(B) water temperature 

"* RPV shell temperature 

"* RPV flange temperature 

E.6 Monitor RPV head flange temperature on RX VESSEL TEMP 
02-3TR-89 (point 6) VESSEL TOP HEAD FLANGE 02-3TE-66B1 at 
panel 09-21.  
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NOTE: The LPCI MOV bus charger/inverters are affected by harsh 
radiation fields. LPCI MOV Bus A Inverter 71INV-3A could 
be limited to 80 hours of operation due to radiation 
induced failure following a LOCA. LPCI MOV Bus B Inverter 
71INV-3B could be limited to 6 hours of operation due to 
radiation induced failure following a LOCA.  

F. SHUTDOWN 

NOTE: Subsections F.1 and F.2 are independent procedures and may 
be performed in any order, provided steps within each 
subsection are performed in the order written.  

TABLE OF CONTENTS

SUBSECTION 

F.1 RHR Loop A Shutdown Cooling Shutdown 

F.2 RBR Loop B Shutdown Cooling Shutdown
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F.1 RHR Loop A Shutdown Cooling Shutdown 

CAUTION 

10MOV-16A is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

F.1.1 IF an RWR loop will be placed in service when 
shutdown cooling is secured, 
THEN ensure reactor coolant temperature 
is LESS THAN 140OF to allow opening the RWR pump 
discharge valve to warm the loop without performing 
ST-26K.  

F.1.2 Close LPCI OUTBD INJ VLV 10MOV-27A.  

F.1.3 Ensure the following RHR pumps are stopped: 

"* RHR PMP 1OP-3A 
"* RHR PMP 1OP-3C 

F.1.4 Close LPCI INBD INJ VLV 10MOV-25A.  

F.1.5 Open LPCI OUTBD INJ VLV 10MOV-27A.  

1EXPA.3.2 
F.1.6 Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15A 
"* SHUTDOWN CLG SUCT VLV 10MOV-15C 

F.1.7 IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

a. Close RHRSW DISCH VLV FROM HX A 10MOV-89A.  

b. Ensure the following RHRSW pumps are stopped: 

"* RHRSW PMP l0P-lA 
"* RHRSW PMP 1OP-IC
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CAUTION 

If RPV water level is less than 234.5 inches with no 
forced core recirculation, reactor coolant temperature 
indications could be invalid due to insufficient 
natural circulation.  

F.1.8 IF RWR Pumps 02-2P-lA and 02-2P-lB are shutdown, 
AND will remain shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches on 
REFUEL WTR LVL 02-3LI-86 at panel 09-4.  

F.1.9 IF RHR Loop A is being shutdown for reasons that 
will not cause or require further RHR Loop A valve 
operation, 
AND RHR Loop A will be returned to shutdown cooling 
per Subsection D.1, 
THEN return to Subsection D.1 when RHR Loop A 
shutdown cooling mode operation is desired.  

F.1.10 IF RHR Loop A is being shutdown for testing that 
will cause or require RHR Loop A valve operation; 
for example, surveillance testing that causes 
system isolation signals, 
AND RHR Loop A is to be returned to the shutdown 
cooling mode per Subsection D.1, 
THEN line up RHR Loop A as follows: 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

a. Close the following valves: 

"* SHUTDOWN CLG SUCT IOMOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

b. Throttle 10RHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve) 
as necessary to maintain RHR Loop A full.

Page 46 of 78

OP-13DRHR - SHUTDOWN COOLING*

Rev. No. 12



RHR - SHUTDOWN COOLING*

SEXPA. 3.7 
F.1.11 IF both trains of RHR shutdown cooling are removed 

from service for the first time during a refueling 
outage, 
THEN perform the following before rendering RHR 
shutdown cooling unavailable: 

a. Ensure Fuel Pool Cooling System is operating.  

b. Ensure only one train of DHR is operating, 
providing cooling to the core and spent fuel 
pool (gates removed, cavity flooded).  

c. Verify availability of the redundant DHR train 
and backup emergency power.  

d. Close the following valves to isolate RBCLC to 
fuel pool cooling heat exchangers: 

" 15RBC-15A (fuel pool heat exch 19E-IA RBCLC 
return isol valve) 

" 15RBC-15B (fuel pool heat exch 19E-IB RBCLC 
return isol valve) 

NOTE: RHR shutdown cooling is required to be 
secured for at least 2 hours to ensure 
equilibrium thermal-hydraulic conditions are 
established in the core and spent fuel pool.  

e. WHEN both trains of RHR shutdown cooling have 
been secured for at least 2 hours, verify DHR 
System is capable of assuming the spent fuel 
pool and core decay heat load by observing 
temperature trend on RHR WTR & HPCI TEMP 
10TRS-131. Points 7, 8, and 9 should show a 
constant or decreasing temperature trend over 
the next 1 hour period.  

NOTE: Temperature data need not be retained. SM 
log entry to state that DHR capability was 
demonstrated per OP-13D is sufficient 
documentation.  

f. SM review temperature trend data to verify DHR 

capability and document in SM Log.  

g. Open the following valves: 

"* 15RBC-15A 

"* 15RBC-15B
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F.1.12 IF RHR Loop A shutdown cooling operation is no 
longer required, 
THEN place RHR Loop A in the LPCI standby lineup as 
follows:

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

a. Close the following valves: 

* SHUTDOWN CLG SUCT 10MOV-18 

* SHUTDOWN CLG SUCT 10MOV-17 

IEXPA.3.2 
b. Ensure closed the following valves: 

* SHUTDOWN CLG SUCT VLV 10MOV-15A 

* SHUTDOWN CLG SUCT VLV 10MOV-15C 

c. Ensure open the following valves: 

"* HX A BYP VLV 10MOV-66A 

"* HX A OUTLET VLV 10MOV-12A 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-153-OB3 
(10MOV-16A RHR loop A min flow isol valve) 
in ON.  

2) Open MIN FLOW VLV 10MOV-16A.  

e. Open the following valves: 

"* TORUS SUCT VLV 10MOV-13A 

"* TORUS SUCT VLV 10MOV-13C

(Step F.1.12 continued on next page)
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F.l.12 (Cont) 

f. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 1OP-2A control 

switch is in STOP.  

2) Open the following valves: 

"* 10RHR-91A (RHR keep-full pump A suct isol 
valve) 

"* 10RHR-91C (RHR keep-full pump A suct isol 
valve) 

3) Open 10RHR-96A (RHR keep-full pump A min 
flow valve).  

4) Open 10RHR-99A (RHR keep-full pump A disch 
to RHR loop A isol valve).  

5) Place circuit breaker 71MCC-153-OEI 
(10P-2A(M) RHR keep-full pump A motor) 
in ON.  

6) Ensure closed 10MOV-39A.  

7) Place circuit breaker 71MCC-153-OD1 
(10MOV-39A RHR loop A torus cooling isol 
valve) in ON.  

g. Place RHR Loop A keep-full in service per 
Section G of OP-13E.  

h. Place DS-IPCIA07 (power disconnect switch for 
10MOV-18) in OFF.  

i. Lock DS-lPCIA07 (power disconnect switch for 
10MOV-18) in OFF.  

j. Verify IS-IPCIA07 (control circuit isolation 
switch for 10MOV-18) is in REMOTE.  

k. Lock IS-1PCIA07 (control circuit isolation 
switch for 10MOV-18) in REMOTE.
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F.2 RHR Loop B Shutdown Cooling Shutdown 

CAUTION 

10MOV-16B is protective tagged closed. Running an RHR 
pump for greater than 1 minute without establishing 
flow could damage pump.  

F.2.1 IF an RWR loop will be placed in service when 
shutdown cooling is secured, 
THEN ensure reactor coolant temperature 
is LESS THAN 140OF to allow opening the RWR pump 
discharge valve to warm the loop without performing 
ST-26K.  

F.2.2 Close LPCI OUTBD INJ VLV 10MOV-27B.  

F.2.3 Ensure the following RHR pumps are stopped: 

"* RHR PMP 10P-3B 
"* RHR PMP 1OP-3D 

F.2.4 Close LPCI INBD INJ VLV 10MOV-25B.  

F.2.5 Open LPCI OUTBD INJ VLV 10MOV-27B.  

1EXPA.3.2 
F.2.6 Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15B 
"* SHUTDOWN CLG SUCT VLV 10MOV-15D 

F.2.7 IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

a. Close RHRSW DISCH VLV FROM HX B 10MOV-89B.  

b. Ensure the following RHRSW pumps are stopped: 

"• RHRSW PMP 1OP-lB 
"• RHRSW PMP 10P-ID 
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F.2.8 IF RWR Pumps 02-2P-IA and 02-2P-lB are shutdown, 
AND will remain shutdown, 
THEN raise RPV water level to ABOVE 234.5 inches on 
REFUEL WTR LVL 02-3LI-86 at panel 09-4.  

F.2.9 IF RHR Loop B is being shutdown for reasons that 
will not cause or require further RHR Loop B valve 
operation, 
AND RHR Loop B will be returned to shutdown cooling 
per Subsection D.2, 
THEN return to Subsection D.2 when RHR Loop B 
shutdown cooling mode operation is desired.  

F.2.10 IF RHR Loop B is being shutdown for testing that 
will cause or require RHR Loop B valve operation; 
for example, surveillance testing that causes 
system isolation signals, 
AND RHR Loop B is to be returned to the shutdown 
cooling mode per Subsection D.2, 
THEN line up RHR Loop B as follows: 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

a. Close the following valves: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

b. Throttle 10RHR-260 (RHR loop B reactor head 
spray keep-full 1OPCV-266 bypass valve) as 
necessary to maintain RHR Loop B full.
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|EXPA.3.7 
F.2.11 IF both trains of RHR shutdown cooling are removed 

from service for the first time during a refueling 
outage, 
THEN perform the following before rendering RHR 
shutdown cooling unavailable: 

a. Ensure Fuel Pool Cooling System is operating.  

b. Ensure only one train of DHR is operating, 
providing cooling to the core and spent fuel 
pool (gates removed, cavity flooded).  

c. Verify availability of the redundant DHR train 
and backup emergency power.  

d. Close the following valves to isolate RBCLC to 
fuel pool cooling heat exchangers: 

* 15RBC-15A (fuel pool heat exch 19E-IA RBCLC 
return isol valve) 

* 15RBC-15B (fuel pool heat exch 19E-IB RBCLC 
return isol valve) 

NOTE: RHR shutdown cooling is required to be 
secured for at least 2 hours to ensure 
equilibrium thermal-hydraulic conditions are 
established in the core and spent fuel pool.  

e. WHEN both trains of RHR shutdown cooling have 
been secured for at least 2 hours, verify DHR 
System is capable of assuming the spent fuel 
pool and core decay heat load by observing 
temperature trend on RHR WTR & HPCI TEMP 
10TRS-131. Points 7, 8, and 9 should show a 
constant or decreasing temperature trend over 
the next 1 hour period.  

NOTE: Temperature data need not be retained. SM 
log entry to state that DHR capability was 
demonstrated per OP-13D is sufficient 
documentation.  

f. SM review temperature trend data to verify DHR 
capability and document in SM Log.  

g. Open the following valves: 

"* 15RBC-15A 

"* 15RBC-15B 
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F.2.12 IF RHR Loop B shutdown cooling operation is no 
longer required, 
THEN place RHR Loop B in the LPCI standby lineup as 
follows: 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the associated 10MOV-13A, B, C, or D are open 
at the same time.  

a. Close the following valves: 

* SHUTDOWN CLG SUCT 10MOV-18 

* SHUTDOWN CLG SUCT 10MOV-17 

1EXPA.3.2 
b. Ensure closed the following valves: 

* SHUTDOWN CLG SUCT VLV 10MOV-15B 

* SHUTDOWN CLG SUCT VLV 10MOV-15D 

c. Ensure open the following valves: 

"* HX B BYP VLV 10MOV-66B 

"* HX B OUTLET VLV 10MOV-12B 

d. Release protective tags and line up the 
following components in the position/status 
specified below: 

1) Place circuit breaker 71MCC-163-OH3 
(10MOV-16B RHR loop B min flow isol valve) 
in ON.  

2) Open MIN FLOW VLV 10MOV-16B.  

e. Open the following valves: 

"* TORUS SUCT VLV IOMOV-13B 

"* TORUS SUCT VLV 10MOV-13D 

(Step F.2.12 continued on next page)
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F.2.12 (Cont) 

f. Release protective tags and line up the 
following components in the position/status 
specified below: 

NOTE: The following components are listed in 
the correct order to restore components 
to service.  

1) Ensure RHR KEEP-FULL PMP 1OP-2B control 

switch is in STOP.  

2) Open the following valves: 

"* 10RHR-91B (RHR keep-full pump B suct isol 
valve) 

"* 10RHR-91D (RHR keep-full pump B suct isol 
valve) 

3) Open 10RHR-96B (RHR keep-full pump B min 
flow valve).  

4) Open 10RHR-99B (RHR keep-full pump B disch 
to RHR loop B isol valve).  

5) Place circuit breaker 71MCC-163-OEI 
(10P-2B(M) RHR keep-full pump B motor) 
in ON.  

6) Ensure closed 10MOV-39B.  

7) Place circuit breaker 71MCC-163-OFl 
(10MOV-39B RHR loop B torus cooling isol 
valve) in ON.  

g. Place RHR Loop B keep-full in service per 
Section G of OP-13E.  

h. Place DS-lPCIA07 (power disconnect switch for 
10MOV-18) in OFF.  

i. Lock DS-1PCIA07 (power disconnect switch for 
10MOV-18) in OFF.  

j. Verify IS-lPCIA07 (control circuit isolation 
switch for 10MOV-18) is in REMOTE.  

k. Lock IS-1PCIA07 (control circuit isolation 
switch for 10MOV-18) in REMOTE.

Page 54 of 78

OP-13D

Rev. No. 12



G. SPECIAL PROCEDURES 

NOTE: Subsections G.1 through G.8 are independent procedures and 
may be performed in any order, provided steps within each 
subsection are performed in the order written.  
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G.l Filling 

G.I.I 

| COMA .2.

Rev.

Shutdown Cooling Suction Piping 

IF shutdown cooling has been out of service 
LESS THAN OR EQUAL TO 24 hours, 
THEN perform the following: 

a. IF Shift Manager desires that piping be filled 
using condensate transfer, 
THEN fill piping per Step G.1.3.  

b. Fill piping per Step G.1.4.  

2
G.1.2 IF shutdown cooling has been out of service 

GREATER THAN 24 hours, 
THEN perform the following: 

a. Fill piping per Step G.1.3.  

b. Fill piping per Step G.1.4.  

G.1.3 Fill piping using condensate transfer as follows: 

a. Establish communication between the drywell 
entrance and the Control Room.  

b. Ensure closed SHUTDOWN CLG SUCT 10MOV-18.  

c. Ensure open SHUTDOWN CLG SUCT 10MOV-17.  

d. Connect a hose to 10RHR-441 (RHR SDC high point 
vent valve) as follows: 

1) Connect hose to 10RHR-441.  

2) Secure other end of hose to floor drain or 
other suitable container.  

e. Open 10RHR-440 (RHR SDC high point vent valve).  

f. Open 10RHR-258 (RHR shutdown cooling outer cond 
xfer isol valve).  

(Step G.1.3 continued on next page) 
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CAUTIONS 

RHR Pump Suction Relief Valves 1ORV-41A and C are set 
to lift at 115 psig.  

RHR Shutdown Cooling Safety Valve 10SV-40 is set to 
lift at 150 psig.  

g. IF annunciator 09-4-3-22 SHUTDOWN COOL SUCT HDR 
PRESS HI alarms while performing Steps G.1.3.h 
and G.1.3.i, 
THEN perform the following: 

1) Close 10RHR-259.  

2) WHEN annunciator 09-4-3-22 SHUTDOWN COOL 
SUCT HDR PRESS HI clears, crack open 
10RHR-259 to establish a small amount of 
condensate flow.  

h. Crack open 10RHR-259 (RHR shutdown cooling inner 
cond xfer isol valve) to establish a small 
amount of condensate flow.  

i. Crack open 10RHR-441.  

1 EXPA. 3.5 
j. Continue venting for at least 30 minutes.  

k. WHEN water flowing from 10RHR-441 is free 
of air, close the following valves: 

"* 10RHR-440 

"* 10RHR-441 

"* 10RHR-258 

"* 10RHR-259 

1. Disconnect hose from 10RHR-441.  

m. Lock closed the following valves: 

"* 10RHR-440 

"* 10RHR-441 

n. Install cap on 10RHR-441.
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G.1.4 Fill piping by cycling 10MOV-17 and 10MOV-18 
as follows: 

a. WHILE performing Steps G.l.4.c through G.1.4.1, 
continuously monitor RPV water level 
using multiple indications.  

NOTE: As RPV pressure is lowered, dissolved 
non-condensable gasses in the reference legs 
of RPV water level instrumentation could 
come out of solution. Industry experience 
has shown two types of observable 
indications of this phenomena: 

Alternating step increases and decreases 
in indicated RPV water level on one or 
more instruments (notching). Under 
notching conditions, the lower indicated 
level of the notch will be the most 
accurate indication of actual RPV water 
level.  

A sustained step increase in indicated 
RPV water level on one or more 
instruments. This step increase in 
indicated level could be of a significant 
magnitude and could be sustained for 
several hours.  

The reference leg backfill system is 
designed to eliminate this problem.  

b. IF an indication of non-condensable gases coming 
out of solution in reference legs is observed 
while cycling IOMOV-17 or 10MOV-18, 
THEN perform the following: 

1) Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

2) Notify Shift Manager.  

c. Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT IOMOV-18 

"• SHUTDOWN CLG SUCT 10MOV-17 

(Step G.1.4 continued on next page)
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G.I.4 (Cont) 

d. Open and time SHUTDOWN CLG SUCT 10MOV-18.  

e. Subtract 10 seconds from 10MOV-18 opening time.  
Use this time to mark the opening of 10MOV-17 in 
Step G.1.4.g.  

f. Place control switch for SHUTDOWN CLG SUCT 
10MOV-18 to CLOSE and start stopwatch.  

g. WHEN the time calculated in Step G.1.4.e is 
reached, open and time SHUTDOWN CLG SUCT 
10MOV-17.  

h. Subtract 10 seconds from 10MOV-17 opening time.  
Use this time to mark the opening of 10MOV-18 in 
Step G.1.4.j.  

i. Place control switch for SHUTDOWN CLG SUCT 
10MOV-17 to CLOSE and start stopwatch.  

j. WHEN the time calculated in Step G.l.4.h is 
reached, open SHUTDOWN CLG SUCT 10MOV-18.

k. IF the shutdown cooling suction line is 
suspected of being partially drained, 
THEN repeat Steps G.1.4.c through G.I.4.j 
shutdown cooling line is full.

until

1. Open SHUTDOWN CLG SUCT 10MOV-17.  
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G.2 RER Loop A Flush 

G.2.1 IF RHR Loop A condensate transfer keep-full is in 
service, 
THEN close 10RHR-274 (RHR loop A containment spray 
keep-full cond xfer connection valve).  

G.2.2 Stop RHR KEEP-FULL PMP 1OP-2A.  

G.2.3 Close the following valves: 

"* TORUS SUCT VLV 10MOV-13A 

"* TORUS SUCT VLV 10MOV-13C 

G.2.4 Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15A 

"* SHUTDOWN CLG SUCT VLV 10MOV-15C 

NOTE: Torus water level will rise when RHR Loop A is 
drained.  

G.2.5 Monitor torus water level using multiple 
indications.  

G.2.6 Open the following valves to drain RHR Loop A: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39A 

"* RHR TEST & TORUS CLG 10MOV-34A 

G.2.7 WHEN RHR Loop A has drained for at least 5 minutes, 
close the following valves: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39A 

"* RHR TEST & TORUS CLG 10MOV-34A 

G.2.8 Throttle open 1ORHR-274 (RHR loop A containment 
spray keep-full cond xfer connection valve).  

G.2.9 Verify pressure on RHR HDR PRESS LOOP A 
10PI-120A returns to approximately 150 psig.  

G.2.10 Direct RES Chemistry to perform the following: 

a. Commence sampling RHR Loop A water.  

b. Notify Shift Manager when RHR Loop A water 
conductivity is LESS THAN 3.0 pmho/cm2.  
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G.2.11 Open RHR pump discharge drain valve for the RHR 
pump that is to be used for shutdown cooling: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3A 1ORHR-250A 

1OP-3C 10RHR-250C 

G.2.12 Direct radwaste operator to perform the following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.2.13 Open RHR DISCH TO RADW 10MOV-67.  

G.2.14 WHILE performing Step G.2.15, 
maintain RHR Loop A pressure GREATER THAN 
50 psig on RHR HDR PRESS LOOP A 10PI-120A.  

G.2.15 Throttle open RHR DISCH TO RADW 10MOV-57.  

G.2.16 Close HX A BYP VLV 10MOV-66A.  

G.2.17 WHEN RES Chemistry reports water conductivity is 
acceptable, continue at next step.  

G.2.18 Ensure closed the following valves: 

"* RHR DISCH TO RADW 10MOV-67 

"* RHR DISCH TO RADW 10MOV-57 

"• 10RHR-250A (RHR pump A disch drain valve) 

"* 10RHR-250C (RHR pump C disch drain valve) 

G.2.19 Open HX A BYP VLV 10MOV-66A.  

G.2.20 Ensure RHR Loop A keep-full level alarms are clear.
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G.3 R!R Loop B Flush 

G.3.1 IF RHR Loop B condensate transfer keep-full is in 
service, 
THEN close 10RHR-260 (RHR loop B reactor head spray 
keep-full 1OPCV-266 bypass valve).  

G.3.2 Stop RHR KEEP-FULL PMP 1OP-2B.  

G.3.3 Close the following valves: 

"* TORUS SUCT VLV 10MOV-13B 

"* TORUS SUCT VLV 10MOV-13D 

G.3.4 Ensure closed the following valves: 

"* SHUTDOWN CLG SUCT VLV 10MOV-15B 

"* SHUTDOWN CLG SUCT VLV 10MOV-15D 

NOTE: Torus water level will rise when RHR Loop B is 
drained.  

G.3.5 Monitor torus water level using multiple 
indications.  

G.3.6 Open the following valves to drain RHR Loop B: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39B 

"* RHR TEST & TORUS CLG 10MOV-34B 

G.3.7 WHEN RHR Loop B has drained for at least 5 minutes, 
close the following valves: 

"* RHR TEST TORUS CLG & SPRAY 10MOV-39B 

"* RHR TEST & TORUS CLG 10MOV-34B 

G.3.8 Throttle open 10RHR-260 (RHR loop B reactor head 
spray keep-full 1OPCV-266 bypass valve)..  

G.3.9 Verify pressure on RHR HDR PRESS LOOP B 
10PI-120B returns to approximately 150 psig.  

G.3.10 Direct RES Chemistry to perform the following: 

a. Commence sampling RHR Loop B water.  

b. Notify Shift Manager when RHR Loop B water 
conductivity is LESS THAN 3.0 pmho/cm2.
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G.3.11 Open RHR pump discharge drain valve for the RHR 
pump that is to be used for shutdown cooling: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3B 10RHR-250B 

1OP-3D 10RHR-250D 

G.3.12 Direct radwaste operator to perform the following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.3.13 Throttle open 10RHR-253 (RHR pumps B & D disch 
drains to equip sump isol valve) to accomplish both 
of the following: 

* Control flow to reactor building equipment drain 
discharge header.  

* Maintain RHR Loop B pressure GREATER THAN 
50 psig on RHR HDR PRESS LOOP B 10PI-120B.  

G.3.14 Close HX B BYP VLV 10MOV-66B.  

G.3.15 WHEN RES Chemistry reports water conductivity is 
acceptable, continue at next step.  

G.3.16 Ensure closed the following valves: 

"* 10RHR-253 (RHR pumps B & D disch drains to equip 
sump isol valve) 

"* 10RHR-250B (RHR pump B disch drain valve) 

"* 10RHR-250D (RHR pump D disch drain valve) 

G.3.17 Open HX B BYP VLV 10MOV-66B.  

G.3.18 Ensure RHR Loop B keep-full level alarms are clear.
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G.4 Pumping Reactor Coolant to Reactor Building Equipment Drain 
Discharge Header With RHR Loop A in Shutdown Cooling 

G.4.1 IF reactor coolant will be pumped to the reactor 
building equipment drain discharge header for 
GREATER THAN one shift, 
THEN special condition tag the following control 
switches to indicate that RHR Pump Discharge Drain 
Valves 10RHR-250A and 10RHR-250C shall be verified 
closed before re-opening 10MOV-17 or 10MOV-18 
following a shutdown cooling isolation: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"• SHUTDOWN CLG SUCT 10MOV-17 

G.4.2 IF water is to be pumped to a radwaste storage 
tank, 
THEN direct radwaste operator to perform the 
following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.4.3 IF water is to be pumped to the main condenser 
hotwell, 
THEN perform the following: 

a. Notify RES Radiation Protection.  

b. Ensure main condenser vacuum is approximately 
zero inches Hg (atmospheric pressure).  

c. Close 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

d. Open 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

G.4.4 Open the RHR pump discharge drain valve: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3A 10RHR-250A 

1OP-3C 10RHR-250C 
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G.4.5 Open RHR DISCH TO RADW 10MOV-67.  

G.4.6 Throttle RHR DISCH TO RADW 10MOV-57 to control flow 
to reactor building equipment drain discharge 
header.  

G.4.7 WHILE pumping reactor coolant, perform the 
following: 

a. Monitor RPV water level using multiple 
indications.  

NOTE: As RPV pressure is lowered, dissolved 
non-condensable gasses in the reference legs 
of RPV water level instrumentation could 
come out of solution. Industry experience 
has shown two types of observable 
indications of this phenomena: 

" Alternating step increases and decreases 
in indicated RPV water level on one or 
more instruments (notching). Under 
notching conditions, the lower indicated 
level of the notch will be the most 
accurate indication of actual RPV water 
level.  

" A sustained step increase in indicated 
RPV water level on one or more 
instruments. This step increase in 
indicated level could be of a significant 
magnitude and could be sustained for 
several hours.  

The reference leg backfill system is 
designed to eliminate this problem.  

b. IF an indication of non-condensable gases coming 
out of solution in reference legs is observed, 
THEN perform the following: 

1) Close the following valves: 

"* RHR DISCH TO RADW 10MOV-57 

"* RHR DISCH TO RADW IOMOV-67 

2) Notify Shift Manager.  

G.4.8 WHEN desired RPV water level is reached, 
close RHR DISCH TO RADW 10MOV-57.  

G.4.9 Close RHR DISCH TO RADW 10MOV-67.  
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G.4.10 Close RHR pump discharge drain valve for the RHR 
pump that was used to pump reactor coolant: 

RHR Pump RHR Pump Discharge Drain Valve 

10P-3A 10RHR-250A 

10P-3C 10RHR-250C 

G.4.11 IF the reactor building equipment drain discharge 
header was lined up to main condenser hotwell, 
THEN perform the following: 

a. Close 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

b. Open 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

G.4.12 IF 10MOV-17 and 1OMOV-18 control switches were 
special condition tagged per Step G.4.1, 
THEN release special condition tags.  
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G.5 Pumping Reactor Coolant to Reactor Building Equipment Drain 
Discharge Header With RHR Loop B in Shutdown Cooling 

G.5.1 IF reactor coolant will be pumped to the reactor 
building equipment drain discharge header for 
GREATER THAN one shift, 
THEN special condition tag the following control 
switches to indicate that RHR Pump Discharge Drain 
Valves 10RHR-250B and 10RHR-250D shall be verified 
closed before re-opening 10MOV-17 or 10MOV-18 
following a shutdown cooling isolation: 

"* SHUTDOWN CLG SUCT 10MOV-18 

"* SHUTDOWN CLG SUCT 10MOV-17 

G.5.2 IF water is to be pumped to a radwaste storage 
tank, 
THEN direct radwaste operator to perform the 
following: 

a. Ensure lineup from reactor building equipment 
drain discharge header to desired radwaste 
storage tank is correct.  

b. Ensure sufficient radwaste storage tank volume 
is available.  

G.5.3 IF water is to be pumped to main condenser hotwell, 
THEN perform the following: 

a. Notify RES Radiation Protection.  

b. Ensure main condenser vacuum is approximately 
zero inches Hg (atmospheric pressure).  

c. Close 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

d. Open 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

G.5.4 Open the RHR pump discharge drain valve: 

RHR Pump RHR Pump Discharge Drain Valve 

1OP-3B 10RHR-250B 

1OP-3D 10RHR-250D 

G.5.5 Throttle open 10RHR-253 (RHR pumps B & D disch 
drains to equip sump isol valve) to control flow to 
reactor building equipment drain discharge header.
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G.5.6 WHILE pumping reactor coolant, perform the 
following: 

a. Monitor RPV water level using multiple 
indications.  

NOTE: As RPV pressure is lowered, dissolved 
non-condensable gasses in the reference legs 
of RPV water level instrumentation could 
come out of solution. Industry experience 
has shown two types of observable 
indications of this phenomena: 

" Alternating step increases and decreases 
in indicated RPV water level on one or 
more instruments (notching). Under 
notching conditions, the lower indicated 
level of the notch will be the most 
accurate indication of actual RPV water 
level.  

" A sustained step increase in indicated 
RPV water level on one or more 
instruments. This step increase in 
indicated level could be of a significant 
magnitude and could be sustained for 
several hours.  

The reference leg backfill system is 
designed to eliminate this problem.  

b. IF an indication of non-condensable gases coming 
out of solution in reference legs is observed, 
THEN perform the following: 

1) Ensure closed the following valves: 

"* 10RHR-253 (RHR pumps B & D disch drains 
to equip sump isol valve) 

"* 10RHR-250B (RHR pump B discharge drain 
valve) 

"* 10RHR-250D (RHR pump D discharge drain 
valve) 

2) Notify Shift Manager.  

G.5.7 WHEN desired RPV water level is reached, 
close 10RHR-253.  
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G.5.8 Close the RHR pump discharge drain valve: 

RHR Pump RHR Pump Discharge Drain Valve 

RHR Pump B 10RHR-250B 

RHR Pump D 10RHR-250D 

G.5.9 IF the reactor building equipment drain discharge 
header was lined up to main condenser hotwell, 
THEN perform the following: 

a. Close 20RDW-101D (reactor building equipment 
drainage to condenser hotwell isol valve).  

b. Open 20RDW-101C (reactor building equipment 
drainage to waste collector isol valve).  

G.5.10 IF 10MOV-17 and 10MOV-18 control switches were 
special condition tagged per Step G.5.1, 
THEN release special condition tags.
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G.6 Responding to RHR Loop A Pump Motor Winding High Temperature 
Alarm While in Shutdown Cooling Mode 

G.6.1 WHILE performing this subsection, monitor RHR pump 
motor winding temperature on the associated EPIC 
point:

RHR Pump 

1OP-3A 

1OP-3C

EPIC A 

1107 

1109

G.6.2 Start each of the following crescent area unit 
cooler fans by placing the associated control 
switch to START, spring return to normal (red 
flagged) at panel 09-75: 

"* WEST CRESC CLR 66UC-22J 

"* WEST CRESC CLR 66UC-22G 

G.6.3 IF motor winding temperature reaches 302 0 F, 
THEN immediately shut down RHR Loop A per 
Subsection F.l.  

G.6.4 IF the other RHR pump in RHR Loop A is available, 
THEN shift RHR pumps per Subsection D.3.  

G.6.5 IF the other RHR pump in RHR Loop A is not 
available, 
AND RHR Loop B is available for shutdown cooling, 
THEN shift shutdown cooling loops from RHR Loop A 
to RHR Loop B per Subsection D.2.
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NOTE: Motor winding temperature indication will respond 
slowly as flow is throttled. Flow should be 
throttled slowly to allow time for temperature 
indication to respond.  

G.6.6 WHILE performing the following steps, 
do not throttle RHR Loop A flow to 
LESS THAN 7000 gpm.  

G.6.7 IF the other RHR pump in RHR Loop A is not 
available, 
AND RHR Loop B is not available for shutdown 
cooling, 
THEN throttle RHR Pump Discharge Isolation Valve 
(10RHR-45A or 10RHR-45C) until one of the following 
conditions occurs: 

" The running RHR pump motor winding temperature 
alarm clears, 

OR 

"* RHR Loop A flow lowers to 7000 gpm.  

G.6.8 IF RHR pump motor winding temperature alarm stays 
in alarm, 
AND RHR Loop A flow is 7000 gpm, 
THEN immediately shutdown RHR Loop A per 
Subsection F.1.
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G.7 Responding to RER Loop B Pump Motor Winding High Temperature 
Alarm While in Shutdown Cooling Mode 

G.7.1 WHILE performing this subsection, monitor RHR pump 
motor winding temperature on the associated EPIC 
point: 

RHR Pump EPIC A 

1OP-3B 1108 

1OP-3D 1110 

G.7.2 Start each of the following crescent area unit 
cooler fans by placing the associated control 
switch to START, spring return to normal (red 
flagged) at panel 09-75: 

"* EAST CRESC CLR 66UC-22B 

"* EAST CRESC CLR 66UC-22D 

G.7.3 IF motor winding temperature reaches 302 0 F, 
THEN immediately shut down RHR Loop B per 
Subsection F.2.  

G.7.4 IF the other RHR pump in RHR Loop B is available, 
THEN shift RHR pumps per Subsection D.4.  

G.7.5 IF the other RHR pump in RHR Loop B is not 
available, 
AND RHR Loop A is available for shutdown cooling, 
THEN shift shutdown cooling loops from RHR Loop B 
to RHR Loop A per Subsection D.l.
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NOTE: Motor winding temperature indication will respond 
slowly as flow is throttled. Flow should be 
throttled slowly to allow time for temperature 
indication to respond.  

G.7.6 WHILE performing the following steps, 
do not throttle RHR Loop B flow to 
LESS THAN 7000 gpm.  

G.7.7 IF the other RHR pump in RHR Loop B is not 
available, 
AND RHR Loop A is not available for shutdown 
cooling, 
THEN throttle RHR Pump Discharge Isolation Valve 
(10RHR-45B or 10RHR-45D) until one of the following 
conditions occurs: 

"* The running RHR pump motor winding temperature 

alarm clears, 

OR 

"* RHR Loop B flow lowers to 7000 gpm.  

G.7.8 IF RHR pump motor winding temperature alarm stays 
in alarm, 
AND RHR Loop B flow is 7000 gpm, 
THEN immediately shutdown RHR Loop B per 
Subsection F.2.
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G.8 Shutdown Cooling Operation From Outside Control Room 

CAUTION 

An extremely large drain path exists from the RPV to 
the torus if 10MOV-17, 10MOV-18, and 10MOV-15A, B, C, 
or D and the corresponding 10MOV-13A, B, C, or D are 
open at the same time.

G.8.1 Refer to Subsection D.1 for RHR Loop A or D.2 for 
RHR Loop B, substituting the following methods for 
operating valves and pumps.  

G.8.2 Align 10MOV-18 power supply as follows: 

a. Place IS-1PCIA07 (control circuit isolation 
switch for 10MOV-18) in LOCAL.  

b. Place IS-IPCIA07 (control circuit isolation 
switch for 10MOV-18) in REMOTE.  

c. Place IS-lPCIA07 (control circuit isolation 
switch for 10MOV-18) in LOCAL.  

d. Unlock DS-lPCIA07 (power disconnect switch for 
10MOV-18).  

e. Place DS-IPCIA07 (power disconnect switch for 
10MOV-18) in ON.  

G.8.3 Open or close 10MOV-18 as necessary at 71MCC-156 
(Rx Bldg 344 southwest).  

G.8.4 Operate other valves by valve handwheel.  

G.8.5 Operate RHR and RHRSW pumps at 4160V switchgear.  
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H. ATTACHMENTS 

1. REFERENCES 

2. RPV WATER LEVEL RESPONSE DUE TO RHR OR RWR PUMP STARTUP
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ATTACHMENT 1 Page 1 of 2 

REFERENCES 

1.0 Performance References 

1.1 OP-13, Residual Heat Removal System* 

1.2 OP-13C, RHR Service Water* 

1.3 OP-13E, RHR Keep-Full* 

1.4 OP-27, Recirculation System* 
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ATTACHMENT 1 Page 2 of 2 

REFERENCES 

2.0 Developmental References 

2.1 FSAR Section 4.8 

2.2 System Flow Diagrams: 

"* FM-20A Flow Diagram Residual Heat Removal Sheet 1 

"* FM-20B Flow Diagram Residual Heat Removal Sheet 2 

2.3 Nuclear Safety Evaluation JAF-SE-91-061, Replacement Of 
Control Switches For 10MOV-12A/B; Justification For LPCI 
Throttling With 10MOV-27A/B And Shutdown Cooling Throttling 
With 10MOV-12A/B and lOMOV-66A/B 

2.4 JSEM-91-082, QA Classification of 10MOV-57 and 10MOV-67 

2.5 POT-10M, RHR Shutdown Cooling Throttling Valve Pre-op Test 

2.6 POT-10P, RHR Shutdown Cooling Valve Throttling 

2.7 Evaluation Of 10MOV-16A/B As Normally Open Valve 

2.8 JAF-CALC-ELEC-00589, Rev 0, Removal of LPCI Inverters From 
EQ Program 

2.9 Critique JOPS-CRT-93-011, RHR shutdown cooling was secured 
prior to reaching a reactor coolant temperature of < 140OF 
which precluded a timely RWR System startup.  

2.10 Modification M1-93-035, Reroute 02PS-128A Sensing Line, 
WR#097734 

2.11 SEN 171, Inadvertent Reactor Coolant Heatup and Mode Change 
While Realigning Shutdown Cooling 

2.12 Modification M1-97-021, Install High Point Vent in SDC 
Header 
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ATTACHMENT 2 Page 1 of 1 

RPV WATER LEVEL RESPONSE DUE TO RHR OR RWR PUMP STARTUP

INIMA UEACTOR WATER LEMEL QCI ES) 
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ALTERNATE DEPRESSURIZATION USING SRVs FROM 02ADS-71* EP-II

REVISION SUMMARY SHEET

CHANGE AND REASON FOR CHANGE 

New procedure to provide instructions for 
depressurizing the RPV by operating SRVs from ADS 
Relief Valve Control Panel 02ADS-71. This 
procedure is used when directed by EOPs or SAOGs.
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ALTERNATE DEPRESSURIZATION USING SRVs FROM 02ADS-71*

ICOM7.1. 1 
1.0 PURPOSE 

To provide instructions for depressurizing the RPV by 
operating SRVs from ADS Relief Valve Control Panel 02ADS-71.  
This procedure is used when directed by EOPs or SAOGs.  

2.0 PRECAUTIONS 

Torus water level shall be greater than or equal to 5.5 feet 
to open an SRV. Opening an SRV with torus water level less 
than 5.5 feet will cause direct pressurization of the 
containment and possible containment damage.  

3.0 PREREQUISITES 

Performance of this procedure has been directed by the 
EOPs or SAOGs.  

4.0 SPECIAL INSTRUCTIONS 

4.1 Tools and materials for this procedure are located in the 
equipment cabinets near Remote Shutdown Panel 25RSP and 
panel 02ADS-71.  

4.2 Notify RES Radiation Protection before entering the 
Reactor Building due to potentially changing radiological 
conditions.
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(z)

5.1.1 Establish communication between the 
Control Room and ADS RELIEF VALVE CONTROL 
PANEL 02ADS-71.  
Verify the following control switches are 

in SOL DEENG at panel 02ADS-071: 

" ADS & SRV 02RV-71C ...... ..........  

" SRV 02RV-71F ........ .............  

" SRV 02RV-71J ........ .............  

SRV 02RV-71L ........ .............  

" ADS & SRV 02RV-71B ...... ..........  

" ADS & SRV 02RV-71E ...... ..........  

" ADS & SRV 02RV-71H ...... ..........  

" SRV 02RV-71K ...... ..............  

" ADS & SRV 02RV-71A ...... ..........  

" ADS & SRV 02RV-71D ...... ..........  

" ADS & SRV 02RV-71G ...... ..........  

Place CONTROL POWER breaker in ON 
at panel 02ADS-071.  

Verify in the control room annunciator 
09-4-3-3 ADS REMOTE CNTRL PNL BKR CLOSED 
is in alarm.
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ALTERNATE DEPRESSURIZATION USING SRVs FROM 02ADS-71*

5.1.5 WHILE performing Step 5.1.7, monitor 
the following to verify SRV operation: 

"* Annunciator 09-4-2-6 SRV SONIC MON ALARM HI ( 

"* ADS & SRV ACOUSTIC MONITOR 02VMR-071 
at panel 09-4 _ 

"* White light at SRV control switch 
at panel 09-4 _ 

"* Red SOL ENGD and green SOL DEENG lights 
at panel 02ADS-71 _ 

5.1.6 IF torus water level is LESS THAN 5.5 feet, 

THEN perform the following: 

A. Notify SM or CRS that SRVs cannot be opened. _ 

B. Restore Panel 02ADS-71 per Subsection 5.2. _ 

5.1.7 Place one or more of the following control 
switches in SOL ENGD at panel 02ADS-71, as 
necessary to establish seven SRVs open: 

ADS & SRV 02RV-71C ...... ................ ) 

* SRV 02RV-71F .......... ................. (. ) 

* SRV 02RV-71J .......... ................. (. ) 

* SRV 02RV-71L .......... ................... ) 

* ADS & SRV 02RV-71B .......... ............. _ 

* ADS & SRV 02RV-71E .......... ............. _ 

* ADS & SRV 02RV-71H .......... ............. (_ 

* SRV 02RV-71K ............ ................ (_ 

* ADS & SRV 02RV-71A .......... ............. () 

* ADS & SRV 02RV-71D .......... ............. () 

* ADS & SRV 02RV-71G .......... ............. ()
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ALTERNATE DEPRESSURIZATION USING SRVs FROM 02ADS-71*

5.1.8 IF the total number of open SRVs is 
GREATER THAN OR EQUAL TO five, 
THEN notify the SM or CRS of the following: 

"* Number of open SRVs 

" Use of other group 2 depressurization 
systems is not required.  

" IF RPV Flooding is in progress, 
THEN the following valves are 
required to be closed: 

- MSIVs 
- Main steam line drains 
- RCIC steam isolation valves 
- HPCI steam isolation valves 
- Steam supply to RHR heat exchangers ( _) 

5.1.9 IF any SRV was opened from panel 02ADS-71, 
THEN perform the following: 

( A. Close and lock panel door. _ 

B. Notify Control Room. _ 

C. Do not perform Subsection 5.2 until 
directed by the SM or CRS. (_ 

5.1.10 IF no SRV was opened from panel 02ADS-71, 
THEN restore Panel 02ADS-71 per Subsection 5.2. (_)
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ALTERNATE DEPRESSURIZATION USING SRVs FROM 02ADS-71*

5.2 Panel 02ADS-71 SRV Restoration 

5.2.1 Ensure each of the following control switches 
is in SOL DEENG with green light on and red 
light off at panel 02ADS-071:

" ADS & SRV 02RV-71C . . .  

" SRV 02RV-71F .........  

" SRV 02RV-71J .........  

" SRV 02RV-71L.......  

" ADS & SRV 02RV-71B . . .  

" ADS & SRV 02RV-71E . . .  

"* ADS & SRV 02RV-71H 

" SRV 02RV-71K.......  

"• ADS & SRV 02RV-71A 

"* ADS & SRV 02RV-71D 

* ADS & SRV 02RV-71G 

Place CONTROL POWER breaker 
at panel 02ADS-071.

in OFF

Verify annunciator 09-4-3-3 ADS REMOTE 
CNTRL PNL BKR CLOSED is clear.  

Close and lock door at panel 02ADS-71.  

Return equipment to cabinets near Remo 
Shutdown Panel 25RSP.  

Licensed Operator verify completion 
of Steps 5.2.1 through 5.2.5.

S. .. . . ( _ ) 
S. .. . ( ) 

S. .. . ( ) 

S. .. . . ( _ ) 

S. .. . ( ) 

S. .. . . ( _ ) 

S. .. . . _ ) 

S. .. . . C ) 

( ) 

( ) 

(C) 

te 
(C)

Signature / Date
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6.0 REFERENCES 

6.1 Performance References 

None 

6.2 Developmental References 

6.2.1 OP-68, Automatic Depressurization Syst-em* 

6.2.2 ST-22B, Manual Safety Relief Valve Operation and 

Valve Monitoring System Functional Test (IST)* 

7.0 REQUIREMENT.  

7.1 Commitments 

7.1.1 NRCI-94-03, JAFP-94-0175, ACTS Item 10946.  

Created EOP Support Procedures (EPs) 

7.2 Validation 

Revision 0 validated per AP-02.02.  

8.0 ATTACHMENTS 

None 

L
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RHR - STEAM CONDENSING*

REVISION SUMMARY SHEET 

REV. NO. CHANGE AND REASON FOR CHANGE 

4 Revised procedure to reflect Design Change 
JD-99-099 and Safety Evaluation JAF-SE-99-014.  
These documents implement administrative controls 
that prohibit use of the steam condensing mode 
unless directed by the EOPs. These documents also 
allow re-installation of the motor heaters for the 
subject valves. Changes consist of deleting steps 
for installation and removal of motor heaters, 
updating Commitment A.2.1 and adding references.  
(PCR #2 dated 7/21/99) 

Updated description for 13A-DS67 in Steps D.l.8.c 
and D.2.8.c to match panel labels. (EC dated 
7/26/99) 
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RHR - STEAM CONDENSING* OP-13G 

A. REQUIREMENTS 

A.1 Technical Specifications 

Sections 3.5.A, 3.5.B, 3.5.F, and 3.5.G 

A.2 Commitments 

A.2.1 JD-99-099, JAF-SE-99-014, Deselection of 
10MOV-21A&B from the JAF GL 89-10 Program.  
Deselecting valves from GL 89-10 program requires 
that 10MOV-21A & B can only be open when directed 
by EOPs or when Primary Containment is not 
required. Added precaution, steps, and commitments 
to alert operators.  

A.3 Validation 

Procedure developed from OP-13, Revision 74, which was 
validated per ODSO-35.  

B. SYSTEM DESCRIPTION 

Refer to Section B of OP-13.  

C. PLANT OPERATING REQUIREMENTS 

C.1 Prerequisites 

RHR System valves, power supplies, and support systems are 
lined up per OP-13, with exceptions approved by Shift 
Manager.  

C.2 Precautions 

I COMA. 2.1 
C.2.1 1OMOV-21A and 10MOV-21B shall only be opened when 

directed by EOPs or when primary containment is not 
required.  

C.2.2 RES Radiation Protection shall be notified before: 

"* RHR System piping is drained 

"* RHR System is started up in any mode of 
operation, unless an emergency exists

Page 4 of 25
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RHR - STEAM CONDENSING* OP-13G 

D. STARTUP 

NOTE: Subsections D.1 and D.2 are independent procedures and may 
be performed in any order, provided steps within each 
subsection are performed in the order written.  

TABLE OF CONTENTS 

SUBSECTION PAGE 

D.1 RHR Loop A Reactor Isolation (Steam Condensing Mode) 
Startup ...................... ....................... 6 

D.2 RHR Loop B Reactor Isolation (Steam Condensing Mode) 
Startup ................. ....................... 12
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RHR - STEAM CONDENSING*

NOTE: Only one RHR loop may be placed in the steam condensing 
mode to permit operating the other RHR loop in the torus 
cooling mode to support RCIC and SRV operation.  

CAUTION 

Subsection D.1 shall only be used when directed by 
EOPs.  

D.1 RHR Loop A Reactor Isolation (Steam Condensing Mode) Startup 

I COMA. 2.1 
D.1.1 Verify EOPs have directed entry into Steam 

Condensing Mode.  

D.1.2 Close circuit breaker 71MCC-151-OE2(CB) (10MOV-70A 
RHR heat exchanger A steam inlet isol valve).  

D.1.3 Ensure the following controllers are in MAN with 

minimum output signal: 

"* RHR HX A PRESS CNTRL 10PIC-137A 

"* RHR HX A LVL CNTRL 10LIC-135A 

D.1.4 Place 10PIC-147 RCIC SUCT PRESS CNTRL in AUTO with 
setpoint at 75 psig.  

D.1.5 Verify closed HX A DRN TO RCIC 10MOV-36A.  

D.1.6 Verify RCIC FLOW MODE SEL switch is in RCIC FLOW.  

D.1.7 Verify STM COND VLV CNTRL 1OPCV-69A & 10AOV-71A 
1OA-S41A switch is in CLOSE.  

NOTE: RCIC TEST SPEED ADJUST potentiometer will not 
function if RCIC has a sealed-in auto-initiation 
signal.  

D.1.8 IF RCIC has auto-initiated, 
THEN reset RCIC initiation logic as follows: 

a. Verify RPV water level is GREATER THAN 

126.5 inches.  

b. Depress INITIATION SIG RESET 13A-S18 pushbutton.  

c. Verify white INITIATION SIGNAL 13A-DS67 light is 
off.
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RHR - STEAM CONDENSING* OP-13G 

D.1.9 Ensure RCIC is in RPV pressure control mode per 
OP-19.  

CAUTION 

Operating RCIC at less than 2200 rpm could result in 
improper oil system operation and insufficient exhaust 
flow resulting in check valve banging or steam flow 
reversals.  

D.1.10 IF RCIC FLOW CNTRL 13FIC-91 is in AUTO, 
THEN transfer RCIC flow control to test 
potentiometer as follows: 

a. Ensure TEST SPEED ADJUST potentiometer is fully 

counterclockwise.  

b. Place TURB TEST 13A-$20 switch in TURB TEST.  

c. Place TEST PWR 13A-$21 switch in ON.  

d. Verify TEST PWR ON 13A-DS56 light is on.  

e. Control RCIC discharge flow with TEST SPEED 
ADJUST potentiometer.  

D.1.11 Close HX A OUTLET VLV 10MOV-12A.  

D.1.12 Close HX A INLET VLV 10MOV-65A.  

D.1.13 Open HX A DRN TO TORUS 10MOV-21A.  

D.I.14 Open HX A INBD VENT VLV 10MOV-166A.  

D.1.15 Open HX A OUTBD VENT VLV 10MOV-167A.
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RHR - STEAM CONDENSING*

D.1.16 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-134 IOLS-105A 

NOTE: Both RHRSW pumps are required to be running 
for maximum cooling.  

b. Ensure at least one of the following RHRSW pumps 

is running: 

"* RHRSW PMP 10P-lA 

"* RHRSW PMP 10P-IC 

c. Throttle RHRSW DISCH VLV FROM HX A 10MOV-89A to 
establish 2500 to 4000 gpm per RHRSW pump.  

D.1.17 Place STM COND VLV CNTRL 1OPCV-69A & 10AOV-71A 
switch in OPEN.  

D.1.18 Verify open the following valves: 

"* INBD STM SUPP VLV 23MOV-15 

"* OUTBD STM SUPP VLV 23MOV-16 

D.1.19 Open RHR HX A STM INLET VLV 10MOV-70A.  

No. 4 Page 8 of 25Rev.
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RHR - STEAM CONDENSING*

D.1.20 Lower RHR Heat Exchanger A water level to 
LESS THAN OR EQUAL TO 80% as follows: 

a. Adjust RHR HX A PRESS CNTRL 10PIC-137A manual 
control knob to slowly pressurize RHR Heat 
Exchanger A to LESS THAN 50 psig on 10PI-137A.  

b. WHEN RHR Heat Exchanger A pressure is LESS THAN 
50 psig on 10PI-137A, adjust RHR HX A PRESS 
CNTRL 10PIC-137A manual control knob until 
output signal is zero%.  

c. Adjust RHR HX A LVL CNTRL 10LIC-135A manual 
control knob until output signal is 100%.  

d. Verify open RHR HX A DISCH TO TORUS OR RCIC 
10AOV-71A.  

e. WHEN RHR Heat Exchanger A water level is 
LESS THAN OR EQUAL TO 80%, place RHR HX A LVL 
CNTRL 10LIC-135A in automatic as follows: 

1) Balance RHR HX A LVL CNTRL 10LIC-135A.  

2) Place RHR HX A LVL CNTRL 10LIC-135A in AUTO.  

D.1.21 Throttle HX A INBD VENT VLV 10MOV-166A to 10% open.  

D.1.22 Adjust RHR HX A PRESS CNTRL 10PIC-137A manual 
control knob to slowly pressurize RHR Heat 
Exchanger A to LESS THAN 50 psig on 10PI-137A.  

D.1.23 IF severe hammering of system components is heard, 
THEN isolate steam as follows: 

a. Place STM COND VLV CNTRL 1OPCV-69A & 10AOV-71A 

switch in CLOSE.  

b. Close RHR HX A STM INLET VLV 10MOV-70A.  

c. Investigate hammering before reopening steam 
valves.  

No. 4 Page 9 of 25
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RHR - STEAM CONDENSING* OP-13G

D.1.24 Place RHR HX A PRESS CNTRL 10PIC-137A in automatic 
as follows: 

a. Balance RHR HX A PRESS CNTRL 10PIC-137A.  

b. Place RHR HX A PRESS CNTRL 10PIC-137A in AUTO.  

D.1.25 Slowly raise RHR HX A PRESS CNTRL 10PIC-137A 
setpoint to 200 psig.  

D.1.26 WHILE performing Steps D.1.28 through D.1.32, 
monitor heat exchanger pressure on 10PI-137A.  

D.1.27 Slowly lower RHR HX A LVL CNTRL 10LIC-135A setpoint 
to establish desired heat transfer rate.  

D.1.28 Monitor RHR Heat Exchanger A RHRSW differential 
temperature on EPIC display TTC.  

CAUTION 

Exceeding specified heat transfer rate limits could 
damage heat exchanger.  

D.1.29 With RHRSW flow at 8000 gpm, control RHR Heat 
Exchanger A RHRSW differential temperature within 
the following limits: 

a. IF pressure is 200 psig on 10PI-137A, 
THEN maintain differential temperature 
LESS THAN OR EQUAL TO 26.8 0 F.  

b. IF pressure is LESS THAN 200 psig on 10PI-137A, 
THEN maintain differential temperature LESS THAN 
OR EQUAL TO 20.1-F.  
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RHR - STEAM CONDENSING* OP-13G 

NOTE: If condensate from RHR heat exchanger is to be 
returned to the RPV, RCIC turbine speed should be 
used to control RHR heat exchanger level.  

D.1.30 IF RHR heat exchanger condensate is to be returned 
to the RPV using RCIC, 
THEN perform the following: 

NOTE: Acceptable water quality is normally reached 
within the first 30 minutes of operation.  

a. Verify RHR Heat Exchanger A shell side water 
conductivity is LESS THAN 3pmho/cm2 on 
10CIS-95A, in West Crescent 242' 

CAUTIONS 

Maximum rated RCIC suction pressure is 75 psig.  

Maximum rated RCIC suction temperature is 140 0 F.  

b. Open HX A DRN TO RCIC 10MOV-36A.  

c. Close HX A DRN TO TORUS 10MOV-21A.  

d. Adjust RCIC turbine speed using TEST SPEED 
ADJUST potentiometer to maintain desired heat 
exchanger level and heat transfer rate.  

D.1.31 Establish heat exchanger level control using RCIC 
as follows: 

a. Place RCIC FLOW MODE SEL switch in HX-A.  

b. Adjust RCIC TEST SPEED ADJUST potentiometer to 
balance signal on RHR HX A LVL CNTRL 10LIC-135A.  

c. WHEN RHR HX A LVL CNTRL 10LIC-135A is balanced, 
place TURB TEST 13A-S20 switch in NORMAL.  

d. Verify RCIC SUCT PRESS CNTRL 10PIC-147 is 
controlling RCIC suction pressure at 
approximately 75 psig.  

Rev. No. 4 Page 11 of 25



RHR - STEAM CONDENSING*

NOTE: Only one RHR loop may be placed in the steam condensing 
mode to permit operating the other RHR loop in the torus 
cooling mode to support RCIC and SRV operation.

D.2 RHR Loop B Reactor Isolation (Steam Condensing Mode) Startup

I COMA. 2 .1 
D.2.1 Verify EOPs have directed entry into Steam 

Condensing Mode.  

D.2.2 Close the following circuit breakers: 

"* 71MCC-161-OA2(CB) (10MOV-70B RHR heat exchanger 
B steam inlet isol valve) 

"* 71MCC-163-OG2(CB) (10MOV-36B RHR heat exchanger 
B return to RCIC isol valve) 

D.2.3 Ensure the following controllers are in MAN with 
minimum output signal: 

"* RHR HX B PRESS CNTRL 10PIC-137B 

"* RHR HX B LVL CNTRL 10LIC-135B 

D.2.4 Place 10PIC-147 RCIC SUCT PRESS CNTRL in AUTO with 
setpoint at 75 psig.  

D.2.5 Verify closed HX B DRN TO RCIC 10MOV-36B.  

D.2.6 Verify RCIC FLOW MODE SEL switch is in RCIC FLOW.  

D.2.7 Verify STM COND VLV CNTRL IOPCV-69B & 10AOV-71B 
1OA-S41B switch is in CLOSE.  

No. 4 Page 12 of 25
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RHR - STEAM CONDENSING* OP-13G 

NOTE: RCIC TEST SPEED ADJUST potentiometer will not 
function if RCIC has a sealed-in auto-initiation 
signal.  

D.2.8 IF RCIC has auto-initiated, 
THEN reset RCIC initiation logic as follows: 

a. Verify RPV water level is GREATER THAN 
126.5 inches.  

b. Depress INITIATION SIG RESET 13A-S18 pushbutton.  

c. Verify white INITIATION SIGNAL 13A-DS67 light is 
off.  

D.2.9 Ensure RCIC is in RPV pressure control mode per 
OP-19.  

CAUTION 

Operating RCIC at less than 2200 rpm could result in 
improper oil system operation and insufficient exhaust 
flow resulting in check valve banging or steam flow 
reversals.  

D.2.10 IF RCIC FLOW CNTRL 13FIC-91 is in AUTO, 
THEN transfer RCIC flow control to test 
potentiometer as follows: 

a. Ensure TEST SPEED ADJUST potentiometer is fully 

counterclockwise.  

b. Place TURB TEST 13A-$20 switch in TURB TEST.  

c. Place TEST PWR 13A-$21 switch in ON.  

d. Verify TEST PWR ON 13A-DS56 light is on.  

e. Control RCIC discharge flow with TEST SPEED 
ADJUST potentiometer.  

D.2.11 Close HX B OUTLET VLV 10MOV-12B.  

D.2.12 Close HX B INLET VLV 10MOV-65B.  

D.2.13 Open HX B DRN TO TORUS 10MOV-21B.  

D.2.14 Open HX B INBD VENT VLV 10MOV-166B.  

D.2.15 Open HX B OUTBD VENT VLV 10MOV-167B.  
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RHR - STEAM CONDENSING*

D.2.16 Establish RHRSW flow as follows: 

a. Verify one of the following alarms is clear: 

"* Annunciator 09-4-3-4 RHRSW A OR B DISCH LINE 
NOT FULL 

"* EPIC-D-135 1OLS-105B 

NOTE: Both RHRSW pumps are required to be running 
for maximum cooling.  

b. Ensure at least one of the following RHRSW pumps 
is running: 

* RHRSW PMP 10P-lB 

* RHRSW PMP 10P-lD 

c. Throttle RHRSW DISCH VLV FROM HX B 10MOV-89B to 
establish 2500 to 4000 gpm per RHRSW pump.  

D.2.17 Place STM COND VLV CNTRL 1OPCV-69B & 10AOV-71B 
switch in OPEN.  

D.2.18 Verify open the following valves: 

"* INBD STM SUPP VLV 23MOV-15 

"* OUTBD STM SUPP VLV 23MOV-16 

D.2.19 Open RHR HX B STM INLET VLV 10MOV-70B.  
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RHR - STEAM CONDENSING* OP-13G 

CAUTIONS 

Maximum rated RHR heat exchanger shell side 
temperature is 400 0 F.  

Maximum rated RHR heat exchanger shell side pressure 
is 450 psig.  

D.2.20 Lower RHR Heat Exchanger B water level to 
LESS THAN OR EQUAL TO 80% as follows: 

a. Adjust RHR HX B PRESS CNTRL 10PIC-137B manual 
control knob to slowly pressurize RHR Heat 
Exchanger B to LESS THAN 50 psig on 10PI-137B.  

b. WHEN RHR Heat Exchanger B pressure is LESS THAN 
50 psig on 10PI-137B, adjust RHR HX B PRESS 
CNTRL 10PIC-137B manual control knob until 
output signal is zero%.  

c. Adjust RHR HX B LVL CNTRL 10LIC-135B manual 
control knob until output signal is 100%.  

d. Verify open RHR HX B DISCH TO TORUS OR RCIC 
10AOV-71B.  

e. WHEN RHR Heat Exchanger B water level is 
LESS THAN OR EQUAL TO 80%, place RHR HX B LVL 
CNTRL 10LIC-135B in automatic as follows: 

1) Balance RHR HX B LVL CNTRL 10LIC-135B.  

2) Place RHR HX B LVL CNTRL 10LIC-135B in AUTO.  

D.2.21 Throttle HX B INBD VENT VLV 10MOV-166B to 10% open.  

D.2.22 Adjust RHR HX B PRESS CNTRL 10PIC-137B manual 
control knob to slowly pressurize RHR Heat 
Exchanger B to LESS THAN 50 psig on 10PI-137B.  

D.2.23 IF severe hammering of system components is heard, 
THEN isolate steam as follows: 

a. Place STM COND VLV CNTRL 1OPCV-69B & 10AOV-71B 

switch in CLOSE.  

b. Close RHR HX B STM INLET VLV 10MOV-70B.  

c. Investigate hammering before reopening steam 
valves.
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RHR - STEAM CONDENSING* OP-13G 

D.2.24 Place RHR HX B PRESS CNTRL 10PIC-137B in automatic 
as follows: 

a. Balance RHR HX B PRESS CNTRL 10PIC-137B.  

b. Place RHR HX B PRESS CNTRL 10PIC-137B in AUTO.  

D.2.25 Slowly raise RHR HX B PRESS CNTRL 10PIC-137B 
setpoint to 200 psig.  

D.2.26 WHILE performing Steps D.2.28 through D.2.32, 
monitor heat exchanger pressure on 10PI-137B.  

D.2.27 Slowly lower RHR HX B LVL CNTRL 10LIC-135B setpoint 
to establish desired heat transfer rate.  

D.2.28 Monitor RHR Heat Exchanger B RHRSW differential 
temperature on EPIC display TTC.  

CAUTION 

Exceeding specified heat transfer rate limits could 
damage heat exchanger.  

D.2.29 With RHRSW flow at 8000 gpm, control RHR Heat 
Exchanger B RHRSW differential temperature within 
the following limits: 

a. IF pressure is 200 psig on 10PI-137B, 
THEN maintain differential temperature 
LESS THAN OR EQUAL TO 26.8 0 F.  

b. IF pressure is LESS THAN 200 psig on 10PI-137B, 
THEN maintain differential temperature 
LESS THAN OR EQUAL TO 20.1-F.  

Rev. No. 4 Page 16 of 25



RHR - STEAM CONDENSING* OP-13G 

NOTE: If condensate from RHR heat exchanger is to be 
returned to the RPV, RCIC turbine speed should be 
used to control RHR heat exchanger level.  

D.2.30 IF RHR heat exchanger condensate is to be returned 
to the RPV using RCIC, 
THEN perform the following: 

NOTE: Acceptable water quality is normally reached 
within the first 30 minutes of operation.  

a. Verify RHR Heat Exchanger B shell side water 
conductivity is LESS THAN 3pmho/cm2 on 
10CIS-95B, in East Crescent 242'.  

CAUTIONS 

Maximum rated RCIC suction pressure is 75 psig.  

Maximum rated RCIC suction temperature is 140 0 F.  

b. Open HX B DRN TO RCIC 10MOV-36B.  

c. Close HX B DRN TO TORUS 10MOV-21B.  

d. Adjust RCIC turbine speed using TEST SPEED 
ADJUST potentiometer to maintain desired heat 
exchanger level and heat transfer rate.  

D.2.31 Establish heat exchanger level control using RCIC 
as follows: 

a. Place RCIC FLOW MODE SEL switch in HX-B.  

b. Adjust RCIC TEST SPEED ADJUST potentiometer to 
balance signal on RHR HX B LVL CNTRL 10LIC-135B.  

c. WHEN RHR HX B LVL CNTRL 10LIC-135B is balanced, 
place TURB TEST 13A-$20 switch in NORMAL.  

d. Verify RCIC SUCT PRESS CNTRL 10PIC-147 is 
controlling RCIC suction pressure at 
approximately 75 psig.
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E. NORMAL OPERATION 

Refer to Section E of OP-13.
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RHR - STEAM CONDENSING*

F. SHUTDOWN 

NOTE: Subsections F.1 and F.2 are independent procedures and 
may be performed in any order, provided steps within 
each subsection are performed in the order written.  

TABLE OF CONTENTS

SUBSECTION

F.1 RHR Loop A Steam Condensing Mode Shutdown ..........

F.2 RHR Loop B Steam Condensing Mode Shutdown .  
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RHR - STEAM CONDENSING* OP-13G 

F.1 RER Loop A Steam Condensing Mode Shutdown 

F.1.l Balance RCIC FLOW CNTRL 13FIC-91.  

F.1.2 Place RCIC FLOW MODE SEL switch in RCIC FLOW.  

F.1.3 Open HX A DRN TO TORUS 10MOV-21A.  

F.1.4 Verify 10AOV-71A (RHR heat exchanger A outlet to 
torus or RCIC isol valve) controls RHR Heat 
Exchanger A level.  

F.1.5 Close HX A DRN TO RCIC 10MOV-36A.  

F.1.6 Raise RHR Heat Exchanger A water level to 
GREATER THAN 90% by adjusting RHR HX A LVL CNTRL 
10LIC-135A setpoint to GREATER THAN 90%.  

F.1.7 Adjust RHR HX A PRESS CNTRL 10PIC-137A setpoint to 
zero psig.  

F.1.8 Close RHR HX A STM INLET VLV 10MOV-70A.  

F.1.9 Place STM COND VLV CNTRL 10PCV-69A & 10AOV-71A 
switch in CLOSE.  

F.1.10 Close HX A DRN TO TORUS 10MOV-21A.  

F.1.11 Close HX A INBD VENT VLV 10MOV-166A.  

F.1.12 Close HX A OUTBD VENT VLV 10MOV-167A.  

F.1.13 Open HX A INLET VLV 10MOV-65A.  

F.1.14 Verify open HX A BYP VLV 10MOV-66A.  

F.l.15 Open HX A INBD VENT VLV 10MOV-166A.  

F.1.16 Open HX A OUTBD VENT VLV 10MOV-167A.  

F.1.17 WHEN RHR Heat Exchanger A has vented for several 
minutes, close the following valves: 

"* HX A INBD VENT VLV 10MOV-166A 

"* HX A OUTBD VENT VLV 10MOV-167A 

F.1.18 Open HX A OUTLET VLV 10MOV-12A.
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F.1.19 IF RHRSW Loop A operation is not required, 
THEN shut down RHRSW Loop A as follows: 

a. Close RHRSW DISCH VLV FROM HX A 10MOV-89A.  

b. Ensure the following RHRSW pumps are stopped: 

0 RHRSW PMP 10P-lA 

a RHRSW PMP 10P-IC 

F.1.20 Place RHR Loop A keep-full in service per Section G 
of OP-13E.  

F.1.21 Open circuit breaker 71MCC-151-OE2(CB) (10MOV-70A 
RHR heat exchanger A steam inlet isol valve).

Page 21 of 25

I

Rev. No. 4



RHR - STEAM CONDENSING*

F.2 RHR Loop B Steam Condensing Mode Shutdown 

F.2.1 Balance RCIC FLOW CNTRL 13FIC-91.  

F.2.2 Place RCIC FLOW MODE SEL switch in RCIC FLOW.  

F.2.3 Open HX B DRN TO TORUS 10MOV-21B.  

F.2.4 Verify 10AOV-71B (RHR heat exchanger B outlet to 
torus or RCIC isol valve) controls RHR Heat 
Exchanger B level.  

F.2.5 Close HX B DRN TO RCIC 10MOV-36B.  

F.2.6 Raise RHR Heat Exchanger B water level to 
GREATER THAN 90% by adjusting RHR HX B LVL CNTRL 
10LIC-135B setpoint to GREATER THAN 90%.  

F.2.7 Adjust RHR HX B PRESS CNTRL 10PIC-137B setpoint to 
zero psig.  

F.2.8 Close RHR HX B STM INLET VLV 10MOV-70B.  

F.2.9 Place STM COND VLV CNTRL 1OPCV-69B & 10AOV-71B 
switch in CLOSE.  

F.2.10 Close HX B DRN TO TORUS 10MOV-21B.  

F.2.11 Close HX B INBD VENT VLV 10MOV-166B.  

F.2.12 Close HX B OUTBD VENT VLV 10MOV-167B.  

F.2.13 Open HX B INLET VLV 10MOV-65B.  

F.2.14 Verify open HX B BYP VLV 10MOV-66B.  

F.2.15 Open HX B INBD VENT VLV 10MOV-166B.  

F.2.16 Open HX B OUTBD VENT VLV 10MOV-167B.  

F.2.17 WHEN RHR Heat Exchanger B has vented for several 
minutes, close the following valves: 

"* HX B INBD VENT VLV 10MOV-166B 

"* HX B OUTBD VENT VLV 10MOV-167B 

F.2.18 Open HX B OUTLET VLV 10MOV-12B.
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RHR - STEAM CONDENSING*

F.2.19 IF RHRSW Loop B operation is not required, 
THEN shut down RHRSW Loop B as follows: 

a. Close RHRSW DISCH VLV FROM HX B 10MOV-89B.  

b. Ensure the following RHRSW pumps are stopped: 

"* RHRSW PMP 10P-lB 

"* RHRSW PMP 10P-ID 

F.2.20 Place RHR Loop B keep-full in service per Section G 
of OP-13E.  

F.2.21 Open the following circuit breakers: 

"* 71MCC-161-OA2(CB) (10MOV-70B RHR heat exchanger 
B steam inlet isol valve).  

"• 71MCC-163-OG2(CB) (10MOV-36B RHR heat exchanger 
B return to RCIC isol valve) 
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G. SPECIAL PROCEDURES 

None 

H. ATTACHMENTS 

1. REFERENCES 
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ATTACHMENT 1 Page 1 of 1 

REFERENCES 

1.0 Performance References 

1.1 OP-13, Residual Heat Removal System* 

1.2 OP-13E, RHR - Keep-Full* 

2.0 Developmental References 

2.1 OP-13, Revision 74, Residual Heat Removal System* 

2.2 FSAR Section 4.8 

2.3 FM-20A, FM-20B 

2.4 Modification M1-92-334, Disabling of Valves 10MOV-36B, 70A, 
70B, 15MOV-101, 102, and 103 

2.5 JAF-SE-99-014, JD-99-099, RHR - Steam Condensing
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General Electric Company

AFFIDAVIT 

I, David J. Robare, being duly sworn, depose and state as follows: 

(1) I am Technical Projects Manager, General Electric Company ("GE") and have been 
delegated the function of reviewing the information described in paragraph (2) which 
is sought to be withheld, and have been authorized to apply for its withholding.  

(2) The information sought to be withheld is contained in a proprietary GE report GE
NE-T23 -00737-01, entitled, James A. Fitzpatrick Nuclear Power Plant Higher RHR 
Service Water Temperature Analysis, Class III, dated August 1996.  

(3) In making this application for withholding of proprietary information of which it is 
the owner, GE relies upon the exemption from disclosure set forth in the Freedom of 
Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 
USC Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), 2.790(a)(4), and 
2.790(d)(1) for "trade secrets and commercial or financial information obtained from 
a person and privileged or confidential" (Exemption 4). The material for which 
exemption from disclosure is here sought is all "confidential commercial information", 
and some portions also qualify under the narrower definition of "trade secret", within 
the meanings assigned to those terms for purposes of FOIA Exemption 4 in, 
respectively, Critical Mass Energy Project v. Nuclear Regulatory Commission, 
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA, 
704F2d1280 (DC Cir. 1983).  

(4) Some examples of categories of information which fit into the definition of 
proprietary information are: 

a. Information that discloses a process, method, or apparatus, including supporting 
data and analyses, where prevention of its use by General Electric's competitors 
without license from General Electric constitutes a competitive economic 
advantage over other companies; 

b. Information which, if used by a competitor, would reduce his expenditure of 
resources or improve his competitive position in the design, manufacture, 
shipment, installation, assurance of quality, or licensing of a similar product; 

c. Information which reveals cost or price information, production capacities, 
budget levels, or commercial strategies of General Electric, its customers, or its 
suppliers;
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d. Information which reveals aspects of past, present, or future General Electric 
customer-funded development plans and programs, of potential commercial 
value to General Electric; 

e. Information which discloses patentable subject matter for which it may be 
desirable to obtain patent protection.  

The information sought to be withheld is considered to be proprietary for the reasons 
set forth in both paragraphs (4)a. and (4)b., above.  

(5) The information sought to be withheld is being submitted to NRC in confidence. The 
information is of a sort customarily held in confidence by GE, and is in fact so held.  
The information sought to be withheld has, to the best of my knowledge and belief, 
consistently been held in confidence by GE, no public disclosure has been made, and 
it is not available in public sources. All disclosures to third parties including any 
required transmittals to NRC, have been made, or must be made, pursuant to 
regulatory provisions or proprietary agreements which provide for maintenance of 
the information in confidence. Its initial designation as proprietary information, and 
the subsequent steps taken to prevent its unauthorized disclosure, are as set forth in 
paragraphs (6) and (7) following.  

(6) Initial approval of proprietary treatment of a document is made by the manager of the 
originating component, the person most likely to be acquainted with the value and 
sensitivity of the information in relation to industry knowledge. Access to such 
documents within GE is limited on a "need to know" basis.  

(7) The procedure for approval of external release of such a document typically requires 
review by the staff manager, project manager, principal scientist or other equivalent 
authority, by the manager of the cognizant marketing function (or his delegate), and 
by the Legal Operation, for technical content, competitive effect, and determination 
of the accuracy of the proprietary designation. Disclosures outside GE are limited to 
regulatory bodies, customers, and potential customers, and their agents, suppliers, 
and licensees, and others with a legitimate need for the information, and then only in 
accordance with appropriate regulatory provisions or proprietary agreements.  

(8) The information identified in paragraph (2), above, is classified as proprietary because 
it contains detailed results of analytical models, methods and processes, including 
computer codes, which GE has developed, discussed with the NRC, and applies in 
the Containment analyses for the BWR.  

The development and approval of the containment computer code was achieved at a 
significant cost, on the order of several million dollars, to GE.
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The development of the evaluation process along with the interpretation and 
application of the analytical results is derived from the extensive experience database 
that constitutes a major GE asset.  

(9) Public disclosure of the information sought to be withheld is likely to cause 
substantial harm to GE's competitive position and foreclose or reduce the availability 
of profit-making opportunities. The information is part of GE's comprehensive BWR 
safety and technology base, and its commercial value extends beyond the original 
development cost. The value of the technology base goes beyond the extensive 
physical database and analytical methodology and includes development of the 
expertise to determine and apply the appropriate evaluation process. In addition, the 
technology base includes the value derived from providing analyses done with 
NRC-approved methods.  

The research, development, engineering, analytical and NRC review costs comprise a 
substantial investment of time and money by GE.  

The precise value of the expertise to devise an evaluation process and apply the 
correct analytical methodology is difficult to quantify, but it clearly is substantial.  

GE's competitive advantage will be lost if its competitors are able to use the results of 
the GE experience to normalize or verify their own process or if they are able to 
claim an equivalent understanding by demonstrating that they can arrive at the same 
or similar conclusions.  

The value of this information to GE would be lost if the information were disclosed 
to the public. Making such information available to competitors without their having 
been required to undertake a similar expenditure of resources would unfairly provide 
competitors with a windfall, and deprive GE of the opportunity to exercise its 
competitive advantage to seek an adequate return on its large investment in 
developing these very valuable analytical tools.
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STATE OF CALIFORNIA ) 
) SS 

COUNTY OF SANTA CLARA ) 

David J. Robare, being duly sworn, deposes and says: 

That he has read the foregoing affidavit and the matters stated therein are true and correct 
to the best of his knowledge, information, and belief.  

Executed at San Jose, California, this Z& "? day of j ON 6 2000.  

David J. Robare 
General Electric Company 

Subscribed and sworn before me this ____-_ day of________ 2000.  

VIK D.i State o 

"]'cry P s - -co'"0 •Notary Pablic,-State of California S•oSanto Clam cam"1Z
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General Electric Company

AFFIDAVIT 

I, David J. Robare, being duly sworn, depose and state as follows: 

(1) I am Technical Projects Manager, General Electric Company ("GE") and have been 
delegated the function of reviewing the information described in paragraph (2) which 
is sought to be withheld, and have been authorized to apply for its withholding.  

(2) The information sought to be withheld is contained in a proprietary GE report GE
NE-187-45-1191, entitled, Fitzpatrick Power Uprate Impact Study, Engineering 
Report: Section 4.1, Containment Systems Evaluation for the James A. Fitzpatrick 
Nuclear Power Plant, dated November 1991.  

(3) In making this application for withholding of proprietary information of which it is 
the owner, GE relies upon the exemption from disclosure set forth in the Freedom of 
Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 
USC Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), 2.790(a)(4), and 
2.790(d)(1) for "trade secrets and commercial or financial information obtained from 
a person and privileged or confidential" (Exemption 4). The material for which 
exemption from disclosure is here sought is all "confidential commercial information", 
and some portions also qualify under the narrower definition of "trade secret", within 
the meanings assigned to those terms for purposes of FOIA Exemption 4 in, 
respectively, Critical Mass Energy Project v. Nuclear Regulatory Commission, 
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA, 
704F2d1280 (DC Cir. 1983).  

(4) Some examples of categories of information which fit into the definition of 
proprietary information are: 

a. Information that discloses a process, method, or apparatus, including supporting 
data and analyses, where prevention of its use by General Electric's competitors 
without license from General Electric constitutes a competitive economic 
advantage over other companies; 

b. Information which, if used by a competitor, would reduce his expenditure of 
resources or improve his competitive position in the design, manufacture, 
shipment, installation, assurance of quality, or licensing of a similar product;
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c. Information which reveals cost or price information, production capacities, 
budget levels, or commercial strategies of General Electric, its customers, or its 
suppliers; 

d. Information which reveals aspects of past, present, or future General Electric 

customer-funded development plans and programs, of potential commercial 
value to General Electric; 

e. Information which discloses patentable subject matter for which it may be 
desirable to obtain patent protection.  

The information sought to be withheld is considered to be proprietary for the reasons 
set forth in both paragraphs (4)a. and (4)b., above.  

(5) The information sought to be withheld is being submitted to NRC in confidence. The 

information is of a sort customarily held in confidence by GE, and is in fact so held.  
The information sought to be withheld has, to the best of my knowledge and belief, 
consistently been held in confidence by GE, no public disclosure has been made, and 

it is not available in public sources. All disclosures to third parties including any 
required transmittals to NRC, have been made, or must be made, pursuant to 

regulatory provisions or proprietary agreements which provide for maintenance of 

the information in confidence. Its initial designation as proprietary information, and 
the subsequent steps taken to prevent its unauthorized disclosure, are as set forth in 
paragraphs (6) and (7) following.  

(6) Initial approval of proprietary treatment of a document is made by the manager of the 

originating component, the person most likely to be acquainted with the value and 

sensitivity of the information in relation to industry knowledge. Access to such 
documents within GE is limited on a "need to know" basis.  

(7) The procedure for approval of external release of such a document typically requires 

review by the staff manager, project manager, principal scientist or other equivalent 
authority, by the manager of the cognizant marketing function (or his delegate), and 
by the Legal Operation, for technical content, competitive effect, and determination 
of the accuracy of the proprietary designation. Disclosures outside GE are limited to 
regulatory bodies, customers, and potential customers, and their agents, suppliers, 
and licensees, and others with a legitimate need for the information, and then only in 
accordance with appropriate regulatory provisions or proprietary agreements.  

(8) The information identified in paragraph (2), above, is classified as proprietary because 

it contains detailed results of analytical models, methods and processes, including 
computer codes, which GE has developed, discussed with the NRC, and applies in 
the Containment analyses for the BWR.
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The development and approval of the containment computer code was achieved at a 
significant cost, on the order of several million dollars, to GE.  

The development of the evaluation process along with the interpretation and 
application of the analytical results is derived from the extensive experience database 
that constitutes a major GE asset.  

(9) Public disclosure of the information sought to be withheld is likely to cause 
substantial harm to GE's competitive position and foreclose or reduce the availability 
of profit-making opportunities. The information is part of GE's comprehensive BWR 
safety and technology base, and its commercial value extends beyond the original 
development cost. The value of the technology base goes beyond the extensive 
physical database and analytical methodology and includes development of the 
expertise to determine and apply the appropriate evaluation process. In addition, the 
technology base includes the value derived from providing analyses done with 
NRC-approved methods.  

The research, development, engineering, analytical and NRC review costs comprise a 
substantial investment of time and money by GE.  

The precise value of the expertise to devise an evaluation process and apply the 

correct analytical methodology is difficult to quantify, but it clearly is substantial.  

GE's competitive advantage will be lost if its competitors are able to use the results of 
the GE experience to normalize or verify their own process or if they are able to 
claim an equivalent understanding by demonstrating that they can arrive at the same 
or similar conclusions.  

The value of this information to GE would be lost if the information were disclosed 
to the public. Making such information available to competitors without their having 
been required to undertake a similar expenditure of resources would unfairly provide 
competitors with a windfall, and deprive GE of the opportunity to exercise its 
competitive advantage to seek an adequate return on its large investment in 
developing these very valuable analytical tools.
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STATE OF CALIFORNIA ) 
) ss: 

COUNTY OF SANTA CLARA ) 

David J. Robare, being duly sworn, deposes and says: 

That he has read the foregoing affidavit and the matters stated therein are true and correct 
to the best of his knowledge, information, and belief 

Executed at San Jose, California, this Z-9 TH day of WJL • 2000.

David J. Robare 
General Electric Company

Subscribed and sworn before me this 2-9_4 day of , . 2000.

ridVICKY 0. ICROM 
Corminhion # 1,2242511 

Notary, PubIc -Caffxyio i 
Santa Clara County

Notary PubliC, State of California
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