EE 554 PROJECT ASSIGNMENT, SPRING 2003, DR. MCCALLEY
Due: May 1, 2003
Your assignment is to perform an operating study for the Diablo Canyon Nuclear Power Plant using the power flow and stability data provided to you by the instructor. The objective of the study is to determine the safe operating limits for the plant, in terms of MW output power, under the NERC disturbance class B given in the NERC Planning Standards. You may assume that this criterion is condensed to “the system must perform satisfactorily for a three-phase fault at the machine terminals followed by loss of a single circuit.” To perform satisfactorily, the machine must be stable and no first-swing transient voltage dip can fall below 0.75 per-unit.

There are three 500 kV lines emanating from the plant under “normal” conditions. You are to develop the MW operating limits for a “weakened” condition whereby one line is out on maintenance. Since two of the lines are identical, this means that you must develop two different operating limits (with lines A, B, C, and A and B identical, you must identify (1) the operating limit with A out and (2) the operating limit with C out.
I expect that everyone will use the PTI software PSS/E. I do not object if you want to use something else, but I will not be very able to help you with program issues if you do use something else. On-campus students have access to PSS/E version 27.0 in the Jack London lab. The basic commands to access the needed software in that lab are (you may need to perform csh first on the unix machines):

- psslf4 (to get the power flow program)

- pssds4 (to get the time domain simulator)

- pssplot (to get the plotting program)

I believe that most off-campus students have access to PSS/E. If you do not, I believe that I can get you remote access to PSS/E in the Jack London lab. I will have to investigate this, but I will not do so unless one of you makes the request.

You are provided with 2 data files:

· two_diab.sav: The power flow saved case. I can also provide raw data (IEEE or PTI) if necessary.
· wscc_pti_dyr: The machine data for all machines in the system.
These data files are from a test system which is similar in structure to the transmission system of the western U.S. However, I stress “similar” for two reasons:

1. The system is a product of gross approximation. Many essential features are omitted in order to keep the system relatively simple and small in terms of number of buses, lines, and machines. For example, this system represents only 179 buses. Actual models of the western US grid typically have on the order of 10000 buses.

2. I do not have authority to provide accurate transmission models of the western US grid.
So one should understand that any results obtained using this model pertains only to this model and has no relevance whatsoever in regards to the actual western US grid.
You should be aware that there are two identical generating units at Diablo Canyon. Dynamic data for one of these plants are given below (Assume that the data below is “correct.”) However, the data in your system files (power flow and stability) represents only a single unit at the power plant. I have scanned the system data files and feel that the data for this plant is questionable. You need to check it to verify that it appropriately represents a single machine equivalent of the two machines given in the data below. Specifically, you need to check
· The power flow data, especially the MVA base and the transformer impedance (the transformer impedance should be approximately 0.10 pu, when given on the machine base, but of course converted to the 100 MVA system base).

· The inertia constant, reactances, and time constants of the machine.

The data at the end of this file is in another format, but I have provided you with Q-cards that you can copy and paste over the different data cards in order to easily see what the data is. You need to provide the data used in your final report and identify any assumptions you used. Note that one very simple approach here is, since you may assume that the data for the two units are identical, input data for one unit as given below, and then identify the MVA base in the power flow data as twice the MVA base of a single unit. This will have the effect of forcing the program to interpret the machine data as if it were given for a machine on the higher MVA base. Alternatively, you may represent two different machines at the plant, each with their data as given below and their actual MVA base represented in the power flow model. In this case, you would need to represent two separate transformers as well, each with approximately 0.10 pu reactance given on the base of a single machine, or a single transformer with a 0.05 pu reactance given on the base of a single machine (converted to the 100 MVA system base, of course).
Note: Since the transformer impedance is in the direct path of the generator circuit, it is very important to get it right. Getting it wrong will make a large difference in your results!

Note: You should perform the study with only the machine model, i.e., do not represent the excitation system, power system stabilizer, or the turbine-governor dynamics.
A very rough 1-line diagram of the overall system is given in the figure below.
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Fig. 1: Very rough (high-level) system one-line
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Fig. 2: Lower-level view of study area
Instructions for PTI’s Software:

The following provides some step-by-step instructions for using the PSS/E software. Section A provides some instructions for using the power flow program. Section B provides some instructions for using the time domain simulation program. Section C provides some instructions for using the plotting program. If you are already familiar with one of these, then you probably need not pay too much attention to the corresponding instructions. For any program that you are not familiar, then stepping through the below instructions will benefit you. Note that these instructions are compatible with PSS/E v27.0; earlier or later versions may have some differences. Also note that these instructions are meant to assist you as a guide, but one should not expect that they are perfect nor will they alleviate you from having to think. Rather, expect to apply good judgment when using the programs. When you come to a point that appears unclear to you, assess the situation as best as you can, make a decision, note your thinking on a pad of paper, and move on. Also, you should have access to the manuals as a resource to clarify any problem you come across. The manuals are available on the Suns in the Jack London lab and can be found at /local/pssemanual/ and then opening within Adobe Acrobat the file “CONTENTS.pdf,” then click on “Programs Operation Manual,” and then “Volume I.” You may find some material of particular benefit in these manuals in chapters 5 and 7, particularly chapter 7. Also, “Volume II” of the “Programs Operation Manual” will be helpful in identifying data formats used by the PSS/E programs.
A. Developing your power flow case: You may do this within the power flow program environment (accessed using psslf4) or within the time-domain simulation environment (accessed using pssds4). If the latter, then you can toggle to the loadflow environment within the simulator using “lofl” from the command line. The below command sequences are with respect to the menu.
1.  Removing a line (so as to develop the “weakened” condition): Do “edit,” then “loadflow data,” then “branch,” and select, for example, 102-104, with circuit ID=1. Then select status=out. Then resolve the case.

2. Changing generation: To change generation at bus 103 (Diablo 25.0), you must change generation elsewhere or change load (if you just change Diablo generation without making any other change, you will be implicitly forcing the swing bus to take the adjustment). I suggest to just scale the total system load. You may do this using “edit,” then “changing,” then “scale,” then “all buses,” and then “go.” Then resolve the case.

3. Preparing for a stability run: You must perform several actions before the case is ready for a stability run. These are as follows:

a. Perform CONG. This converts the generators to Norton equivalents (constant current injections).

b. Perform CONL, ALL. This assigns load characteristics to the loads. I suggest that you use 50% constant current and 25% constant impedance for both real and reactive loads (leaving the other 25% to be constant power).

c. Perform ORDR. This re-orders the buses for sparsity (required because we converted the swing bus to a type PV bus).
d. Perform FACT. This factorizes the A-matrix.

e. Perform TYSL. This performs what you might think of as an simplified load flow calculation (basically just an I=YV).

f. Perform SAVE. This saves the “converted” case.

4. Picking up an already converted case: Each time you pick up an already converted case, then you need do only the following commands: “LOFL” (if you need to toggle from the time-domain simulator to the power flow program), then “CASE, file,” then “FACT,” and then “RTRN.”

B. Performing a stability run: Access the time-domain simulator environment using pssds4. The below command sequences are from the command line. Most sequences have corresponding actions that can be taken from the menu.
1. Enter “DYRE,” and then enter the filename of the dynamic data, then a carriage return.

2. Perform “DYCH.” Then

a. Perform the consistency check (#1)

b. “Chan,” (#3) and look at generator #103. You will see GENROU (machine data), IEEEST (stabelizer), and EXST1 (exciter). Toggle “off” the stabilizer and exciter so that you are modeling only the machine dynamics.
3. Enter “CHAN.” 

a. Program responds with “Enter starting channel or carriage return.” Do a carriage return. 

b. Program responds with “Enter output category.” Choose 1 (angle). 

c. Program responds with “Enter bus number, mach ID, identifier.” Type: 103,1

d. Program responds with “Enter bus number, mach ID, identifier.” Type: 0.

Repeat the above b-d steps for output categories 2 (Pelect), 4 (Eterm), and 7 (speed).

4. Enter “STRT.” This will perform the initial condition calculation. Program responds with “Enter channel output filename.” Enter a filename with a “.out” suffix. Program responds with “Enter snapshot filename.” Enter a filename.
5. Enter “RUN.” Program responds with “Enter Tpause, NPRT, NPLT, CRTPLT.” Tpause is the simulation end-time, NPRT is the frequency of time steps to write to the screen. NPLT is the frequency of time steps to write to the plotting file. Suggest entering 1,0,1,0. This will run the simulation from 0 to 1 second, writing nothing to screen and writing every time step to the plotting file.

6. Enter “ALTR.” This is the command to make network changes. First you need to apply the fault, then run the simulation, then clear the fault and drop the line, the run the simulation until done. The step we are taking here is to apply the fault. Here is a suggested sequence:
a. After entering “ALTR,” program responds with “Enter change code.” Enter 0 for no more changes.

b. Program responds with “Network data changes?” Enter 1 for yes.

c. Program responds with “Pick up new saved case.” Enter 0 for no.

d. Program responds with “Enter change code.” Enter 1 for bus data.

e. Program responds with “Enter bus number.” Enter 102.

f. Program responds with “Enter code, G, B.” Enter 1, 0, 99999999. This puts a fault with a very large susceptance at the bus (effectively, putting a short-circuit at the bus).

g. Program responds with “Change it?”  Enter carriage return.

h. Program responds with “Enter load ID.” Enter -1.

i. Program responds with “Enter bus number.” Enter 0.

j. Program responds with “Enter change code.”  Enter -1 to exit.
7. Enter “RUN.” Program responds with “Enter Tpause, NPRT, NPLT, CRTPLT.” Enter  1.0666, 0, 1, 0 (this will apply the fault for 4 cycles).
8. Enter “ALTR.” (Now you need to clear the fault and remove the line.) 

a. Program responds with “Enter change code.” Enter 0.

b. Program responds with “Network data changes.” Enter 1

c. Program responds with “Pickup saved case.” Enter 0.

d. Program responds with “Enter change code.” Enter 1 for bus data.

e. Program responds with “Enter bus number.” Enter 102.

f. Program responds with “Change it?” Enter Y.

g. Program responds with “Enter change code, G, B.” Enter 1, 0, 0.

h. Program responds with “Change it?” Enter carriage return.

i. Program responds with “Enter load ID.” Enter -1.
j. Program responds with “Enter bus number.” Enter 0.

k. Program responds with “Enter change code.” Enter -3 for branch data.

l. Program responds with “Enter from bus, to bus, circuit ID.” Enter 102, 108, 1 (This is if you want to remove one of the circuits from Diable to Midway.)

m. Program responds by giving the data for the indicated branch and then asking “Change it?” Enter Y.

n. Program responds by querying for new data. Enter 0 to toggle status from “in” to “out.”

o. Program responds by giving the shunt data for the branch and then asking “Change it?” Enter N.

p. Program responds by asking to reverse the metered ends. Enter carriage return.

q. Program responds with “Enter from bus, to bus, circuit ID.” Enter -1.

9. Enter “RUN.” Program responds with “Enter Tpause, NPRT, NPLT, CRTPLT.” Enter  10, 0, 1, 0 (this will simulate the system response for 10 seconds).

10. Enter “STOP.”
C. Plotting: 

From the Unix command line, enter “pssplt” to bring up the plotting program. Your plot data will be in the file that you named in step B-4 above. I suggest using the menu commands. The essential ones are as follows:

· CHNF

· SLCT

· PLOT

********************************************************************************

THE BELOW CONTAINS STABILITY DATA FOR THE POWER PLANT OF INTEREST IN THE STUDY.

NOTE THAT THERE ARE TWO UNITS, BUT I HAVE ONLY PROVIDED DATA FOR ONE UNIT. YOU MAY ASSUME THAT THE TWO UNITS ARE IDENTICAL. THE CORRSPONDING BUS IN YOUR POWER FLOW DATA IS 103. THERE IS DATA FOR THIS PLANT IN THE STABILITY DATA FILE FOR YOUR SYSTEM. YOU MUST CHECK OUT THE DATA THAT IS THERE AND VERIFY THAT IT IS CORRECT IN RELATION TO THE BELOW. IF IT IS NOT, THEN YOU MUST CORRECT IT.

********************************************************************************

MD DIABLO CYN 211340.  90   1  N PG+ 0.2810.281 430.124

MF DIABLO CYN 214650.01.01.0134000210.3460.9911.6931.6366.581.5 2280  769 4100.0

FC DIABLO CYN 21     .0000   0               0     40000   2   6.0 -6.0 1000  15

FZ DIABLO CYN 21  563  390    0 3850   40 10000.000    0

SF DIABLO CYN 21   0  020.00251000  20.322   0   0   0   0 .05   0

GS DIABLO CYN 211208.0      0.05 0.18 0.0  0.04 0.1   0.2

TB DIABLO CYN 210.200 0.30      5.0  0.70      0

*********************************************************************************

THE BELOW CONTAINS Q-CARDS FOR DATA ENTRY FOR THE WSCC TRANSIENT STABILITY PROGRAM (MACHINE DATA ONLY)

********************************************************************************
NOTE: THESE Q-CARDS ARE HELPFUL WHEN TRYING TO READ OR TYPE TRANSIENT STABILITY

      DATA FROM OR ONTO THE SCREEN.  YOU CAN INSERT THEM DIRECTLY INTO THE DATA

      FILE YOU ARE WORKING ON, JUST ABOVE THE DATA CARD OF INTEREST, AND THEN 

      VERY EASILY READ OR TYPE YOUR DATA.  REFER TO THE WSCC TRANSIENT STABILITY 

      MANUAL FOR MORE EXPLICIT INFORMATION REGARDING DATA FORMATS.

MD- CARD

--------

                              UT   

                              NY  O

                              IP  W

               I       P      TE  N  X''D X''Q T''DT''Q

MD < NAME ><KV>D<MVA> <F> <#> <> < > <   ><   ><  ><  >
MF - CARD 

--------

               I       P  Q MVA                         T'D T'Q     SG10 SG12 D

MF < NAME ><KV>D<MWS ><%><%><  ><RA><X'D><X'Q><XD ><XQ ><  >< ><XL ><   ><  >< >

EXCITER - FIRST CARD (NEW FORMAT)

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

 T

 Y

 P

 E             I                VI OR VA            KA   TA   VR OR VA  KE

F  < NAME ><KV>D<RC ><XC ><TR ><MAX><MIN><TB ><TC ><KV ><TRH><MAX><MIN><KL ><TE>

EXCITER - SECOND CARD (NEW FORMAT)

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

                                E/V

                           EFD  EFDM

               I SE1  SE2  EFDN VEM  KF   TF        KD   KB   KL   KH   VLR

FZ < NAME ><KV>D<KI ><KP ><0P ><VBM><KG ><VGM><KC ><XL ><VLV><KLV><KN ><KR ><  >

EXCITER - OLD CARD

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

 T

 Y

 P                                            KS           EFD

 E             I     KA  TRH TA1              SE  SE  EFD  VB  KF

E  < NAME ><KV>D<TR><KV ><TA><  ><VR><KE><TE><KI><KP><MIN><MAX<KA><TF><XL ><TFI>

PSS 

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

 T              

 Y                         t6  t5  t2  t1  t4  t3

 P                                                         VS  V  

 E             IKQV TQV KQSTQS    TQ1 T'Q1TQ2 T'Q2TQ3 T'Q3 MAX CUTVS           

S  < NAME ><KV>D<  >< ><  >< ><TQ><  ><  ><  ><  ><  ><  ><  ><  ><><REMOTE BUS>

GOVERNOR AND TURBINE CARD -TYPES H & C

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

 H             I PMAX   R   TG   TP   TD  .5TW  VELC VELO DO       <- TYPE H HYDRO

GC < NAME ><KV>D<PMAX>< R ><T1 ><-- ><T3 ><T4 ><T5 >< F ><DH >     <- TYPE C CROSS-COMPOUND

GOVERNOR AND TURBINE CARD -TYPES S & W

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

                                                 VEL   VEL

 S             I PMAX  PMIN   R   T1   T2   T3   OPEN  CLOSE       <- TYPE S STEAM GOVERNOR

GW < NAME ><KV>D<PMAX><PMIN>< R ><T1 ><T2 ><T3 ><    ><    >       <- TYPE W HYDRO-GOVERNOR 

TURBINE CARD - TYPES S & W

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

 T

 Y

 P

 E             I

T  < NAME ><KV>D<T4 ><K1 ><K2 ><T5 ><K3 ><K4 ><T6 ><K5 ><K6 ><T7 ><K7 ><K8 >

_1110021457.doc

[image: image1]













































































































































































































































































































































































































































































































































































































































































 



















































 



















































 















sw







cal







ne







nw















PACI
























_1110021456.doc

[image: image1]

Diablo500



#102







Diablo25.0



#103







Midway500



#108











Gates500



#












