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Page 1 of 3 

Steam Served Bui ldi nqs Demolished b[ Owners 

(All Station 3 & 8 district) 
Annual Cust0o11er Address .Qili. "M" Lbs • COl!lllent 

lw:arine Midland 33 Exchange St. 6/70 z.100 Parking lot 
Sams Valet 127 Clinton Ave. s. 10/70 80 Parking lot 
Central Trust 21 Clinton Ave. s. 3/71 2,850 For Lincoln First 
:.loolworth 211 Main St. E. 3/71 3,010 For Lincoln Ffrst 
Three Sisters 219 Main St. E. 3/71 835 For Lincoln First 
W. H. Gorsline 385 Main St. E. 6/71 575 For Lincoln First 
133 S. Clinton Corp. 133 Clinton Ave. s. 11/71 3,350 Parking lot 
Monroe City Jail 180 Exchange St. 12/71 6,000 Parking lot 
Monroe City Garage 160 Exchange St. 12/71 1,660 Parking lot 
Monroe City Garage 168 Exchange St. 12/71 3,600 Parking lot 
Mcfarlin Clothing 195 Main St. E. 4/71 3,125 For Lincoln First 
Inez Wishman 202 Court St. 5/72 900 Parking lot 
Inez Grassi 149 Clinton Ave. N. 7/72 4,450 Fire - Vacant Lot 
Levfs Music Store 412 Main St. E. 8/72 655 Parking lot 
School of Holy Childhood 215 Andrews St. 9/72 1.100 Parking lot 
Jewelery & Diamond 90 East Ave. 9/72 135 Parking lot. 
First Nati.onal City Bank 80 East Ave. 11/72 210 Parking lot 
First National City Bank 11 Gibbs St. 11/72 1,100 Parking lot 

Horton Headquarters 66 East Ave. 11/72 0 Parking lot 
Michael Crandal 84 East Ave. 6/73 50 Parking lot 

George Perrotta 7 Gibbs St. 6/73 90 Parking lot 

2nd Church Christ Scientist 88 East Ave. 6/73 120 Parking lot 

W. H. Gorsline 72 East Ave. 6/73 780 Parking lot 

Wilson Sinclair Co. 182 Conmercial St. 6/73 800 Parking lot 
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CUSTOriER GAINS 

Customer · Address 

Holiday Inn 120 Main Stre~t E; 

Am~rican Laundry Mach. * 70 Glide St • • Bldg . . A3N 

•. * 70 Glide St., Bldg; 2 

S; C. Toth* · 545 West Avenue 

A~tco Laundry · 331 Main St. W. 

Cl1ntstorie Properties 31 Clinton Ave. S. 

City of Rochester 305 Monroe Ave. 

McFarlins Store 26 CHnton Ave. s. 
Central Triist Bank 20 Clinton Ave . S. 
. . 

. General Ser. Admin. 100 State St. 

Lipani Bakery 522 Plymouth Ave! N. 

Rochester Area TV 280 State St. 

Shepherd Showcase 12 Commercf al St •. 

Crossroads Apartments 125 St. Paul S.t. 

Corpus Christi Church 864 Main St. E. 

Manhattan .Squai'1! Park 130 Chestnut. St. 

Medical Associates l Strathallen 

General Plating 850 St. Paul St. 

Yilmaz Baris 48 St •. Paul S~. 

1st Feder.al Sav~ & Loan 38 Main St. £. 

Lincoln First Bank 26 Clinton Ave . S. 

Genesee Brewing Co. 587 $t. Paul St. 

Mixing Equipment Co. 69 Cascade St. 

• Date 

9/70 

1/71 

1/71 

4/71 

8/71 

2/72 

3/72 

4/72 

6/72 

11/7?. 

. 6/74 

10/74 

4/75 

5/75 

9/75 

9/75 

10/75 

12/75 

l/76 

11/76 

12/76 

12/77 

1/78 

*Station 9 district. All others are Statfcn 3 & 8 district. 

Page lof l 

Annwal 
"I'll". Lbs • 

22,9~ 

, .5.804 

13 ~.727 

453 

7,582 

32.,592 

1,979 

5.44 

760 

13,809 

1,666 

1,432 

295 

27,355 

2,026 

37.4 

499 

2.,648 

395 

12,051 

7,470 

4,0B3 

812 
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Page 3 of 3 
Steam S!!rved 6uildings Demolished by Owners 

Customer Address Date "M" Lbs, Conment 

Eastman Kodak Co. 395 State St. 8/78 467 Vacant Lot 

Eastman Kodak Co. 407 State St. 8/78 997 Vacant Lot 

OHW Properties, Inc. 116 North St. 11/78 336 Vacant to be dem. 

St. Patricks Church 453 Plymouth Ave. N. 7/79 816 Parking lot 
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Rochester Gas and Electric Corporation 

Response to Staff Questions Pursuant 
to Commission Order in Case 27566 

A. 1. (B) Fuel type of conversion is answered under reply given in 1 (A). A list of 
some recent costs of conversions follows. It is noted that we experienced 
some reluctance by customers/owners to divulge cost data. Also, costs 
include, in certain instances, other work on the building heating systems. 
For instance conversion of Caldwell Manufacturing includes changing from a 
steam to a hot water heating system. A breakdown of this cost is not 
available. 

APPROXIMATE 
AN?-.'UAL USE DATE OF COST OF 

CUSTOliER "M" LBS. CONVERSION CONVERSION 

J. J. Cukey Associates, Inc. 154 5/79 $ 3,500 
146 Broad Street East 

Farash Construction 4,371 9/79 $ 75,000 
155 Broad Street East 

Rochester Chamber of Co111111erce 6,574 9/79 $ 55,000 
55 St. Paul Street 

caldwell Manufacturing Co. 1,761 10/79 $ 68,000 
64 Commercial Street 

Rochester Drugs 3,585 11/79 $ 25,000 
320 Goodman Street.North 

Genesee Valley Club 4,744 11/79 $ SS,000 
421 East Avenue 

Guy Bondi 2,370 12/79 $ 20.000 
10 Gibbs Street 

Bethel Full Gospel Church 4,910 12/79 $ 22,000 
339 East .Avenue 

Gurell Associates 538 12/79 $ 7,500 
233 Alexander Street 

Association for the Blind 3,128 1/80 $ 28,000 
422 Clinton Avenue South 

Builders Exchange 1,063 1/80 $ 18,000 
65 College Avenue 

Monroe High School 24,445 2/80 $240,000 
164 Alexander Street 

Norry Company 2,497 2/80 $ 25,000 
370 EaH Avenue 

Marc Four Builders 491 3/80 $ 8,000 
583 West Avenue 

Monroe Laundromat 566 3/80 $ 5,800 
270 Monroe Avenue 



. 



Appendix C 

C()IPUTER SIMULATION PROGRAM TO .MODEL THE PRESSURE~FLOW 
RELATIONSHIP OF STEAM DISTRIBUTION SYSTEMS 

(Stoner Associates, Inc.~ Carlisle, Pennsylvania) 
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Users Guide 

GAS STEADY STATE 
{GASSS) 

PREFACE 

This publication provides a detailed description of the Gas Steady-State Piping System Program (GASSSI. 
GASSS is a digital computer program which can be used to determine the balanced steady-state prasSt!l'e· 
flow relationship for an isothermal gas network system composed of pipelines, compressors; and regulators. 
The program was designed using modern equation-solving techniques to provide fast convergence of the 
anodel equations. resultii,g in a low,cost simulation. 

Thk edition of the GASSS Users Guide superHdas and c,bsoletes all previous editions. 

GASSS is a gas network analysis program develoPtd by Stoner Associates. Inc., Box 86. Carlisle, Pennsyl­
vania 17013. 

Neither National CSS. Inc., nor Stoner Associates, Inc .• assu~es responsibility for any errors that may 
occur during the operation of this program, or errors·in interpreting the results of this program. 

Trademarks 

VP/CSS. VP, and CSS are trademarks of National CSS, Inc. 
GASSS is a trademark of Stoner Associates, Inc. 

NATIONAL CSS, INC., 187 DANBURY ROAD, WILTON. CONNECTICUT 06897 
Fo,m939 2 Prirued by Special Permission August 1978 

©197111914 Stoner Associates, Inc., Carlisle, Pennsyl11ania Printed in the United States of America 
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FUNDAMENTAL FLOW-STEAM 

Because th, equation of state has been Included in the Integration, this equation should he valid for the flow 
of dry, saturated steam having any pressure drop, or any length of pipeline. 

In the evaluation of the friction factor, Reynold's Number Is computed from the following equation: 

a 
Reynold's Number • 

3.14 75 D l 

The viscosity of the steam should bt read as a system variable on the fifth line of system 1tariable input. An 
average value for the viscosity of dry saturated steam in the 100·300 psi range is .0000137 pour,ds/ft.·sec. 

Association of variables with NCE input positions: 

X1 pipeline diameter. 
X2 pipeline length in feet or miles. 
X3 D1rcy,W1isbach friction factor. default value can be used, 
X4 pipe roughness in inches, default value can be used. 
XS equivalent length multiplier 

If the Moody diagram switch of line 5 of the inp~t data is on, the friction factor wili be computed n a func· 
tion of R~nold's Number and rtlative roughness. If the switch is off, then the friction factor read through 
the X3 variable will be used throughout dte flow balancing compUtation. When using the GASSS program 
for the solution of steam problems, the fourth line of the data file should contain SUPOFF. On the fifth 
line, only the base pressure, default friction factor, default roughness. viscosity and Moody switi:h are effect· 
ive. An example steam system analysis is included in Section 8. 



FUNDAMENTAL FLOW - STEAM 

MUNICiPAL STEAM SYSTEM EQUATl()N 

A pressur•:fli;,w equalion has been provided for the analysis of municipal steam systems in which the flow 
unit is pounds of steam per hour or tho~;ands of pounds ofsteam per hour; When this equation is used, 
the flow unit designatc,r of LB/HR or MLB/"4 R, respectively, should be used on line 2 of the input data 
file along with I prl!HUre unit o.f f'SIG. · · · 

The equation used is developed from the flow equation for I compressible gas Ir, which the gas is assumed 
to be dry, saturate~ .steam, where . the relationship betwnn 4enlity and pressure is of the fQllowing form: 

The basic dif.ferential fiow equation is as follows: 

, p v2 

dP+ 20 dx•O 

which, when combi.ned wi~h the m~ss· flow rate equation O • pAV resuiu in a differential equation of the 
following form: . . . . . 

J . . . 
. pdP + • . . . f Q dx 5280;. . . _ 

(32.2)(3S00. 1 J2,0A1 (144.) .· 

If the relationship for density fr6m the above equation of state is used, and the equation integrated with 
respee·t 10 P and x, a flow eQuation of the. following form results: .· · · 

a • 01,s (32.21(3600.1 I (2.)(9.881 ----- . -·----------·-
I 1.9461(343.AH 16.U 144)( 12.)(L)(5280.I 

. . 

"' ste~m flow rate in pounds/t\our. 
• diameter of the pipe in inches. 
= length of the pipe in miles. 
• pressure at ~he upstream point, p~ia. 

• pressure at the downstrea~ point, psia. 

P0t46 . ·,' .946 
~.:.. :::.z._; _ 

.f 

• tt:e Oarcy-Weisbach fric:tion fictor, determined from a Re_y!'old's Number 
relative roughness equation. 
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ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

EXAMPLE 4 - ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

GASSS is useful for analyzing the steady-state pressure-flow relationship for a municipal steam system. The 
following example shows the use of the Fundamental Steam Equation, the use of the Fisher Regulator to 
determine a valve sizing constant, and the use of this element as a control valve. The Fundamental Steam 
Equation is a friction factor type equation with a Darcy-Weisbach friction factor determined as a function of 
Reynold's Number. The equation of state for dry saturated steam is used in this flow equation. The example 
also uses the GASSS load generator to establish the loads. on the network. 

The following schematic depicts the sample steam system. There are three supply points to the system, nodes 
SF10, T300 and TSOU. The sources of steam at these three nodes have l! pressure of 300 pounds, 275 pounds, 
and 325 pounds, respectively. 

P=300. 

id 
I 

in 
N 
rt -

Lengths are miles. 

P=-200. 

8.12-6. 

.; 
I 

N 
(Ji 

8.12" - 8. 

in ,: 
in 
N 
N -

6.06" - 3.25 
P=275. 

Control 
Valve 
c,= 100 
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ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

The core of this system is a lower pressure limited system. The pressure at node 050 must be set at 200 pounds. 
This pressure is controlled through the regulator from node TlOO to DSO. Also a control valve from node TB9 to 
C62 cuts the pressure from the TSOU source. The pipeline diameters and lengths are given on the schematic. For 
a given loading condition described later, it is desired to know what will be the pressures in the distribution system 
and the quantity of steam required from each of the three sources as well as the regulator sizing coefficient for the 
regulator from TlOO to 050. The problem file, or input data file, for this problem is shown below. The loads are 
not shown as these will be provided by the load generator. 

10.50.30 pr1ntf stsampl data tl 

SA~PLE STEAM SYSTEM -- MULTIPLE FEECl REGULATOR AN~ CONTROL VALVE 
t-lLO/Hfl PS I (i· 

f.11 LES 
SU POFF 
14. 73,520., .6, 500., 1.,. 02,. 0006,. 0000137, o, 
.1~ .1,. 05, 10., 5.,. 1 
20 
1,1,1, 
SFlO SF12 FS 
SF12 TlOO FS 
TlOO T210 FS 
T300 T210 FS 
TlOO 050 Fl S 

nso 015 r-s 
075 0140 FS 

Cll40 0120 FS 
n120 050 FS 
0120 D10 FS 

010 C62 FS 
'1140 C62 FS 

T89 C62 Fl 
TSOU T89 FS 
zzzz 
SFlO 
SF 12 
TlOO 

D50 
fl75 

OHO 
0120 
T210 
T300 

010 
Cfi2 
T89 

300., o.,s 
500.,S 
400.,S 
200., 
200.,S 
,s 

12.25,5., 
12.25,6., 
12.25,i.., 
12.25,4.5, 
5000.,32.,20. 
8.12,6. 
8.12,4. 
8.12,8. 
10.1,10. 
6.06 6.55 
6.06 3.25 
6.06 4.3 
100. 32. 10. 
8.12 s.s 

TSOU 
zzzz 

200.,s 
500.,S 
275., o,s 
200. S 
20-0. S 
300. S 
325. 100. S 
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ANALYSIS OF A STE~M DISTRIBUTION NETWORK 

The loads for this problem are to be generated using the GASSS load generator. The supplementary lo;.:t 
file that accompanies the above problem file is shown below. This is the file STSAMPL LOADS. 

10.56.18 flrlntf stsampl lo arts 

I.OJ\n Fl LE FOR SAMPLE STEAM NETWORK 
STEAM LOADS ARE tlLB/tlR 

COL 1 WINTER nASE LOAn 
COL 2 WINTER LOAO/OEG FflR TEIIP REI.OW 65 l'lEG· F 
COL 3 LOM J\T EACH NOOE TO J\CCOUIIT FOR CONOENSATE REtmVJ\l 
COL 4 SUMMER BASE LOAO 
COL 5 SUl·ll-1ER LOAD/DEG FOR TEMP ABOVE 65 nEF F ( .I\ IR CONI") 

SF12 5.0 0.15 1.20 3.0 0.30 o.o o.o o.o o.o 
T210 8.0 0.18 1. 30 4. 0 0.25 o.o o.n o.o o.n 
TlOO 4.0 o.os 2.00 2.0 0.10 o.o o.o o.o o.o 

050 o.o 0.01 0.50 o.o 0.05 o.o o.o o.o o,o 
075 16.0 0.21 o.ao 10. 0 0.50 o.o o.o o.o o.o 

n120 
0140 

010 
C62 
T89 

12. 0 0.15 0.90 6.0 o.~5 o.o o.o o.o o.o 
8,0 0.11 0.60 3,0 0.25 o.o 0,0 o.o n.n 

10.0 0.09 o.ao 5.0 0.40 o.o o.o o.n o.o 
4.0 0.12 0.50 2.0 0. 311 o.o o.o o.o 0.,, 
o.o o.o 2.00 o.o o.o o.o o.o o.n o.o 

The first seven lines of this file are title information in which it is convenient to describe the contents of each 
column. In this case, a very simphi use of the load generator is envisioned and by using only five of the 
possible ten c;olumns, both winter and summer loads can be generated. In this sample, only the first three 
columns will be used to generate a winter loading condition for a 60 degree dav condition. Column 3 is a con­
stant load at each node to account for condensate removal from the drip at each node. Column 1 is a winter• 
time base or firm load. To establish the load for a 60 degree day, it is necessary to multiply column 2 by 60 
and add the result of that multiplication to column 1 plus column 3. To generate a summertime load, the 

o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 

user would multiply column 5 by some number of degrees and sum column 3, 4, and the result of a multiplica· 
tion of column 5 to obtain the load. The following terminal session shows the above-mentioned use of the 
load generator and the solution of the problem. 
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\NAL YSIS OF A STEAM DISTRIBUTION NETWORK 11oan ~--------~gao 

GASSS ATTACttEn AS 192, (T) 
11.09.51 attach Rasss ~ l 
CASSSV3 5/06/7r. Rml ON 0~/20/7r. 1------ AttacllCASSSandrequetllheediior. 

t10NITOR COMMAND ??edl t ..,. ________ _,_ 

EDITOR FOR GASSS FILES 
INPUT HI FT s ts amp I ---------------­
loads 

LOAD GENERATOR FOR GASSS 
INPUT FN FT stsampl loads 

LOAD FILE FOR SAMPLE STEAM NETWORK 
STEAJ.1 LOAOS ARE IILB/Hlt 
cot 1 WINTER BAS.E LOAD 
COL 2 Iii NTER LOAO/DEG FOR TEMP BELOW 65 DEC F 
COL 3 LOAD AT EACH NODE TO ACCOUNT FOR CONOENSATE 
COL r. SUMMER RASE LOAO 

£.lit lhe IUc STSAMPL (filctype or 
DATAaawaed). . 
Enter the load genera1or. 

Request tlw Ole STSAMPL LOADS. 

nue infonnatlon prlnu ar111 the lite 
llu been read. 

COL S SUMt~ER LOAD/DEG FOR TEMP ABOVE 65 '>EF F (AIR 

REMOVAL 

COND) 

COLUf.ltl 6 IS THE FIRST COLUMN WITH All ZERO VALUES. 
THERE ARE 10 NODES I ti THE LOJ\fl Fl LE . 

L c2 .. c2•60. : 
L q=cl+c2+c3 
L .<l.!!!!L 

Multiply COiumn ·2 bJ 60 degrees. 

--------------------- Sum columns 1,2,andJ to produce 
the loadL Me,.e the load generator 

FOLLOWING HOOE NAMES ARE IN THE PRORLEM FILE UST BUT 
ARE tlOT IN THE LOAO FILE LIST 

11 SF10 11 

11T 30 O'' 

WCIOr into the problem file vector QN. 

l g_------------------------- Rcttani to the node environment. 
RETURNING TO NOOE ENVIRONMENT 

p 20 
SFlO 
SF12 
TlOO 

flS 0 
1'175 

OHO 
Ol20 
T210 
noo 
rno 
C62 
Ta9 

TSOU 
f 11 e 

300.0 
500.0 S 
400.0 S 
200.0 
200.0 S 

o.o s 
200.0 S 
500,0 S 
275.0 
200.0 S 
200.0 S 
300.0 S 
325. 0 

stmtemp bin 

o.o 
-15.20 
-9.00 
-1.10 

-29.40 
-15.20 
,.21. 90 
-20.10 

o.o 
-16.20 
-11. 70 
-2.00 

100.0Q 

s o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o~o 

s o.o 
o.o 
o.o 
o.o 

s o.o 

o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

frlnl a su(flcient number or nodes to 
Hamine the gen~rated load. 

------------------ Fik! the problem lileto STMTEMP BIN. 
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ANALYSIS OF A STEAM DISTRIBUTION NETWORK 

~10N I TOR COr11.\ANO ?? !.Y.!l. ·~----------­

GAS STEADY STATE. 

INPUT FILE? stmtemp bin ~----------

OUTPUT FILE? out 

PROBLEM Tl TLE: 

RcqUftl lhe Solulian Prapam. 

Input file Is STMTEMP BIN. 

SAflPLE STEAM SYSTEM -- MULTIPLE FEEO REGULATOR Min r.OMTP.Ol VAi.VE 

RUM ON: 05/20/74 AT 11.13.36 

SYS Tm IS TI ED TOGETHER AS ONE UN IT 

••• PROBLEM SUMMARY••• 

13 HOl'lES 
14 tlCES 

1 UNKtlOWH t~CES 
9 lJtlKMOl·ltl PRES 
3 UNKNOW!! F LO\.,S 

BALANCIMG STARTED 

SOUJTION COt-tPLETEO IN 14 1TERATIONS 

OUTPUT SEGflENT: Cot1MANfl REAflY SYf1110L .. 

Salucian has been campleied. Produce 
* 50 u r a lis1ing af Che source nodes on lhe 

uses·scerminal. 

SOURCE NODES FOR: 
SAIIPLE STEAM SYSTEl1 -- tlUL TI PLE FEE!l REGULATOR AND COtlTROL VALVE 
RUtl ON 05/20/74 AT 11.13.36 

tlOOE 
noo 
SF10 
TS.OU 

rRESSURE 
275.00 
300.00 
325.00 

FLOW<t1LB/H) 
li8.35 S 
63.}2 S 
30 .13 S 
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~A~NA~ L~YMS~IS~O~F~A~S~T~E~AM= O~IS~T~Rl~B=UJ~l=ON~ N=EM_._.O=R=K~·--------------aQQQ 
QOlJ 
OD 

•fu 11 ---------------- Request rull output at the user's terminal. 

FULL HCE RESULTS FOR: 
SAMPLE STEAM SYSTEH -- HULTIPLE FEED REGULATOR AHO CONTROL VALVE 
RUN ON 05/20/74 AT 11.13.36 

FRO!~ TO F-P T-P TYPE f11B/H PJ\ RM!. RF.HARKS 
£'120 010 121.S 89.S FS 6.29 6.060 RN• 321955.F•0.0157 
D120 050 121. S 200. FS -36. 9 3 10.100 Rf'lo 1133452.F•0.0132 
0140 Dl20 105.S 121.S FS -8.75 8 .120 RNa 3331192.Fs0.0153 
0140 cs"2 105.S 126.S FS -6.52 6. 060 RN• 333616.F•0.0157 
SFlO SF12 300. 275.S FS 63.32 12.250 RN• 1602174,F=0.0126 
SF12 TlOO 275.S 256.S FS 48.12 12.250 RM= 1217586, fa0 .• 0129 
TSOU T89 325. 275.S FS 30,13 8.120 RH"' 1150062,F•0.0135 
TlOO T210 256.S 261. S FS -28.25 12.250 RN• 714742,Fa0.0136 
noo 050 256.S 200. FIS 6 7. 37 332.0 
noo r210 275. 261. S FS 48. 35 12.250 RM= 1223307,F•0.0129 

n10 C62 89. S 126.S FS -9. 91 6. 060 RN= 506687.F•0.0150 
050 075 200. 105.S FS 29. 34 8.120 Rt-I= 1119779.F=O.OlJS 
075 01160 105.S 105.S FS -o. 1' 7 8,120 RtJ:a 18101.F=0.0269 
189 C62 275. S 126.S Fl 28.13 100.0 

UOOE I NFORt-lAT I ON 
MOOE PRESSURE FLOUCMLB/H) 
0120 121.49 S -21.90 
D 11'0 105.10 S -15.20 
SF 10 300.00 63. 32 s 
SF12 275.02 s -15.20 
TSOU 325.00 30.13 S 
TlOO 255,96 s -9. 00 
T210 260. 70 s -20.10 
no.o 275.00 48.35 s 

r.62 126. 37 s -11. 70 
[)10 88.63 s -16.20 
050 200.00 -1.10 
r, 75 105.05 s -29.40 
T8!J 2 74. 6 3 s -2.00 

*Q 

OUTPUT COMPLETED FOR: 
SAIIPLE STEi\1·1 SYSTrn -- MULTIPLE FEED REGULATOR ANO CONTROL VALVE 

In the above simulation results, RN is the Reynold's Number of flow in each particular pipe. F stands for the 
friction factor. N.ote tliat the regulator sizing coefficient is 332 and that the control valve T89 to C62 is 
passing 28 MLB/HR. 





Appendix D 

PRELIMINARY·HEAT BALANCE FOR RETROFITTING 
UNIT #12 TURBINE FOR COGENERATION 

(C. H. Thiele, ORNL Consultant) 
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Rochester Gas and Electric Company Retrofit of Unit #12 

The turbine-generator is a General Electric, 75,000 KW machine with 
a tandem compound, double flow reheat turbine and a hydrogen cooled 
generator. Turbine auxiliaries include a 45,000 sq ft surface condenser, 
two circulating water pumps, three condensate pumps and a two element, 
two stage steam jet air ejector for removal of noncondensibles from the 
condenser. 

Steam for the turbine is supplied by a Combustion Engineering, Inc., 
controlled circulation reheat-type steam generator. The unit is designed 
for a main steam flow of 560,000 lb/hr of steam at 1825 psig and 1055°F 
at the super heater outlet, and a reheater flow of 441,000 lb/hr of steam 
with reheat of l005°F. Auxiliaries consist of three mills and feeders, 
one forced draft fan, two regenerative air preheaters, electrical pre­
cipitator, one induced draft fan, one constant speed and one variable 
speed boiler feed pump, Bailey meter pneumatic combustion control, and 
a 234 ft exhaust stack. 

Unit #12 is wholly separate from the existing units in the station 
as to steam, feedwater, and condensate piping systems of the main turbine 
cycle. The unit system being rigidly followed and cycle interconnections 
omitted. The three high pressure closed feedwater heaters are located in 
the cycle after the boiler feed pumps with the last high pressure heater 
taking its extraction before the turbine crossover. The three low pressure 
heaters are in one divided shell and mounted in the condenser neck. The 
system does not include an extraction stage deaerating heater. Deaeration 
of the condensate is done in the condenser. 

The turbine consists of a high pressure section, an intermediate 
section, and a double-flow low pressure section. Extracting heating steam 
from the high pressure or intermediate sections could cause an unbalance 
in the tandem arrangement. There is no problem in the balanced divided 
flow of the low pressure section. 

Steam expansion takes place in successive pressure stages, each stage 
being comprised of stationary nozzles carried in a diaphragm and a row of 
buckets secured to the rotor. There are ten stages in the high pressure 
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element, eleven stages in the intennediate pressure element, and four 
stages in each section of the low pressure element. Steam for feedwater 
heating is extracted from stages 6, 10, 15, 18, 21, and 23. 

The condenser has a steam capability of 371,000 lb/hr with a heat 
rejection of 988 Btu/lb of steam with 36,300 gpm circulating water at 
53.7°F and exhaust pressure of 1.05 in. Hg, absolute. 

Steam Extraction for Process or Heating 

Unit #12 cogeneration could be provided for at one of the following 
steam sources: 

1. Throttle steam 500,500 lb/hr 1815 psia 1050°F 
2. Hot reheat 395,629 lb/hr 291. 1 psia l000°F 
3. Cold reheat 395,629 lb/hr 323.5 psia 630°F 
4. Stage 6 35,285 lb/hr 626.7 psia 776°F 
5. Stage 10 44,391 lb/hr 323.5 psia 630°F 
6. Stage 15 20,683 lb/hr 111 . 0 psi a 730°F 

Stage 10 and the cold reheat are the same. The throttle steam and 
hot reheat with temperatures at 1000°F or above would require heat 
exchangers with costlier materials suitable for the high temperatures. 

For the conditions of stage 15, assuming a suitable flow could be 
obtained and consolidating main steam and reheat flow into throttle flow 
for simplification, the following heat balance diagram and calculation 
show the apportionment of one pound of steam between electric and steam 
{Fig. 0.1). 

A. 100% electric generation Btu/lb 

l. Steam to turbine 1665.0 
[500,000 (1510.9-472.53) + 395,629 (1525.47-1330.5)] 

+ 500,500 + 472.53 
2. Loss to condenser (1043.4 - 59. 7) 983.7 

3. Used by the turbine 681.3 
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Fig. D.1. Heat balance for the cogeneration option for Unit #12. 
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B. Electric and steam Btu/lb 

1. Steam to turbine 1665.0 
2. Available to electric 681.3 
3. Available used by electric (1665 - 1406.9) 258. 1 
4. Available used by steam (681.3 - 258.l) 423.2 
5. Percent available used by electric (258.1 + 681.3) 37.9 
6. Percent available by steam (423.2 + 681.3) 62.1 
7. Condenser loss charged to electric (983.7 x .379) 372.8 
8. Condenser loss charged to steam (983.7 x .621) 610.9 
9. Total charged to steam (62%) 1034.l 

10. Total charged to electric (38%) 630.9 

Cogeneration reduced the cost of both electric and steam by recovering 
the steam send out that would be lost in 100% electric generation. There 
is some sacrifice in electric generating capacity, but substantial energy 
conservation. 
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